-1- 200255 MY Description Mcrobiologically
stabilised beer The present; invention relates to
agents and processes for the production of
m crobi ol ogically stabilised beer. In the |ast ten
years or thereabout, a |arge nunber of snmal
breweries, the so- called pub breweries, have been
set up again which differ fromlarge breweries above
all by their small production volune which usually
covers only the quantities being served in their own
200peH vnd direct sales of small containers such as
bottles, and by a sinpler brew ng and
bottling/racking process. \Wereas the |arge
DesgrPidN es in particul ar operate |arge industri al
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economically unattraci ve for small breweries.

On the other hand, it is especially the low germ production and bottling/racking
which has a positive effect on the result of brewing; many of the micro-
organisms enirained in production are “harmful to beer”. A beer produced {o be
low in organisms harmful to beer is suitable for storage for longer periods and
can even in an environment not completely germ free easily be bottled or
racked in kegs without a negative effect having to be expacted.

It is desirable to provide as simple and cost effective processes and means as
possible which allow both breweries run on an industrial scale and small
breweries to carry out production and botiling/racking of beer which has been
microbiologically stabilised.



beer arises above all in connection wth bottling of
the beer, racking in kegs g filling into simlar
vessels. "Low gerni shoul d not be understood to nean
conpl ete freedom from gerns. The nunber of gerns

harnful to beer, in particular mcro-organi sns that
are present in beer, such as bacteria and fungi,

shoul d be so low that the beer does not spoil during

a prol onged storage period of weeks and nonths. |If
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short t;r\ﬁ% proceésmglg S(’H'rll%tT t?us caseg beer is heated by means of a high-
temperature short-time pasteuriser, usually a plate heat exchanger by the
continuous flow method and subsequently cooled again. Ideally, the HTST-
facility is installed directly in front of the filiing machine. Nevertheless, there is a
risk of secondary contamination, for example during the bottling/racking process
or by filling into containers which have already been contaminated with germs.
HTST processing is a frequently used measure; however, it is not safe enough
for botﬂing/rackin'g of sugar-containing beer beverages.



for bottling/racking of sugar-containing beer
beverages. -3- A further nggsure for I ow germ
bottling/racking of beer is nmenbrane filtration or
cold disinfection. Basically, the process corresponds
to the HTST process, however, a nenbrane filtration
systemis used for germreduction instead of a
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A fmher possibility for low germ bottling/racking of beer or for providing
bottled/racked microbiclogically stabilised beer are processes known from the
juice and lemonade industry. These include chemical sterilisation. In the case of
some lemonades, it is possible according to the law on food products to use the
preservation dimethyl dicarbonate (DMDC) shortly before bottling. As a rule, this
requires prior HTST treatment:-When correctly used, the substance added
continues to take effect in the filled and closed botile and degrades after a
certain pericd. A disadvantage is the very difficult technical application of the

~ substance in the brewing plant since it is harmful to health and has a high
freezing point. For sugar-containing beers such as mixed beer beverages or



preservation dinmethyl dicarbonate (DVMDC) shortly
before bottling. As a rule, ,this requires prior HIST
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proo%’é@ ‘f%e&ﬁr%ﬂﬁctlow&f BESTEH Rbled B Beilet 8o b ESFeMing liquor,
hops and at least one source of carbohydrate, wherein in a first step (a) brewing
liquor, hops and the source of carbohydrate are mixed to form wort. [na”
subsequent step (b) the wort is boiled. In a subsequent step (c¢) the wort is
microbially fermented. The process according to the invention is characterised
in that the source of carbohydrate contains isomaltulose or an isomaltulose-
containing mixture as germ-stabilising agent.

The invention thus teaches the production of beer or mixed beer beverages
from brewing liquor, hops and a source of carbohydrate; wherein isomaltulose
or an isomaltulose-containing mixture is contained in the source of carbohydrate



process for the production of beer or m xed beer

beverage frombrewing liquar, hops and at |east one
source of carbohydrate, whetein in a first step (a)
brewing |iquor, hops and the source of carbohydrate

are mxed to formwort. In a subsequent step (b) the
‘wort is boiled. In a subsequent step (c) the wort is
mcrobially fermented. The process according to the
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as HBx a9 8hsiyRddgRlde Abt BHB beer which is obtained after
complete or almost complete fermentation of the wort, i.e. of the carbohydrate

- components contained therein. Beer should be understood to mean here also a
mixed beer beverage which is obtained when at least one further carbohydrate
component which is not or only partially fermented, is added to the beer before,
during or after its production. For example, beer should be understood here to
mean a mixed beer beverage in the case of which isomaltulose is added to
conventionally produced beer during or after production.

Preferably, the germ-stabilising agent is added to a source of carbohydrate
containing malied grain (malt), raw grain or a mixture of malted grain and raw



bei ngs. The germ stabilisation according to the
invention |eads to the nunber of such

m cro-organi sns not rising above a certain threshold
in appropriate storage periods such that the food is
not spoilt or does not pose a risk to health. In
connection with the present invention, "beer" should
be understood to nmean - as the expert can easily
recognise - not only a beer which is obtained after
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In a further preferred embodiment, isomaltulose is added to the beer
additionally or exclusively only after filtration. If the isomaltulose is added to the
beer after filtration, the mixture is not subjected to any modifications by the
desired fermentation process as a result of the yeast being separated off.

In & further preferred embodiment, the isomaltulose is added additionally or
exclusively directly before boitling/racking or before storage of the beer or
mixed beer beverage.



subsequent |y passes through the entire main and
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fermentation although, as a rule, a residua
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A subject matter according to the invention is consequently also the use of
isomaltulose as germ-stabilising or germ-inhibiting agent for low germ
production, above all boitling/racking of beers or mixed beer beverages, in
particular according to the process according 1o the invention described here
and its preferred modifications according to the invention.

Isomaltulose is a reducing sugar which surprisingly can be assimilated and
metabolised by beer yeasts such as Saccharomyces cerevisiae or
Saccharomyces carlsbergensis either not at all or only with great difficulty.
Isomaltulose (6-O-a-D-glucopyranosyl fructose), known by the name of



insignificantly change taste aspects such as

pal ateful ness in beer or mxed beer beverages. A
further subject matter of the present invention is
consequently al so a beer or m xed beer beverage in
whi ch isomal tul ose is contai ned as sweeteni ng agent.
Preferably, isomaltulose is contained as the only
sweet eni ng agent. Further preferably, isonaltulose
is contained as the only body-providi ng sweetening
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cellg gfebjﬁg}t@nggg)actq; rybryip O &nzyme extracts produced therefrom. In a
particularly preferred embodiment of the invention, isomattulose-containing
mixtures contain approximately 79 - 85 % isomaltulose, 8 - 10 % trehalulose,
0.5 -2 % sucrose, 1 - 1.5 % isomaltose, oligosaccharide, 2.5 - 3.5 % fructose
and 2.0 - 2.5 % glucose or they consist thereof, these details relating to the
solids content as a percentage.

“Wort” should be understood to mean the exiract liberated from insoluble
components which consists of a carbohydrate source, e.g. malt, to which water
and preferably hops have been added and which has been boiled. After boiling
with hops, the so-called finished wort is obtained. After cooling, the boiled wort
is available as pitching wort. Preferably, the wort is produced by mashing,
lautering, wort boiling and wort treatment. The production of the wort has the



nodi fication the m xture contains isomaltul ose and

| eucrose, in a further nodjfication the m xture
contains isonaltul ose and t“agatose, in a further

nodi fication the m xture contains isomaltul ose and
“turanose, in a further nodification the m xture
contains isomaltul ose and i somaltose, in a further
nodi fication the m xture contains i somaltul ose and
isonelizitose, in a further nodification the m xture
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is adgleddapis madrbBinge the wort used for fermentation may contain dsfferent

sources of carbohydrate, pale or dark microbiologically stabilised beers can be

produced by using the process according to the invention.

According to the invention, part of the extract of the wort is preferably replaced
by isomaltulose. Thus, the proportion of metabolisable carbohydrates in the
wort is reduced such that in addition the alcohol conient of the beverage
produced is preferably reduced compared with that of a normal beer. The
alcohol content of the beers produced according to the invention can, if
necessary, be further reduced by using alcohol removal processes. An “alcohol-



starch to fernmentabl e sugars such as glucose, maltose

or maltotriose and non- ferpentable dextrins. The
tenperature optimum of mal tose formation is 60 C - 65

C, that of dextrin formation 70 C - 75 C. The
tenperature determnes the final fernentation of the
wort depending on the type of beer. Follow ng

| autering and sweetening out of the spent grains

with hot brewing liquor (78 C), the wort is
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proporti on I sabl e carbohydrates in the
wort is redu_ced such that in addition the al cohol
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takes place preferably by using elevated temperatures with a high throughput of
air. By predrying at preferably 40 to 50 °C (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 85 °C in order o adjust the
water content of the malt to preferably approximately 4 to 5 %. This process is
referred to as kilning. |

The fermentation process takes place preferably in two stages. The main
fermentation is initiated by adding micro-organisms, in particular yeasts, bottom-



al cohol beer" shoul d be understood to nean, according
to the invention, a beer qﬁich has an al coho

content of less than 5 % in particular less than 4
% A "source of carbohydrate" should be understood to
mean materials containing carbohydrates such as
grain products in the case of which the carbohydrates
can be converted at least partially during the
production of the wort into fernentable soluble
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The fernmentation process takes place preferably in

In & g dhe T ifeciect S aRIreaR, OHTHS Jaanie: s pRAIEE! Bded om
fermehiation process to 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. Low-alcohol or alcohol-
free Beers or beer-like beverages produced as a result of such fermentation are
characterised by a mild acidic taste which corresponds approximaiely to that of
Berliner WeiBe beer.



fermenting yeasts or top-fermenting yeasts. At the
end of the main fernentati B_ process, the yeasts
separates off at the bottomor in the hopper of the
fernmentation vessel. The green beer obtained during
main fermentation is preferably cooled down and

subj ected to secondary fernentati on whereby the
residual extract is fermented and the beer preferably
clarified. During fernentation, the taste of wort
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“Malted drink” should be understood to be a slightly hopped, carbon dioxide-
containing and dark beverage with a predominantly malt-aromatic taste of malt
sweetness which, moreover, is low in alcohol to free from alcohol. Preferably,
the maited drink is brewed with approximately 7 - 8 % original wort from the
malt content. After filtering, it is adjusted preferably with sweetening sugars
{glucose, sucrose) to 12 % of original wort (approximately one third of the
original wort). ' '



characterised by a mld acidic taste which
corresponds approxinately_ig_that of Berliner \WiBe
beer. -12- In a further preferred aspect of this
enbodi nent, it is provided, for exanple, for. the
~fernentation to be carried out using S. cerevisiae
and/or S. diastaticus and/or Schizosaccharonyces
ponbe and a representative of Acetobacter. The
speci es of Acetobacter conprises, in the narrower

Becgrggéggﬂbi;ebeﬁ%\%of %‘?Oﬁ i%@ aceHs% lg%?gﬁ) ali)@t@ hgﬁggf%wﬁir? nal
sugRh S ecolnsE, ST P SESTERINg Slisrglh Sl OHerdalctideip isa!
staﬁﬂﬁ?,rsdiMbﬁitwwuamgﬁst huﬁcagimgﬁdi&@fff)an@sg iav;EEWeaamhig her
. L iLcn | [ I fferen romthe
progtip B B Mheier B SRR LN LR UGty obaci 11 us.
In a further preferred aspect of this enbodi nent, it
A ftji’tﬁepsmﬂ‘édﬁdaﬁéﬁt gxaaielogioly stdidlidet) mbridabesrbdverdfe
fl

.carri i . Cer evi.si lor. S. diastaticu
whiffeargingdHe niBtebdichl SlEoDlsAR O abaipad Lo e hghon
andaft ledst coadbalerecompEheniceicied éom sximstdhokherbs, atoena
comRBnHE G icile, SRl Bnfihd 8Pl PRy dofus? fuft ccffibonents
such aadniitdeirsl frei flast.drdt pulpradruieexisacss, saar. suges substitutes
suctP ¥ 8La8esIcBROMURRShdVe EesidAare AwAfRt NBBlIRd Sri@dl @thanol).

hav? a pleasant acidic taste, Consequent]|) suq ect ..
Prefgral le_,rthgfrmgcﬁﬁ %ﬁgéggﬂgrqwl%ﬁ of eaqrg(goé@ogtca ’y stabilised
beeﬂwm@ihgltcgh@ ivientiontzall thesadedstenewlitabr campbaent.
~ produced according to the process described above

nd which is preferabl roduced according to this
“Her %@%@eﬂﬁs’éﬂ%@é 9r+ﬁlq\é‘é$topg 19 magay %tf@PE?giSQM'Q%aI ly
ess@’gc@?iffdrﬁ @%ﬂlsmﬂpﬁ’érr:ttghgﬂeg@rfab? g@ih@,: vageﬁa] résiestinging nettle,

etetl C eer A Il ZDl er or

olacibisg e eRosanBBiry fean/ds, fngl RRY S sFaniied a9ose 8575 ng
ginseng foschipy aitisaus. fldwers, prspbernyddaved) adilgrbatry, hops, Qikger,
, _ ; A s | |
S-S P ARSNGB WAL Kyl R leeaer,
lemen awEssi Bwdoraw, Badowe balin, aigsie?, fappemEdr margald ed
roseﬂﬁdrg,kéerﬁlh@ﬂ!nqlf&ﬁ HASEr BlOQh thhrPfnén gtd.ght |y hopped,

carbon di oxi de- containing and dark beverage with a
. predominantly malt-aromatic taste of malt sweetness
Fruiiispaponepie sherid be ungarstaod fe o1esn indartiedan: fih extracts,
ref@lz68Pdm dpié€ Hllanas, bESrsPIHbpl, idtndss, Rra¥eruvichBrry,
P a rox',rmtpglﬂ;?- S%Erggrﬁal ﬁgrt fro$ntEje .ry
sour cherry, limes, lemons, passion fruit, peaches, sea buckthorn, raspberries,

strawberries, blackberries, redcurrants, gooseberries, kiwi fruits etc.

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

The colorant componenis are preferably colorants of plant origin such as
carotinoids, flavonoids or anthocyans, colorants of animal origin, inorganic
pigments such as iron oxide pigments, products from enzymatic and non-



malt content. After filtering, it is adjusted
preferably with sweetening,sugars (glucose, sucrose)
to 12 % of original wort (é%broxin&tely one third of
the original wort). -13- Because of the advantages
of isomaltulose in conparison with conventiona

sugar, i.e. sucrose, such as little sweetening
strength, higher mcrobiological stability,
suitability for diabetics, anticariogenic properties,
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in particular: fruit extracts, preferably from

PraciRRl 88ampRiRanas, pears, pi neappl e, oranges,
grapefrurt, cherry, sour cherry, lines, |enons,
passion fruit, peaches, sea buckthorn, raspberrles

Thednventiserwil b exilaiorpén furder detait by thafallowing examples.
gooseberries, kiw fruits etc. Preferably, it is

' or the mxed beer beverage to contain
The@@tﬁYég%@ nature-identical odour-bearing substances

and/ or flavourings as aronma conponents, such as
Figues de gdnadltddse chHncentrdtimnt Hedoref and aiteiobuBation Withs
orga%isms harmful to beer;
Figure 2: Isomaltulose conceniration as a function of different stability factors;

Figure 3: Isomaliulose concentration in samples incubated with S. cerevisiae
Mdd 2;

Figure 4: Sugar spectrum analysis after seven day incubation;

Figure 5: Acid concentration as a function of the micro-organisms selected;



peppermnt oil or clove oil, fruit essences,
aroma-conferring fruit jU|ﬁss ani se, nenthol,
eucal yptus etc. The colora conmponents are
preferably colorants of plant origin such as
carotinoids, flavonoids or anthocyans, col orants of
animal origin, inorganic pignments such as iron oxide
pi gnents, products fromenzymatic and non -14-
enzymati c browni ng, products fornmed by heating such
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produci ng a pleasing appearance of the m xed beer
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N " Figure 4: Sugar spectrum anal yS| s after seven
(SMyay i ncubati on:

Example 1: Metabolisation of isomaltulose in the model medium

1.1 Model medium

The model medium was prepared as follows: 50 g of isomaltulose were
dissolved in 500 ml of doubly distilled water; 6.7 g of yeast nitrogen base (YNB)
were dissolved in 500 ml of doubly distilled water; 5 ml of the isomaliulose
solution were autoclaved in test tubes with Durham fubes; the YNB solution was
autociaved individually, subsequently 5 ml each were pipetied into the
autoclaved test tubes that had already been filled with 5 ml of isomaitulose
solution.

The parameters of pH value, alcohol content and absence of oxygen were
adjusted in a first batch such as they are present in the bottles/racked beer: 5 %



Figure 5: Acid concentration as a function of the

m cr o- organi sns sel ected; ;l15- Figure 6: Taste
assessnment of mi xed beer bevVerages made from basic
beer and | enonade (ideal taste note: 3): basic beer
= Pilsen (Figure-6a), basic beer = dietetic beer
(Figure 6b), basic beer = alcohol-free Pilsen (Figure
6d), basic beer = Doppel bock (Figure 6¢). Figure 7:
Proportion of aroma conponents after fernentation of
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Figure 10: |sonaltul ose content after fermentati on of
ggel media with bacteria. The value range of 5 %
Tab ve and below the initial value is highlighted.
Figure 11: Turbidity devel opnent in contam nated
m xed beer beverages with sweetening agents sucrose

Fac (Suc)rsomatturose (Pat ) or, rener m xture (Sm
ac angl es of neasurenent of Vgﬁr’(? 25. Figure 12:
pH Swel ling of PET bottles w t@@quamnnatg_ed;m xed beer

hovor naoc

t+h . +hpo
e veTagts wtA—thne—sweetemers—suerose

Contand whbttier eo@poRads or sweet 6%20@&14950@(#) Exanpl e
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20 % solution: 1 mg of the solution contains 0.2 mg of isohumulones
10 mg of the solution contain 2 mg of isochumulones;

Dilution 1:20: 10 mg of the diluted solution contains 0.1 mg of
isohumulones; 10 mg of the solution (0.1 mg of
isohumulones) added to 10 ml of the model solution
correspond to 10 mg isohumulones per litre.

The alcohol content was adjusted to the respective concentrations using 96 %
non-denatured alcohol.

The tfest tubes incubated in an agrobic atmosphere were closed with a cotton
wool stopper, anaerobic samples were also closed with cotton wool stoppers
but incubated in an anaerobic vessel.




al cohol content (ethanol), pH value 4.5 and
oxygen-free incubation (anagerobic vessel). In
further batches, the growthtinhibiting factors were
varied in each case, conpare table 1. Table 1:
Factor Set values pH 3.6; 3.8; 4.0; 4.2; 4.4 Content
of bitter conpounds 10; 20; 30; 40; 50 ng/l

(i sohumul ones) Al cohol content 4.5; 5; 5.5; 6; 6.5 %
by vol. The untreated nodel nedium has a pH val ue of

1.2 5 MicrYsdrg9nity M of the nodel solution, the
.1 normal sul phuric acid were

deternmined as being 0.05 nole/l which were required
A groop aflmisto-oigeniseoe searseleied athicks areSeithshrkniown tadiadharmful
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sol uti on contai ned approximtely 0.1 ng of
TableSehunul ones: 20 % solution: 1 ng of the solution
— contains 0.2 ng of isohumulones 10 ng of the

solution contain 2 ng of isohunulones; Dilution

1:20: 10 ng of the diluted solution contains 0.1 ny
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al coHol content was adj usted t doftdieohad epediap/bitter
concentrat| ons usi ng 96 % non-gtgnpdjwn@ al cohol . The
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cl ose’daWPﬁC[HU%QfQ% wool st ofpeReroRicagrows i henp

were lal so cl osed with cotton wi¥esetegpaiecohaand hf’p bitter
i ncubat ed i n an anaer obi ¢ vessalOMmpQaumas] very frequem beer
M crqg- or gani sms A gr oup of m crspcmlegam srrB vvas

sel eqlsﬂe hcn are girher Kno
peer [MFSBRRIGAGISYRE i 1 i 1y iIHSNCETRR 3%@
utililsing i somal tul ose. The ~ Presence oi alco Ol ana hop bitter
compounds
Pectinatus frisingensis Highly anaerobic, grows in the
' presence of alcohol and hop bitter
compounds

Schizosaccharomyces pombe Ferments isomaltulose rapidly and
compleiely, apart from other
sugars

Saccharomyces diastaticus Capable of fermenting dextrins
(so-called superfermentors)

Saccharomyces cerevisiae MJJ 2 Fermentis isomaltulose rapidiy and
- lcompletely, apart from other
sugars

The micro-organisms were cultivated in 100 ml of nutrient broth, subsequénﬂy,
washed with isomaliulose solution and resuspended in 5 mi of isomaliulose
solution. The test tubes were incubated with 0.5 mf of the resuspended solution.
Incubation tock place at 26 °C.



m cro-organi sns are shown in Table 2. Table 2:
M cro-organi sns Beverage s %|Iage potenti al
- Pedi ococcus dammosus naero grows in the presence
f al cohol and hop bitter onpounds Lactobacillus
brevis naerobic, grows in the Tresenceof alcohol and
hop bitter onpounds; very frequent beer spoiler
Megasphera cerevi siae Hi ghly anaerobic, grows in the
. resence of al cohol and hop bitter onpounds
1.3Pectididdds frisingensis Hi ghly anaerobic, grows in
the presence of al cohol and hop bitter onpounds
Schi zosaccharo onbe Fernments isomal tul ose
The eguarepcard tur@ars%m 09s fapwtionfwamevalnated inghgdest tubes
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dextrins (so-called superfernmentors) acchar gnyces
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sol ution and resuspended in 5 n of isomaltul ose
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The content of Esomaltufose was determined by the reduction of 3,5-
dinitrosalicylic acid to 3-amino-5-nitrosalicylic acid. This produces a colour
change in the solution from yellow to reddish brown. The concentration of a
reducing sugar can be determined quantitatively by photometry on the basis of
this colour change. Since isomaltulose is the only sugar in the test medium (in
contrast to real media such as wort), it is possible by means of the DNS method

" 1o determine the concentration of isomaltulose before and after incubation.

30 g of K-Na tartrate were dissolved in 50 ml of distilled water and 20 mi of
NaOH (2 mole/l) were added. 1 g of dinitrosalicylic acid (DNS) was introduced
into the solution with stirring. Subsequently, it was made up with distilled water
to 100 ml. '

0.25 ml of the solution to be examined were placed into a test tube and mixed
with 0.25 ml of the DNS solution. Both solutions were heated together for five
minutes in a boiling water bath. After cooling, 9 mi of (distilled) water were
added and after mixing, the absorption at 546 nm was measured. After
adjusting a straight calibration line it was thus possible to determine the
concentration of isomaltulose in the model solution before and after incubation.

ft was found that a straight calibration line determined had the best accuracy in
a concentration range of less than 1.5 % sugar in the solution. Correspondingly,
the samples to be measured were diluted before the measurement in a ratio of
1:5 in order to reach the area of the best possible accuracy with a theoretical 5
% of isomaltuiose (before incubation) in the solution.



The occurrence of turbidity and gas formati on was
eval uated in the test tube
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I ncu
Sacchmromyces diasta’ucus only the turbidity development was observed

without accompanying gas formation. This is unusual for a fermenting yeast.
Pectinatus frisingensis and Megasphera cerevisiae were able 1o develop
turbidity under anaerobic conditions, and in the case of Lactobacillus brevis and
Pediococcus damnosus, no signs of growth developed.

[=

i

~sol uti on
that a

%

- The parameters of turbidity development and gas development were
documented visuaily over the incubation period. The resulis observed are
illustrated as follows:



1.4 Results Table 3 shows the results of the visual
growm h assessnent on the b §|s of the paraneters of
turbidity devel opnent and g s formation (n.o.: not

observed, +: turbidity and/or gas formation, -: no
turbidity or gas formation). Table 3: H 4,5 al cohol
anaerobic ol./vol. Schizosaccharonyces + + ponbe

Saccharonyces cerevisiae + + MJ2 Saccharonyces
di astaticus + + + Lactobacillus brevis - ‘Pedi ococcus

1.499P88 6 iR Breat Uachbhelng %Pédr@ MeBasphdla ceravisiae,

era cerevisiae n.o. + ASsessed accordi ng
Pe‘{}%g? e;;"ﬁ”}g?é’ﬁsa of turbidi ty devel opnent and gas
formation, growth occurred with all yeasts under all
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formaige, Qegps Wsteﬁ‘é - accorrpany| ng gas formation. This is
unusual for a fermenting yeast. Pectinatus

14@3@1;2&%]‘1& égekg&ﬁggera cerevisiae were able to
devel op turbidity under anaerobic conditions, and in

the case of Lactobacillus brevis and Pediococcus
Afteg antyos frsy daws sthgrfermatianr elwgas wesaihneedd iNfeome batches.
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1.4.3 Saccharomyces diastaticus

This yeast formed a slight turbidity in the course of the first week which
increased in intensity in the second week. Obviously, the formation of turbidity
was delayed by the alcohol concentrations of 6 % and 6.5 %. Similarly, at the
pH value of 3.6, a developing turbidity was noted only three days afier the
formation of turbidity was observed at higher pH valuss. It appeared remarkable
that large parts of the forming cell mass settled on the surface of the liquid. This
applied both to the aerobicaldfy and anaerobically incubated batches. In none of
the batches did the yeast form gas within three weeks. In the course of the
second and third week, the yeast had sedimented cdmplete!y except for the cell
substance adhering to the glass at the surface of the liquid.

The observations under the microscope of both the yeast cells present at the
edge and those sedimented at the bottom shows a large prbportion of unusually
small cells. After applying a smear of harvested small cells onto wort agar, celis
of normal size were again observed. The conclusion can be drawn from this that
Saccharomyces diastaticus has a tendency towards stunted growth in the case
of isomaliulose present as only available source of carbohydrate.



formati on of gas observed. 1.4.2 Schizosaccharonyces
ponbe After only a few dayf the formati on of gas was
observed in sone batches. hovvever, judgi ng by the
concentrations of the different paraneters, no
regularity could be observed. After one week's

i ncubation, the maxi num anount of gas to be detected
by the Durham tubes had been formed throughout, and
in sone batches, the yeast had begun to sedi nent.
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1.4. 5 TVes esh&aBtdiiogel | s onto wort agar, cells of
_ normal size were again observed. The concl usion can

be drawn fromthis that . Saccharonmyces di astaticus
In Figgee 3, theraemealiulosaonsestraigrsawiirek incubatiatearg fwsester
threé mb E’f %ﬁ@@bwigéﬁﬁﬁficﬁﬁ%@@m ;ﬁégérlvaﬂbﬁ fQSHFs; ;%ie,tﬁrmir;v%d by
car bo rate, -21- . charonyces cerevj.si ae
DNS35%0, Bt Musisaiect Tos el dpi Paltnes Lo BaBiatn et Palich gt
pres@nggioayactons, theeeweeks imdubation kit @6t )up to the :
begi nning of the second week, the formation of gas

With%%%cggﬁ%% HF ﬁ}ﬁt g%f,qglgg ? r%@b%}eg&ﬂrﬁhSSec%?znodsa\g%ﬁgr'on!ches pombe
and Saccharomyces cerevisiae MJJ 2, all the values are within a range of
variation of less than 5 % around the measured concentration of the model
solution without incubation.

This is interpreted to mean that only the yeasts Saccharomyces cerevisiae MJJ
2 and Schizosaccharomyces pombe were capable of degrading isomaltulose in
an anaerobic atmosphere without added preservation factors within the period
under consideration. Saccharomyces carevisiae MJJ 2 reduced the
isomaltulose content in the mode! solution by 26 %, whereas
Schizosaccharomyces pombe was able 1o completely metabolise isomaltulose.

The bacteria investigated were incubated only anaerobicaily, a degradation of
isomaltulose was not detected in any batch. The yeasts were also incubated



obviously did not inhibit the growh of the yeast.
Reduci ng the pH val ue al so,. remai ned w t hout

growt h-i nhi biting effect uggfo a value of 3.8. At a
pH val ue of 3.6, gas and turbidity devel oped only by
the m ddle of the second week. By adding hops, the
devel opnent of turbidity and the formati on of gas was
al so delayed until into the second incubation week.
The formation of gas seens to be lower than in the
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third week, the volunme of gas fornmed remai ned | ower

t han t hat of t he aerobic sanples. 1.4.5 Ove
Figuiens phRwaisosmalitioss QQP%Q@ra’flOﬁé ‘F%%?FHP@ LEH}’dQ@ DNS method in

the %@ﬁfiﬁﬁ m@&b@m Wi E‘}g@bham%blcﬁ@staﬁ@w hasgn #bhRE of the
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meah valsies af Hb fidlera preberviative fmdolsanaer obi ¢
i ncubation, without preservation factors, three
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vallRSMHbURT BS @bHaidcesd baRt £5 § tnnkhi n the period under
consi deration. Saccharonyces cerevisiae MJJ 2 reduced

the i somal tul gse content in the nodel solution by 26
Figuge SAH@%%WWQM!Q@,@@W@W@@@W@d\Mstha@l‘ésmethod in -
the %Qﬁ?yle%tlﬁbubéféﬁafﬁm s&eché@ﬁglcbgIdé?@ns:aébmbeqwana:aiues of
h [ nveit [ % gq{ [ o@@é anaer obi cal % bi
the SEIGFRYRIECtAT SATIES, SBHRIIEH Vo BeUGRIENE CRIBPRSWth 2Ragrobic
incubatioh at PBeCQyeast s vvere al so incubated -22- -

aerobi cal l'y. Under aerobic conditions,

o R L B B 5 2Bk R TS hSon
an adrbbiceneesphatd Wz in the absence of oxygen. It can be clearly
recognised in the figure that the variation of the pH value and the addition of
alcohol within the scale examined here are not capable of inhibiting this yeast
during the metaboclisation of isomaltulose. However,'the isomaltuiose utilisation
is obviously rendered more difficult for Saccharomyces cerevisiae MJJ 2 in the
presence of hop bitter compounds and in the absence of oxygen.

Example 2: Corﬁmeroiai dieletic beer to which isomaitulose has been added

Isomaltulose was added to commercial dietetic beer (Henninger Diat-Pils) in a
quantity such that the content of the real residual extract was 4 % wt./wt. In this
beer, all beer-inherent selective factors are present in combination. The
isomaliulose-containing dietetic beer was then incubated with the test micro-



Figure 2 shows isonal tul ose concentrations neasured

by the DNS nethod in the npl es i ncubated with
Saccharonyces diastaticus ?ﬁean val ues of the series
after three weeks incubation at 26 C). The results

are illustrated as nean values of the different
preservation factors. Saccharomyces di astaticus
exhibited the ability of netabolising isomaltul ose

al so under aerobic conditions. In this series of
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i somal tul ose utilisation is obviously rendered nore

Tabi4ficult for Saccharonyces cerevisiae MIJ 2 in the
presence of hop bitter -conpounds and in the absence
of oxygen. Exanple 2: Commercial dietetic beer to

whi ch has been _added | somal.tul ose was_
addedEtetbet rdusisamatidose, bearbidibeafionGedays)
D at l?ldcabat&zmw&h quantity such that the content of

t he rEal—residual—extract—was—4— 9% wFw—Fn—thits

beer, gQP?th@EWGPﬁﬁjé?%ﬁFC‘é%I ectifve factors are present
in cog‘gbé}@érbﬁﬂcegl&gré\gggglmm 9<4e_,_ containing dietetic

beer AR \o toct m c¥-6 23
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or ganPshigosachepP@yees papiae 2) for seven days at 26
C. The igsh éﬁ{é’ﬁﬁieﬁ{@%d acconpani ed by analysis, Dy

anal yzI'ig WO the heers according to the
Pediococcus damnosus -

Megasphera cerevisiae ++

|_actobacillus brevis -

Within the period observed, Pediococcus damnosus and Lactobacillus brevis
did not exhibit any growth (turbidity of the sample), Schizosaccharomyces
pombe and Saccharomyces diastaticus produced only slight turbidity.
Saccharomyces cerevisiae MJJ 2, Pectinatus frisingensis and Megasphera
-cerevisiae were capable of developing strong turbidities.



rules for nethods of analysis for brew ng technol ogy

- of the Mttel europai schen Anal ysenkomm ssion e.V_
(Central European anal yti ¢at conmi ttee) (MEBAK) and
t he sacchari de spectra were neasured additionally.
The isomaltul ose wutilisation was determ ned by
anal ysi ng the saccharide spectrumand acid spectrum
since further reduci ng sugars, apart from
i somal tul ose, occur in the actual solution of beer.

FigLﬁéf@érﬁ%Wé&meaﬂf fé%gbté} bbthd Qﬂgér?é_*iﬁcm;tﬁf andl g@%%ﬁ@ﬁjd}@ét% beers
separ at.ed o - menhrape filtration . in
afteg)g%éqn ?"E‘)V%I‘Qﬁﬂ?@éoa ag%é%lla‘e state. Measuri ngpt he aci d

spectrum and saccharide spectrumwas effected by the
B Com Y R ICRE Deer WiLowr addrion of PaRidiubse).
nong i i 308V Er0 Sresas DK Gatseaeg iy nottiGabi low:
moléwfibir slidars ate préseribitierejn. Inthe nsfﬂimg)a:tem Uieﬂ%t_ﬂglbeer to
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whictERpBetyicsS B o Ehindo TR cPRR R Rae hbledgthtitnorely in
trace gparafrogu2.$ g/Saldsbmeadnipses Icthednrebaiedipers, with the
R A
isomalisieasaeonganiralipas s initignpantnelbaied bgeowess famnd within the
rangeesf mé%usa@%ﬂmw@réﬁ%mmé@hldg@ebmm% < glog),

not tgxhl bit an ggwt!h (turblg_lt 0 he sanBIeg). Vi
Meagyifg %&88@%@%}% glieHRs2a0 fUBiRsEupISPEREd again only in
the deasihatbated withoSolsiedsasdharsinygbs gbm‘d@ ¢th Teble 5, the
: r c a , , .
oA SRR AfhE L Hed el dipe e et Zpesnpnging ratio
to thefindiey ebgEmmtistrasadliusirabedl ti es. - 24- Figure 4 shows
the results of the sugar spectrum anal ysis of the

Tabgi§t etic beers after seven days' incubation at 26 C
' ‘t he zero beer (= conmmercial dietetic beer wthout

addi tion of isonaltulose),

Sample - . Isomaltulose
concentration afier
incubation ( %)

Commercial dietetic beer, unchanged 0

- ICommercial dietetic beer + isomaltulose (= H+P) 100

H+P incubated with Saccharomyces diastaticus 100

H+P incubated with Saccharomyces cerevisiae 100

MJdJ 2 ,

H+P incubated with Schizosaccharomyces 83

pombe

H+P incubated with Pectinatus frisingensis 100

H+P incubated with Pediococcus damnosus 100

H+P incubated with Megasphera cerevisiae 100

H+P incubated with Lactobacillus brevis 100

After separating off the micro-organisms by membrane filtration, the initial
concentration of isomaliulose was still present in all the inoculated beers. The



none of the anal ysed sugars was found. Consequently,
no utilisable | ow noleculgt sugars are present
therein. In the non-incubated dietetic beer to which
i somal tul ose had been added, fructose and gl ucose
were found nerely in trace, apart from22.5 g/l of

i somal tul ose. In the incubated beers, with the
exception of the beer incubated with :

Schi zosacchar onyces ponbe, the sanme isonaltul ose
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filtration, the initial concentration of
In Figaan®] thel reselisvebthet adid speelsemt analysis lar¢ tebe fomd. athed
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concentrations. Only in the samples incubated with Pectinatus frisingensis
slightly elevated contents of succinic and acetic acid were found in comparison
with the non-incubated samples. The values, being 0.3 g/l, are low. With
respect to the content of lactic acid (lactate), it deserves to be mentioned that
this has decreased in the samples incubated with Pectinatus frisingensis,

- Pediococcus damnosus and Megasphera cerevisiae in comparison with the
zero sample. Obviously, the lactate was metabolised as a resuit of the lack of
utilisable substrate, a process described in the literature, in the course of which
lactate is utilised as substrate for gluconeogenesis. In the sample incubated
with Lactobacilius brevis, the same content was measured as in the non-
incubated sample. Consequenily, neither lactate was metabolised nor was it
newly formed by the metabolism of the bacterium. This is taken as a further
indication of the lack of metabolic activity of this bacterium.

Example 3: Production of “dietetic beer”

“Dietetic beer” should be understood fo mean beer in the case of which, ideally,
only isomaltulose is present as carbohydrate in the finished product.



Schi zosaccharonyces ponbe. In this case, a decrease
by 17 % occurred and neasg%able concentrations of

gl ucose and fructose, the eavage products of

i somal tul ose, were again found only in this case.
Consequently, the cell growh  detected on the basis
of the devel opnent of turbidity occurred only in the
case of the yeast Schizosaccharomyces ponbe on the
basis of isomaltul ose. In addition, the pH val ues of
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prodegken as a further indication of the |ack of
met abolic activity of this bacterium Exanple 3:

LA s el i< bl e S Tap ik
yeast%charomméa/caﬁsbm engm $1 telgent 1®sSC. Towards the end
of fete R%I}Sﬂr Hcte r@péﬁ?u vUé& Pae Qeé) grlf.’j%"r to degrade the extract

content of the wort as far as possible. The hose transfer took place after
reaching the predetermined atienuation limit.

The test series was accompanied by analyses by which the worts and beers
were analysed according to the methods of analysis for brewing technology of
the Mitteleuropéischen Analysenkommission e.V. (MEBAK) and the saccharide
spectra were additionally measured. With respect to the aroma of the beers, the
contents of selected aroma-active esters and higher alcohols as well as
acetaldehyde were measured. Moreover, the acid contents of the finished beers



-26- Since it is of decisive inportance when
produci ng dietetic beer to ?a intensively, a
mashi ng process was used &8 an exanpl e which strongly
enphasi ses the tenperature opti nuns of the
starch-degradi ng enzynes of the malt: - mashing in
at 50 C, 15 mn rest - heating to 55 C (1 ¢ mn), 30
mnrest - heating to 62 C (1 Cmn), 45 mn rest -
heating to 65 C (1 Cmnmin), 45 mn rest - heating to
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not completely convert the carbohydrate of the malt into fermentable sugars:

- mashing in at 62 °C; no rest

- heating to 66 °C (1 “C/min), 30 min rest
- heatingto 72 °C (1 °C/min), 20 min rest
- heatingto 78 °C

- mashing off

By replacing approximately one quarier of the original wort by isomaltulose at
the time of boiling, the subsirate available to the yeast is to be reduced.
Consequently, a beer can be produced which, compared with conventional full
beers, contains less alcohol. As in the case of dietetic beers, the addition of
hops takes place to 30 mg a-acid per litre of finished wort.

The main fermentation process took place without pressure using the bottom-
fermenting yeast Saccharomyces carlsbergensis MJJ 11, at 12 °C. The hose
transfer took place with an exiract content which was approximately 1.5 %
above the expected exiract on final fermentation. -



contents of selected aronma-active esters and hi gher
al cohols as well as acetatggbyde wer e measur ed.
Moreover, the acid contentS of the finished beers
-27- were determ ned analytically and the finished
beers subjected to a taste assessnent both in
conparison with each other and as an eval uation. No
i mpai rment of the sensory characteristics such as
quality of the aroma, quality of the taste,

TheralcanedaHyiesanallsiv eheaampddvaeal hxd aforhAspbLiiter
taste %g:luét er ng\i%) came to light in the dietetic

CorrgeRPNAR EYB&ording to the invention. In many
cases, the dietetic beer according to the invention
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. Diat-Pils in this case),., Exanple 4: Praduction of
inverjoR exkis f}%w&%ﬂ“%‘%‘%ﬂ‘ﬁl}? S@&EB%Q“@QPE@"% In many cases,
the alcobbhkftbe Weet asserdirgploaibedniynticsonas prefesed so&hotvhaticohol-
freell%ﬁeg‘ al cohol is formed during "normal " fernentation
cofMpared with a conventional full beer. During the
process described above in exanple 3, mashing was
Exaoasle 5ed Peodiudtion sftatalizdwdrinid’ hat as hi gh a degree of
fermentation as possible could be achieved. A high
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as fcaexmhpdrét e of the malt into fernentable sugars: -
mashing in at 62 C, no rest - heating to 66 C (1

m.n),.30.mn rest .- heati to,72 C (1 C/ mn), 20
in offe 1§ B 185, Bab iR 1 HBRET A ereogfon for
Malzleipt, dbé folcarppg oxaitmedixdlise eae usedrt er of the ori gi nal
wort by isomaltulose at the tine of boiling, the
substrate available to the yeast is to be reduced.
Coaéeﬁﬁ:sélﬁ?r‘ﬁaig beer can be produced which, conpared
- Wi BB %diweichinoathl ful | beers, contains |ess al cohol.
- Asopry Gasge of dietetic beers, the addition of

hoggoggi?g‘ p e to 90 ng a-acid per litre of
T fi AVSRER' A PAN The main fermentation process took
pl ace wi thout pressure using the bottom :

The original wort was adjusted in such a way that half of the extract was
obtained from the malt whereas the other half was added in the form of

isomaliulose (crystal sugar) to the boil. In total, a 12 % original wort was
adjusted. The addition of hops tock place to 15 mg a-acid/! finished wort.

After separating off the hot break, the malted drink was filled into a keg and,
after cooling, a little yeast (Saccharomyces carlsbergensis MJJ 11) was added.
After a contact time of half a day at 0 °C, the yeast was largely separated off by
transferring it under pressure to another storage vessel. This type of
fermentation is modelled on the so-called cold contact process. After two weeks
storage, filtration and bottling/racking took place.



fernmenting yeast Saccharomyces carl sbergensis MIJ 11,
at 12 C. The hose transfeé took place with an
extract content which was Bbroxinately 1.5 % above
the expected extract on final fernentation. -28- The
acconpanyi ng anal ysis (according to MEBAK and

aroma- specific) corresponded to Exanple 3. As shown
in Exanple 3, the al cohol-free beer produced
according to the invention exhibits no inpairnment of
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mal, t '_I'h 0| naI wor t was, adj usted in such a way
2 S0 WS EIHSR ned fromthe malt
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the yeast was |argely separated off by transferring
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beverages):

» a Pilsen beer in order to simulate commercial mixed beer beverages.

» adietefic beer with a very low content of residual carbohydrates. Due
to the fact that inherent utilisable carbohydrates are largely absent,
the sweetener of the lemonade part used becomes the decisive
factor regarding palatefulness. Moreover, there is no beer-inherent
substrate in the case of possible contamination.

¢ an alcohol-free Pilsen. The mixed beer beverage produced therewith
does not contain the selective factor of alcohol, the influence of
alcohol on the palatefulness of the mixed beer beverage is also
missing.

e a Doppelbock. In comparison with full beers, this has an elevated
alcohol content and, on the other hand, an elevated residual extract



storage, filtration and bottling/racking took place.
-29- The malted drinks thug,obtai ned were assessed
both fromthe sensory point~of view and analytically
(according to MEBAK and aroma-specific) as in Exanple
3 and 4 and conpared with commercial nmaltbeer. As in
Exanples 3 and 4, the malted drink produced accordi ng
to the invention also showed no inpairnent of the
sensory characteristics. In many cases, the nalted

dri nk cageet dinitth, 9 atiBgioh & €8 S@@et@@a@r %ﬁi Hd lethdriade,
known, conme Producti on of

i xedbb%saﬂt%@@gﬁﬁgaw%p@s%ke RIS a1 or oot

m xed beer beverages were nmade from beer conponents
ThedBshonh8ERRAO0RS %@ﬁ@hsﬁ ﬂé\/cﬁxr%(?lsienﬁ o@érﬁefddm mae Rgoma

frony jich e 021 JIPE0SE! a88 i feich IRE S b s g as

swektdrieosd ng four different types of beer were sel ected
(also with respect to subsequent tests of the
bi ol ogi cal stability of the beverages): a Pilsen
beer PHC'GFBer to sinulate conmercial m xed beer
beverages. .a dietetic beer with a very | ow content
of o emoptiiyiggy, bohydrates. Due to the fact that
i nherent utilisable carbohydrates are |argely absent,
t he sweet ener of the | enonade part used becones the
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m xed beer beverage produced therewith does not
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The weighed ingredients were brought to solution in brewing liquor.

The variation of the different sweeteners and the beers gave the following test
batches of mixed beer beverages:

Table 6:

12 experimental batches for beer-lemonade mixed drinks

Pilsen Isomaliulose Dietetic Pilsen  [lsomaliulose
Sucrose Sucrose
Sweetener Sweetener

Alcohol-free Pilsen |Isomaltulose |Doppelbock Isomaltulose
Sucrose Sucrose
Sweetener Sweetener




content which, in addition to the sweetener fromthe

| enonade, presents a subsé ate for possible

contanmi nants. The | enonadé Lart was nmade from a
flavour systemw th Ienon-linme aroma fromWId, item
no. 3-110050331 and citric acid. The foll ow ng were
used as sweeteners: sucrose, isonaltul ose,
sweetener mixture fromWId (Sweet Up; consisting of
cyclamate, saccharin, aspartame and acesul fame K).
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pres%ﬁf(éeﬁﬁ%} old SRHBBEVIRNOY - Bglighes for beer- | enonade

senlso ose !Dietetic Pil sen
| somal tul ose Sucrose | Sucrose Sweet ener Sweet ener
6.2 Byajodlion free Pilsen |somal tul ose Doppel bock
| somal tul ose Sucrose Sucrose Sweetener Sweetener
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viewIThe@Heviating sample was to be determined and the respective preference
recorded. The preference was taken into account only in the case of the right
allocation of the deviating sample. |

In addition, taste assessments were carried out with the mixed beer beverages
produced. A separate plan was used for this purpose. By way of the ‘
assessment, a differentiation of the tasie Empressions was to be attempted as a
function of the different sweeteners in the mixed beer beverage. Of decisive
importance was the sweetness faste impression which, like the other
~characteristics, could be assessed positively as well as negatively. Apart from
the sweeiness, the following assessment criteria were available:

Palatefulness, bitterness, fruitiness, acidity, harmony (sweet-acid ratio) and
refreshment. The verdicts were divided into grades of 1 {0 5, “3” representing
the desired value. Values above were taste impressions which were too intense
such as e.q. "too sweet”. Values below “3” were laste impressions which were
foo weak such as e.g. “not sweet enough”. Consequently, the taster also had
the possibility of assessing even the quality of the individual criteria more
accurately. The assessment of refreshment was graded only from 1 to 3, with 3
meaning “refreshing” and 1 “not refreshing”. Finally, the overall quality was
assessed: integers from 1 (= poorest result) to 5 (= best result)).



~and subsequent |y carbonated. Carbonation took place
by introducing CO2 throughsthe |iquid channel of the
di spensi ng head. To bond , the kegs subjected to
a gas pressure of 1.8 bar were stored at 0 C for 24
hours. The keg pressure after cold storage was 0.8 -
0.9 bar. 6.2 Evaluation Triangular taste assessnents
with preferences (according to MEBAK) were carried
out with 10 tasters. Using the same basic beer, the
6.3valenits wWith different sweeteners were tasted in
conparison with each other. This had the purpose of
fi out whjc etener was preferred fromthe
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Resul t s
Table 8:

Analysis of the basic beers used

Pilsen  |Dietetic |Alcohol-free Doppelbock
Pilsen  |Pilsen

Original wort %o by wi.11.23  19.32 5.27 18.65
Alcohol content [% by vol.5.02 4.83 0.41 8.46
Extract, % by wt. [1.76 0.01 4.46 3.47
apparent

pH value 4.35 4.56 4.35 4.72

Bitierness units BU 31 19 26 25




6.3.1 Chemi cal technical analyses In the follow ng,

t he anal yses of the indiviguyal conponents of the

| enbnades are presented. Table 7: Analyse of the

wat er used to produce the | enbnade part. Total
hardness German hardness .5 Cal ci um hardness GCer man
har dness Residual al kalinity German hardness .924 pH
value 6.7 p value mvalue .33 Conductivity pS/ cm
17 After treatnent, the water is characterised by a
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resi dual extract. - The di et etlc beer contains fewer
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in the case of

Table 9:

Analysis of the mixed beer beverages using Pilsen as basic beer.

Isomaltulose * Sucrose Swestener
Extract, % by wt. 11.20 4.91 097
apparent '
Alcohol % by vol. 2.60 2.68 2.53
H value 3.39 13.39 3.41
Bitterness units BU - |15 15 (5

Table 10:

Analysis of the mixed beer beverages with the dietetic beer as basic beer.

Isomaliulose Sucrose Sweetener

Extract, % by wt. [10.27 4.01 0.14

apparent

Alcohol % by vol. 2.52 2.54 2.49
H value . 13.46 3.47 3.48

Bitterness units BU 12 11 12




contam nation with m cro-organisns harnful to beer
The pH values neasured verg neasured as being | ovest
in Pilsen and the alcohol-ﬁree Pilsen, the
Doppel bock had t he hi ghest value. The foll ow ng
tabl es give the analyses of the finished m xed beer
beverages. Table 9: Analysis of the m xed beer
beverages using Pilsen as basic beer. |somaltul ose
Sucrose Sweetener Extract, 'o by w. 11.20 .91 .97
Takeparent Al cohol % by vol. 2.60 2.68 2.53 H val ue
3.39 3.39 3.41 Bitterness units BU 15 15 15 Table
10: Analysis of the m xed beer beverages with the
Analysis of e Bixed hapriheyPEadRsawilh the aleaholiTes asSRsivBeer.
Sweet ener Extract, /o by w. 10.27 .01 0.14
appar ent Al cohol /o b vol. 2.52 2.54 2.49 H val ue

I'\II’I’\ 1.4

n A7 D 410 D H
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Tabl e_11: Anal ysi ¢ of the[|§P%R U988/ EiSfges \wweetener

the aErbhct -free & byasi.c[Ix8E. | songladil ose Sika0se
Sweet|gnsdrenExtract, /o by|w. 12.53 3,26 2.40
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12: pHvalue 3.49 3.52 3.52

Bitterness units BU 13 13 113

Table 12:

Analysis of the mixed beer beverages with Doppelbock as basic beer.

- lsomaltulose [Sucrose Sweetener
Extract, % by wt. [12.55 6.26 241
apparent e
Alcohol % by vol. 3.85 3.79 3.91
Hvalue 3.81 . 3.82 3.81
Bitterness units BU 12 1 12

The differences in the analytical values due to the different basic beers can
clearly be seen. Due to the citric acid of the lemonade part, the pH values of the
mixed beer beverages are all below those of the basic beers.

As a result of the dilution with lemonade, the bitterness units are approximately
half as high as those of the basic beers. As a result of this “halving effect”, the
influence of the lower initial bitterness of the dietetic beer decreases, the
bitterness values of the mixed beer beverages are all of a similar order of
magnitude. The alcohol contents of the mixed beer beverages were measured
in line with the basic beers; the beverages produced with the alcohol-free beer
contain less than 0.1 vol. % of alcohol and should therefore be regarded as
alcohol-free, like the basic beer. The beverages with the Pilsen or dietetic beer
used have an alcohol content of approximately 2.5 and slightly less than 2.7 vol.



Anal ysis of the m xed beer beverages w th Doppel bock
as basic beer. Isomaltulo Sucr ose Sweet ener
Extract, % by w. 12.55 3.26 2.41 [apparent Al cohol
'mby vol. 3.85 3.79 3.91 Hvalue 3.81 182 3.81
Bitterness units BU 12 11 12 The differences in the
anal ytical values due to the different basic beers
can clearly be seen. Due to the citric acid of the
| enbnade part, the pH values of the m xed beer
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I'n conparison with sucrose. The-
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determingg, Bevbasigdser heing thesamesen beer. Interestingly,
the basic beers of Doppel bock and the alcohol-free
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three sweeteners were the subject matter of the test, a total of thirty taste

assessments to be evaluated per basic beer resulted.

Table 13:

Triple glass taste assessment with allocation, mixed beer beverages with
different basic beers (15 correct allocations required for a significance level of
95 % (a = 0,05}

Pilsen Dietetic Alcohol-free Doppelbock
Pilsen Pilsen

Iscmaltulose 5 8 8 g
referred

Sucrose 2 5 g 7




t he al cohol -free beer obviously still contained
unfernmented residual extragt. The suitability for
di abetics of the dietetic Beer also |leads to the

m xed beverages wth the sweetener m xture (al nost
no calorific value) and the isonmaltul ose (|ow

gl ycem c index) being suitable for diabetics. 6.3.2
Taste assessnment In the tables, the results of the
triple glass taste assessnment allocation are

i1l usgbrefdrest 1 n which the preference for the
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erent m xe everages consequently differ

significantly, dependl ng on the sweetener used. O
In theheasesof themised beier bexerageswith Kictelipbeenas basiatweni thg.

isonaN o PEoNBMIRY BEGEFRE Wad pfBI8rred most frequently, the

sweetener-containing mixed beer beverage was least frequently found 1o be the
best. '

19 tasters of the beer beverage mixed with alcohol-free beer allocated the
corresponding samples correctly in the triple glass taste assessment;
consequently, 19 assessments were evaluated. When alcohol-free Pilsen was
used as basic beer, sweetening by the two sugars was preferred similarly
'frequently, both being considered as substantially better than the sweetener
mixture. ‘

17 assessments of the beer beverage mixed with Bockbier were used for the
evaluation. Sweetening with isomaltulose was found to be most agreeable,
followed by sucrose. Only one taster found sweetening with sweeteners to be
most agreeable in the case of this basic beer.

in sum, the sugars isomaltulose and sucrose were found to be the most
agreeable method of sweetening about equally frequently in the case of the four
different basic beers (isomaltulose was preferred slightly more frequently), the
use of the sweetener mixture was clearly preferred most rarely.



that containing isomaltulose 5 tines. 2 tasters
preferred the m xed beer ggverage sweetened with
sucrose with Pilsen as bastYt beer. In the case of the
m xed beer beverage with dietetic beer as basic beer,
the. isomaltul ose-containing beverage was preferred
nost frequently, the sweetener-containing m xed beer
beverage was | east frequently found to be the best.
19 tasters of the beer beverage m xed with

5.3.8licohol afsas ?2&% al l ocated the corresponding
inthe triple glass taste
assessment; consequently, 19 assessnents were
In Figuat Gatredresulie of Hiccevallatingtasit Eseessment arsdiisirated.
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(Figure 6d), there were hardly detected any differences worth mentioning in the
aroma profile. The beer swestened with isomaltulose received a slightly better
assessment for the parameters of fruitiness, palatefulness and harmony. The
acidity impression was perceived most strongly in the case of the use of
sweeteners although the sweetness impression was strongest also in this case;
in some cases, the sweeiness impression was perceived as being too strong.

In the case of the results of the evaluating taste assessment of mixed beer
beverages with Doppelbock as basic beer, it can be seen that the aroma
profiles of the beverages with this basic beer differ quite considerably from
those of the other basic beers. Both the palatefulness and harmony as well as
the sweetness impression go beyond the ideal assessment mark of 3, i.e. they
were assessed as being too pronounced or deviating from the ideal. The
bitterness, on the other hand, was perceived clearly less strongly although the



The aroma profiles are simlar also for m xed beer
beverages with dietetic ggsen as basic beer (Figure
6b). Again, the taste inpr&Ssions of bitterness and
acidity are nost prevalent in the case of sweetening
with sweeteners, these paraneters being perceived as
| east intensive in the case of beverages sweetened
with isomaltul ose. The beer sweetened with sucrose
received just about the poorest assessnent regarding
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evor b us oy oREeiqIM S0 80 5L 03 0 A rad beer
Doppelbock Isomaltulose | 1.7 3.3
Sucrose 2.1 3.4
Sweetener 1.7 2.8

The mixed beer beverages with Pilsen as basic beer were rated with the highest
value in the case of this assessment parameter. The beverages basad on
Doppelbock, on the other hand, were assessed as being least refreshing. No
clear verdict was given fegarding the different sweeteners, isomaltulose having
been assessed as least refreshing, for example, in the Pilsen mixed beverage
but best in the case of dietetic mixed beer beverage. The assessmenis of the
other sweeteners are similar.



results of this assessnent are shown in Table 14.

Tabl e 14: Refreshnent Sensgéy
Pilsen Isomaltulose 2.5 3

quality

ef fect overall
y Sucrose 2.75 3.5

Sweetener 2.75 3.75 D etetic |Isomaltulose 2.75 3.75

Sucrose 2.5 3.5 Sweetener 2.5 2.75 Al cohol

-free

Pilsen Isomaltulose 2.4 3.8 Sucrose 2.3 3.5
Sweetener 2.2 3.5 Doppel bock Isomaltulose 1.7 3.3

Sucrose 2.1 3.4 Sweetener

1.7 2.8 The ni xed beer
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fourﬁﬂb@ﬂl@?ﬂ?&ﬁorﬂ&re@hﬁ'@ent Overall, the mi xed .
beverages w th Doppel bock as basic beer were
Table 15:; '
Refreshment effect ~ [Sensory quality overall

Isomaltulose R34 3.65

Sucrose 2.40 3.48

Sweetener 2.29 3.20

Sweetening of the mixed beer beverages with sucrose and isomaltulose should
be regarded as being approximately equivalent on the basis of the taste
assessments carried out, the use of the sweetener mixture losing out clearly in

comparison.
6.4

6.4.1 Bafches

Contamination of the mixed beer beverages

The finished mixed beverages were filled by means of a manual filling facility
into 0,5 | PET boitles. Before closing them with a screw cap, 50 ul of the




assessed as poorest. The average val ues for
refreshnent and total qualiLy (Table 15) indicate
that isomaltul ose and sucrdse were assessed as being
clearly better in both cases than the sweetener

m xture. |Isomaltul ose received a better assessnent
regardi ng the overall quality, whereas beverages
sweetened with sucrose were found to be slightly
nore refreshing. Table 15: Refreshnent effect Sensory
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were incubated with the follow ng yeasts:
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Saccharonyces cerevisiae MJJ2 and

IncuBaHbA WACHISTKE S8 %ov'@ﬁﬁ e&\@fu'sﬂ)_nséfrii%ihmn closed bottles.
6.4.2 Measuring' the microbiological spoilage

The turbidity in the botiles was measured with a process photometer (Sigrist
'KTL 30-21) af angles of measurement of 90° and 25°. The measurement at two
different angles of measurement was carried out in order to take into account

the different cell sizes of the yeasts and bacteria. The detectable turbidity

maximum was at 20 EBC.

Swelling of the botile was determined on the basis of the deformation at
selected points of the PET botiles used:

s absolute height of the bottle
s diameter at a level of 11.5 cm

¢ and shoulder base
A digital slide gauge was used for the measurement.
6.4.3 Turbidity developmenis

After incubation of the different batches, the turbidity developments shown in
the following illustrations were obtained.



I ncubation was effected at 20 C wth excl usion of
light in closed bottles. T% 4.2 Measuring the

m cr obi ol ogi cal spoil age 13 turbidity in the bottles
was nmeasured with a process photoneter (Sigrist KTL
30-21) at angl es of neasurenent of 90 and 25. The
nmeasurenent at two different angles of neasurenent
was carried out in order to take into account the
different cell sizes of the yeasts and bacteria. The

6.4.96t ect abl gidpidity maxi mumwas at 20 EBC. Swel ling
of the boftle was deternined on the basis of the
deformation at selected points of the PET bottles
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Saceiarhmyces diastaticus is incapabile of utilising either the sweeiener mixture

or the isomaltulose as substrate.

Figure t1¢ shows the turbidity developments of the mixed beer beverage with
the alcohol-free Pilsen basic beer, contaminated with Saccharomyces
diastaticus. In the case of the baiches with the alcohol-free beer, all batches
reach the turbidity maximum in the period considered. Sucrose produces the |
most rapid increase in turbidity, in the two other batches the yeast is capabie of
growing, unhampered by alcohol, as a result of the residual exiract from the
beer content. The slowest spoilage occurs in the case of the isomaliulose-
containing batches.

Figure 11d shows the turbidity developments of the mixed beer beverage with
the Doppelbock basic beer, contaminated with Saocharomycés diastaticus. In
spite of the higher alcohol content introduced into the mixed beer beverage by
using the Doppelbock, almast all batches reach the maximum furbidity value
almost as quickly approximately on the third day. These mixed beverages



the dietetic Pilsen basic beer, contamnated with
Sacchar onyces di astati cus. vwen using the dietetic
beer as basic beer, a cl ezf2 turbidity arises only in
the case of conventional sucrose sweet eni ng. The

di etetic beer does not contribute any extract of its
own such that the conclusion can be drawn that
Saccharonyces diastaticus is incapable of utilising
either the sweetener mxture or the isomaltul ose as
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Figure 11g shows the turbidity developments of the mixed beer beverage with
the alcohol-free Pilsen basic beer, contaminated with Saccharomyces
cerevisiae. In the absence of alcbho[, this yeast is capable of utilising at least
part of the residual exiract present in the beer, shown by the increase in
turbidity in the case of sweetener sweetening. In the case of sucrose
sweetening, the turbidity maximum is reached as early as on the third day. In
the case of the isomaltulose-containing batch, the increase in turbidity takes
place more slowly. In all baiches, parts of the residual extract present in the
beer are utilised. '



case of sweetener sweetening shows that neither the
sweet eners nor the reS|du%% extract of the Pilsen.
beer can be utilised as a™Masis for gromh. Figure
11f shows the turbidity devel opnents of the, m xed
beer beverage with the dietetic Pilsen basic beer,
contam nated by Saccharonyces cerevisiae. In the
case of m xed beer beverage produced on the basis of
di etetic beer, the sucrose-containing beverage
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the GiBRRBIRANIhM Egaé%h%ﬁ%%%@%ﬂﬂmﬁz&%@ﬁamﬁ%es pombe.
During the incubation of the mixed beverage with the dietetic beer as beer
portion using Schizasaccharomyces pombe, no marked increase in turbidity can
be seen in any of the baiches. This is assessed as being due fo the yeast being
prevented from growing by the combined effect of the exclusion of oxygen,
presence of alcohol and hops. However, since these yeasts had been capable
of utilising isomaltulose in a similar series of experiments in pure dieietic beer,
the pH value reduced as a result of the iemonade probably plays a decisive part
regarding the non-occurrence of cell growth in these baiches. Table 10 shows
that the pH values of the mixed beer beverages amount 1o 3.5 or even slightly
less, whereas the pH value of a beer is slighily above 4.



bat ches wth the Pilsen basic beer and the yeast

Schi zosacchar onyces ponbe xhibit a highly
non-typi cal devel opnent. %ce the batches with the
sweeteners on the one hand and sucrose on the other
exhibit a considerable turbidity right fromthe

begi nni ng, but which remains al nost constant over the
entire period, the conclusion is drawn that a
colloidal turbidity of the beer portion is present,
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Figure 11n shows the turbidity developments of the mixed beer beverage with
‘the dietetic Pilsen basic beer, contaminated with Pediococeus damnosus. The
turbidity developments detected when using the dietetic basic beer correlate
well with those of the Pilsen basic beer. The more rapid increase in turbidity in
the case of sucrose-containing batches is due to the slightly lower contents of
alcohol and bitter compounds. The fact that, in the case of dietetic beer, which
does not contribute any carbohydrate part of its own, an increase in turbidity
was detectable only in the case of sweetening with sucrose, too, confirms the
assumption made in the case of Pilsen basic beer that cell growth indeed took



consideration. Figure 11 |.shows the turbidity
devel opnents of the m xed ?ger beverage with the
Doppel bock basic beer, cont@m nated with

Schi zosacchar omyces ponbe. The beverages which have
been produced wi th Doppel bock exhibit a fairly rapid
increase in turbidity in the case of all batches.
This is attributed to the fact that not only the
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increase in turbidity was detectable only in the
6.4.38se of Lsk@¥{Sening with sucrose, too, confirns the
- assunption made in the case of Pilsen basic beer that
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turbidity which may be the result, among other things, also of the infroduction of
the cell suspension during inoculation.

Figure 11r shows the turbidity developments of the mixed beer beverage with
the dietetic Pilsen basic beer, contaminated with Lactobacillus brevis. All the
batches considered remained constant for a prolonged period. A slight increase
in turbidity can be seen in the batches with sucrose. This effect may be dueto
the slightly lower concentrations of alcohol and bitter compounds of the dietetic
beer.

Figure 11s shows the turbidity developments of the mixed beer beverage with
the alcohol-free Pilsen basic beer, contaminated with Lactobacillus brevis. In
the batches with alcohol-free basic beer, the increase in turbidity observable in



In the case of the batches with the al cohol -free
beer, too, only the batches with sucrose exhibit an
increase in turbidity. P. "d#&mosus is able to utilise
only sucrose. Figure 11 p shows the turbidity

devel opments of the m xed beer beverage wth the
Doppel bock basic beer, contam nated wth Pedi ococcus
damosus. The fornmation of turbidity observed in the
ot her batches is delayed here by the higher
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bever e two other batches renmain constant; no

utilisation of the isornaltul ose or the sweetener _
Just akeleaptuice spoilage of a soft drink as turbidity is the so-called swelling or

blowing of the bottles. If the bottle content is spoiled by microbial activity,
deformations (swelling) on the bottle as a result of the increased internal
pressure, as well as the turbidity formed can be observed.

The dimensions illustrated in Figures 12a to | of the non-incubated bottles (zero
bottle) were measured after filling of the bottles but before incubation. This
means that slight variations regarding this reference value are due to the normal
pressure increase which arises as a resuit of sioring the carbonated drink at 20
°C. In the following, this expansion will be called normal expansion. It is to be
ilustrated by way of the example of the following illusiration.

Figure 12a shows the changes in height of the contaminated bottles following
incubation with Saccharomyces diastaticus in comparison with the non-
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Figure 12¢ shows the changes in the diameter of the contaminated bottles
following incubation with Saccharomyces diastaticus in comparison with the
non-deformed bottle (zero bottle}). As in the case of the height measurements,
marked changes in the bottle dimensions are recognisable only when
Saccharomyces diastaticus was able to utilise sucrose.

Figure 12d shows the changes in the shoulder bases of the contaminated
hottles following incubation with Saccharomyces diastaticus in comparison with
the non-deformed bottle (zero bottle). Again, marked changes can be noted
after incubation with Saccharomyces diastaticus only in the beverages
sweetened with sucrose. Interestingly, the strongest deviations occur in the
batch with the dietetic beer in which the carbohydrate portion originates solely



conparison with the zero bottle arise. On the basis
of the turbidity neasured, ,_however, no growth was
det erm ned. Moreover, it sfBul d be noted t hat
Megasphera forns onIy m ni mum quantities of CO2, if
any at all, when growh occurs and thus is hardly.
capabl e of contributing to an increase in the
internal pressure of the bottle. The devel opnment of
swelling is generally suitable rather as proof of
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changes can be noted after incubation with
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that the relevant deformation of the botile regarding the parameters of height of
the shoulder base of the bottles incubated with Saccharomyces cerevisiae

MJJ2 occurred only in the frial baiches sweetened with sucrose.

Figure 12h shows the changes in height of the contaminated bottles following
incubation with Schizosaccharomyces pombe in comparison with the non-
deformed bottle {zero bottle). In none of the baiches incubated with
Schizosaccharomyces does any notable growth occur, correspondingly, no
expansions of the bottles exceeding normal expansion were detected. The
same applies to Figure 12i and |.
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portion sweetened with sucrose. Although Lactobacillus brevis is
heterofermentative, the growth occurred only very slowly such that a deviation
was detected only in the parameter of height expansion which was only slightly

above the normal expansion.
6.5 Summary

Mixed beer beverages were produced which, because of the different basic
beers selected, differed by the parameters of alcohol conient, carbohydrate
introduction of the beer portion and content of bitter compounds. By varying the
sweelener, sucrose or isomaltulose was supplied to the mixed beverages as
possible substrate or, by using sweeteners of the lemonade part no utilisable



expansfons of the bottles exceedi ng normal expansion
were detected. The sane qgﬁlies to Figure 12i and j.

-49- Figure 12i shows the changes in dianeter of the

contam nated bottles followi ng incubation with

Schi zosaccharonyces ponbe in conparison with the non-
deforned bottle (zero bottle). Figure 12 shows the
changes in shoul der base heights of the contam nated
bottles follow ng incubation with

arbﬁgﬂb @?@Wéﬁ@%dp BEBSuLS of BTG T8 VYhEd of {easts as

C
d bottle)> | |
danmi@@ﬁ%gﬁ@%ﬁ%dawwééﬁélom%ggtéf-ﬁ%h At #ﬁﬁﬁte%'e%evefages
werd %Eﬁ%@¥éi9 &@mdfﬁwatemgwh m@tei difféens gegsis fa$1td inbesged @t 20
ol dr S neasur us as S expec ey e s
C. By EashSed T rERas St R SERcteBlReEl 88 it s highly
signBmape bb acubstandsalsarenfobier heart sinoent ingapant bodi the mermal
=i A G5 TR SRS i Sl bt dtang
longse earbattydsates chainsd they sercalies dexitins aMojeder oihe yaasts
Soh{&ﬁga@%heafrgﬁ:lyegé E)Bﬂ]l:fé’&ﬁéj dei-BHarophy@RtccisviERb DSR2 Ware used.

ansi on can pe detected. Figure 12k
They Mg carablerrinilisinansa@adH Sgrin PRIBIGARAIRSHt ed

SchiebhtearbRiybeybbinbd waslkaphble o ddindeds efseciaumttied beer.
danmmosus in conparison with the non-deforned bottle

(zero bottle). This expansion is only slight and, was
Apafidtor dhesq ¥ePsis. Raenaiese Anuatd ISR arepgigniicance

as SE)@ gbfhs tdtisotiBy bber. tradiofissbuecipsitssuze Lan@datllus
h ferrrentatlve.lactlc%md bacteria which are

brev&%ggﬁggﬁsppgf%pﬁgv&@?weg% PSglrantities of CO2 even

in the case of strong netabolic activity. Figure 121
it wahRIdttRgt $leangets bhShetitdrbonficet tagtamtrnamdBadcharomyces

bott | EAS f ol |l ow ng(g [ ncub’atl on \Il/r th L ct]ﬂgam I tus. '
cerqyyeiag IR Werkdapls fekrble afsoliog. mard s coptaTipated
bevéizges. DoistdeeurreBybothayoydbrmimg a sirbngliurpidityendippatsiront

' [ eV t ' ] . .
il £ B BESLER Hodt er ESEH Bl gstatins
wasl capabieief gnowting tmihensial balst with Hiedelior begy. (iniradustigh of
* catkBSAERE bhlis, oo RSN PUAYTR Niiotlncb o sucrose
Sacgleaiogyicen cefrgsiaetdd2alserarew W iR iﬁq@ﬁr avaelenegpwith
Eson‘f@hﬁkﬁ‘él,e, @Wsmrwg rgiﬁé siwly than ghieycaselsiwavddiening
withns%%gc?se. ?—)Fgr?]nt%%so ?he’ cbnciug%rs%rawn that Saccharomyces cerevisiae
MJJ2 was capable of utilising also isomaltulose under the circumstances
concarned, though surprisingly more slowly than sucrose. Surprisingly,
Saccharomyces diastaticus was not able to utilise isomaltulose in any of the
beverages produced.

In general, this yeast is not capable of utilising isomaliulose as a substrate. The
proven growth of Saccharomyces yeasts in the batches which had been
produced with basic beers other than dietetic beer occurred in the case of all
sweetening variants in an almost identical manner and is attributed to the
utilisation of large quantities of residual exiract which had been co-introduced
by the beer portion into the finished mixed beverage.
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Example 7: Influence of isomaliulose on the aroma profile of fermenied real

© worts
7.1 Real woris

A Pilsen wort was produced. A part of this wort was freated in such a way that
approximately one quarter of the extract consisted of isomaltulose. The
untreated origiha[ wort and the isomaltulose-containing wort were fermented
under the same conditions {without pressure, 12 °C) by the same yeasis as
those used in the model worlis.
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Extract content % 11.26 11.33
Extract, apparent, %o 1.93 4.2
final fermentation :
reached
Final fermentation, % 83.3 62.6
apparent
pH 5.36 5.2
Colour depth EBC 8.6 6.4
Bitterness units BU 48.1 ' 31.6
Total nitrogen opm 969 655
Free amino nitrogen ppm 175 124
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Table 16: Wort anal yses with and w t hout isomnaltul ose

Paramst?r Unit Oiginal wort Wort w 25 %
7.2 naghieip ol R BrOMERCOHHOEE R ent /0 11.26 11. 33

On completion of fermentation (= no decrease in extract for 4 days), the
following aroma components were determined in all fermentation batches: |
acetaldehyde, ethyl acetate, 1—propénol, isobutanol, iscamyl acetate, 2-
methylbutanol, 3-methylbutanol, 2-phenylethanol, phenyl acetate. Apart from
the relevant aroma components, the vicinal diketones formed during
fermentation were also determined. These are relatively important aroma
components which, in many cases, are used in brewing praclice as key
substances for controliing main fermentation. |

7.3 Results
7.3.1 Progression of fermentation

The following result is obtained regarding the progression of fermentation of the
two real worts (with and without isomaltulose) during fermentation with
Saccharomyces carlsbergensis MJJ 11: the decrease in extract is initially
identical but then the curve of the decrease becomes flatter in the case of the
isomaltulose-containing wort. Once the non-isomaltulose-containing wort had
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subsequently the curve of the isomaltulose-containing wort becomes flatter.

Regarding the progression of fermentation of real wort (with and without
isomaltulose) on fermentation with Schizosaccharomyces pombe, the following
result is obtained: the curves of the exiract development are almost identical in -
the case of Schizosaccharomyces pombe. The end values obtained are also
very similar since isomaltulose can also be utilised as substrate by this yeast.

7.3.2 Analysis of the finished beers

Table 17 shows the analytical values of worts fermented by Saccharomyces
carlsbergensis MJJ 11 and Saccharomyces cerevisiae MJJ 25 (with and without
isomaltulose)

Table 17:

MdJd 11 MJdJ 11 with MJJ 25 MJJ 25 with
without isomaltulose without isomaltulose
isomaltulose isomaltulose

Original wort, 11.25 11.24 11.32 11.28

calculated [%]

Extract, apparent, 2.35 3.68 3.3 416

[7e]
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Higher residual extracts after fermentation can be clearly seen in the case of
beers to which isomaltulose had been added, since the isomaltulose was not
fermented. This leads to a lower alcohol content in all cases. This also applies
to Schizosaccharomyces pombe which is capable of utilising the isomaliulose-
containing solutions in the model worts in a similarly satisiactory manner as the
reference solution. In complex mixed carbohydrate solutions, other sugars are
obviously utilised by this yeast first, too. Before it was possible to degrade
isomaltulose, the fermentation had been terminated in this series of test. The



carl sbergensis MJJ 11 and Saccharonyces cerevisiae
MIJ 25 (with and without isomaltulose) Table 17: MJJ
11 M1J 11 with MIJ 25 MIJ-28 with without
i somal tul ose without isomaltul ose isomaltul ose
i somal tul ose Original wort, 11.25 11.24 11.32 11.28

. alculated [9% Extract, apparent, 2.35 3.68 3.3 4.16
-55- Extract, real [9% 4.04 5.1 4.82 5.44 Al cohol [%
by vol.] 4.71 3.98 4.28 3.59 pH 4.4 4.25 4.67 4.4
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No clear-cut influence of the addition of isomaltulose on the formation of aroma
components can be detected. Although MJJ 11 forms larger quantities of the
substance concerned in the case of almost all the components in the batch
without isomaltulose, the differences are only slight and, moreover, they are
probably due to the slightly lower quantity, in absolute terms, of substrate
utilised. Mareover, it was found, that Saccharomyces cerevisiae MJJ 25 formed
higher concentrations of the substance concerned, in some cases, in the
isomaltulose-containing solution. By way of the data illustrated here, it cannot
be said unequivocally that the presence of isomaliulose influences the aroma
profile formed.

Figure 7b shows the content of aroma componenis after fermentation of real
worts by Schizosaccharomyces pombe and Saccharomyces cerevisiae MJJ 2.

Again, no clear-cut influence of the addition of isomaltulose on the formation of
the aroma components can be seen. Although, in most cases, less of the
substances considered is formed in the worts 0 which isomaltulose had been
added, this is also due to the lower quantity of substrate utilised overall. Worth
noting is the fact that Schizosaccharomyces pombe again forms slightly more
acetaldehyde in the presence of isomaltulose.

In the worts without isomaltulose, less diacetyl and pentanedione is formed. The
differences in concentration can be explained not only by the lower conversion
of substrate: in the isomaltulose-containing worts, approximately one quarier of
the extract was replaced by isomaltulose. However, the contents measured in
the worts with isomaliulose are only 50 % or less, compared with the untreated
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The results of the tasting assessment are as follows.

Figure 8a shows the results of the taste assessment of the beers made from the
real worts fermented with Saccharomyées carlsbergensis MJJ 11 (10 tasters):
the aroma profiles resulting from the tasting scheme matched in an almost
identical manner after fermentation by Saccharomyces carlsbergensis MJJ 11,
irrespective of whether isomaltulose was contained in the wort or not. Only with
respect to the overall impression was the isomaltulose beer assessed as being
better. A frequently mentioned reason was a “more rounded” taste impression
although the individual parameters were assessed identically.

Figure 8b shows the results of the taste assessment of the beers made from the
real worts; fermented with Saccharomyces cerevisiae MJJ 25 (10 tasters): After
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The isomaltulose-containing beers were perceived in the majority of cases not
as substantially different from the reference beers. Regarding the overall
quality, the addition may cause the impression of the beer to appear somewhat
“rounder” by compensating for negative influences on the taste such as e.g.
strong bitierness.
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s Schizosaccharomyces pombe (good utiliser of isomaliulose} and

s Saccharomyces diastaticus (substance harmiul to beer, capable of
superiermentation).

In addition, the isomaltulose utilisation of known bacteria harmful 1o beer was
examined. For this purpose, “ideal conditions”, anaerobic, 28 °C, 21 days
incubation, were selected:

» Pediococcus damnosus (DSM: 20331),

* Megasphera cerevisiae (wiid strain),

= Pectlinatus frisingensis (DSM: 20465) and
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‘e L. fermentum (DSM: 20049),

s L.gasseri (DSM:20077),

¢ L. johnsonii (DSM: 20553),

L. plantarum (DSM: 12028),

L. reuteri (DSM: 20015),

L. rhamnosus (DSM: 20023} and

L. salivarius (DSM: 20492).

Since it is known from the literature about Lactobacilli, that these bacteria
species are not capable of synthesising all amino acids, experiments were
carried out in paralle! with the untreated medium, in which the medium
additionally contained 2 % peptone. Because of the classification, known from
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After an incubation period of 14 days, the results illustrated in Figure 9 were
obtamedr for Saccharomyces car!sbergensus MdJ 11.

Figure 2a shows isomaliulose contents of the non-incubated model solution and
after an incubation period of 14 days {anaerobic, 26 °C) with Saccharomyces
~ carisbergensis MJJ 11 (measured by means of HPLC). '

" It can be seen that the values measured correspond to the initial value with an
accuracy of 5 %. This means that no metabolisation of the isomaltulose has
“taken place. The lowest value was measured in the solution without selective
factors, although it is not possible to speak of a decrease by metabolisation
neither in this case. On the basis of this test series it can be said that
Saccharomyces carlsbergensis MJJ 11 was unable to ferment isomaltulose
independently of selective influences present, in the period considered.

In the following illustration, the corresponding test series with the yeast
Saccharomyces cerevisiae MJJ 2 is illustrated. This yeast is known from
existing series of experiments as capable of utilising isomaliulose.

Figure 9b shows isomaltulose contenis of the non-incubated model solution and
after an incubation period of 14 days (anaerobic, 26 °C) with Saccharomyces
cerevisiae MJJ 2 (measured by means of HPLC).
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salivarius (DSM 20492). Since it is known fromthe
l'iterature about Lactobacilli, that these bacteria
speci es are not capable of synthesising all am no
acids, experiments were carried out in parallel with
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compounds and alcohol as well as a decrease in the pH value to below a value
of 4 causes the metabolisation of isomaltulose to stop completely.

The same experiment was carried out with Schizosaccharomyces pombe.

Figure 9d shows the sugar contents of the non-incubated model solution and
after an incubation period of 14 days (anaerobic, 26 °C) with Saccharomyces
pombe {measured by means of HPLC). '

It can be clearly recognised that this yeast is under all experimental conditions
capable of utilising the isomaliulose offered as substrate. Only in the batch with
the lowest adjusted pH value is a measurable residual concentration of
isomaliulose still present such that, on further reducing the pH value, the
isomaltulose utilisation can poséibly be prevented; however, pH values below 3
can be found only in very few beverages and even there they are not far below
this value. Selective factors typical for beer, even in combination, such as the
batch with 5 % of alcohol and existing hop bitter compounds, are not capable of
preventing isomaltulose utilisation.



factors, although it is not possible to speak of a
decrease by netabolisation,_neither in this case. On
the basis of this test sefP®s it can be said that
Saccharonyces carl sbhergensis MJJ 11 was unable to
ferment isomaltul ose independently of selective

i nfl uences present, in the period considered. In the
following illustration, the correspondi ng test series
with the yeast Saccharonyces cerevisiae MIJ 2 is
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q_%/&\[ ., NO isomaltul ose utilisation took place with
8'35 ?Fﬁer decrease in the pH value. Even the absence
of oxygen in the case of this yeast. made the
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In noAS Bhﬁ{eotg%ﬁﬁés has any isomaltulose utilisation been detected within the
range of accuracy of measurement. None of the bacteria examined is capable
of growing on the basis of isomaltulose.

In view of the significance of the group of Lactobacilli not only as a substance
harmful to beer but also as an organism in the intestinal and dental flora of
mammals, and in view of their suitability for use as probiotic cultures in the food
industry, a group of various Lactobacilli was examined additionally for its ability
to utilise isomaltulose.



ponbe (neasured by nmeans of HPLC). It can be clearly
recogni sed that this yeast s under all experinental
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concentration of isomaltul ose still present such
that, on further reducing the pH val ue, the
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Fig u1=@ 1%@@%&%&@&1@10%;1{@@@&&% |h@§$§nd/Mt ;5&:5@@?21 days
re il ystrate

(anqiTgoite 28 B} veihora dused acttari nbian eiaiiana SR

peplooie-(nmeasiade thymdahs oBDNS assrygnd after an incubation
peri od of 21 'days (anaerobic, 28 C) with selected

acteria har neasur e of HPLC
Agaln no ecrease g]; more than?%(, compare Wl% I%a?value was )

measured in any of the measurements. However, it is striking that several
values approach this limit value fairly closely. In addition, it deserves to be
mentioned that in the case of the organisms which had the lowest values in the
series of measurements without peptone, fairly low values were again
measured.

For organisms such as Lactobacillus lindnerii 20961, it is not possible to
~exclude the possibility with absolute certainty that ufilisation of isomaltulose is
possible-after a corresponding adaptation. However, the possibility should be
taken into consideration that an incubation was carried out in this case for three
weeks under almost ideal conditions but the isomaltulose concentrations
nevertheless decreased only slightly. Consequently, and taking possible
inaccuracies of measurement into consideration {some values are higher than



In none of the batches has any isomaltul ose
utilisation been detected w.thin the range of
accuracy of neasurenent. e of the bacteria

exam ned is capable of growi ng on the basis of

i somal tul ose. In view of the significance of the
group of Lactobacilli not only as a substance

harnful to beer but also as an organismin the
intestinal and dental flora of mammuals, and in view
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lindnerii 20961, L. brevis 6235 and L. rhammosus
20023. The values are within a range of variation of
5 % and, noreover, no cell mass growh was observed
visually. It is thus not possible to say on the basis
of these neasurenents that the organi sms exam ned
are capable of utilising isomaltulose. Since it is
known fromthe literature that Lactobacilli are not
capabl e of synthesising all am no acids, a further
test series was carried out in which 2 % peptone was
added to the nodel solution. In this way, the

. possibility was to be excluded that a possible
growm h cannot be detected only because of absent
nitrogen sources. Figure 1 Cc shows isonaltul ose
contents after an incubation period of 21 days
(anaerobic, 28 C) wth various Lactobacilli, wth an
addi tional addition of peptone (neasured by neans of
DNS assay). Again, no decrease by nore than 5 %
conpared with initial value, was neasured i.n any of
‘the neasurenents. However, it is striking that
several values approach this limt value fairly
closely. In addition, it deserves to be



mentioned that in the case of the organi sns which had
the | owest values in the agrles of measurenents
wi t hout peptone, fairly | 6Wval ues were again
nmeasur ed. For organi sms such as Lactobacillus
lindnerii 20961, it is not possible to exclude the
possibility with absolute certainty that utilisation
of isomaltulose is possible after a corresponding
adaptati on. However, the possibility should be taken
into consideration that an incubation was carried out
(ﬁaf this case for three weeks under alnost ideal
ditions but the isomaltul ose concentrations
neverthel ess decreased only slightly. Consequently,
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measurenents illustrated here. Co'rrespondi ngly, the
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95 %of the initial value, after incubation. Thus,
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he B@Pﬂ%&h r?§< -66- Clainms 1. A process

for t he production of m cr obi ol ogi cal ly stabilised

begy or midrsBilly BegheMaLmROLoRS Om brewi ng | i quor,
hops and a source of car bohydrate containing the

a) mxing of brewn quor, hops and the
char@@tﬁﬂ,sedolﬂ thalribespures ef earbohy ﬁﬁt%c%ﬁams EPpMedLlasgPr an

lsarr‘ieh‘ﬁc‘lId@ﬁar cormBhhing ke BsdJdrin-4tabilEiAg dtgnt.he wort,
characterised 1n that the source of car bohydrate

contains i somaltul ose or. an isomaltul ose-containing
2. ni Xbepeoeessgreaardingdpidiame, wiaerein the sotee pf gadphydrate

‘contaffEoneit8d gf Andrii/oh raw YRR N the source of _
carbohydrate contains nal ted grain and/ or raw grain.

3.  The process according to any one of the preceding claims, wherein
isomaltulose or the isomaltulose-containing mixture is contained in the source of
| carbohydrate in a ratio of the other components of the source of carbohydrate to
isomaltulose of 4:1 to 2:1.

4, The process according to any one of the preceding claims, wherein the
isomaltulose-containing mixture or the isomaltulose of the source of
carbohydrate is added as a syrup, in solution or as a crystalline solid.

5. Microbiologically stabilised beer producible according to the process of
any one of claims 1 to 4.

6. Mixed beer beverage containing:

a) Microbiologically stabilised beer producible or produced according
to the process of any one of claims 1 {o 4 and



3. The process according to any one of the preceding
claims, wherein isomaltulpse or the

i somal tul ose-containing m¥Xture is contained in the
source of carbohydrate in a ratio of the other
conmponents of the source of carbohydrate to

i somal tul ose of 4:1 to 2:1. 4. The process according
to any one of the preceding clains, wherein the

i somal tul ose-containing m xture or the isonmaltul ose
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4. 6. .M xed beer b a -
i RSP Es Py SO ARobE, b, Shrastaness. water and
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sweealenigy, adenii t conponents such as fruit juice, fruit
pulp or fruit extracts, sugars, sugar substitutes
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onlylzexeetergeg agent.di ng to claim6 containing i sonaltul ose

as sweetening agent. 8. M xed beer beverage

accordi,ng to claim 7 cantaining Lsonaliul o I
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body- provi di ng sweeteni ng agent. 10. Use of
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or mixed beer beverage.



