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The carbohydrate composition during fermentation of low calorie beer, or more correctly low carbohydrate beer,
has been examined. The low content of carbohydrates in the final beer is achieved by adding amyloglucosidase to
the wort at the beginning of the fermentation. Amyloglucosidase is an exoenzyme capable of degrading
non-fermentable dextrins almost quantitatively to glucose, which is then fermented.

A full scale production of a low calorie beer “Kalorius” has been followed. The fermentation took three weeks,
and was followed by five weeks of storage. Separation and detection of the carbohydrates were done by high
performance liquid chromatography using a commercial carbohydrate column and refractive index detection.

The results show an increased glucose content of approximately 60% on the first day of fermentation.
Furthermore, itis found that amyloglucosidase degrades maltose and maltotriose to glucose. This leads to formation
of glucose in such quantities that the yeast probably only metabolizes this single carbohydrate during the whole

fermentation.

1. INTRODUCTION

In recent years there has been a growing
market in many countries for low calorie beers
(lite or light beers), or more correctly low carbo-
hydrate beers.

The low content of carbohydrates is in most
situations due to addition of the enzyme amylo-
glucosidase {AMG) dunng fermentation of the
beer. AMG isan exoenzyme produced by Asper-
gillus nigerand it is capable of degrading dextrins
almost quantitatively to glucose.

The uptake of the fermentable sugars by the
yeast in a normal lager fermentation is well
established (3, 4, 7). In a normal fermentation
sucrose is rapidly hydrolysed to glucose and

fructose which are taken up by the yeast cells
during the first few days of fermentation. Then
the yeast adapts to maltose and maltotriose
uptake and their subsequent fermentation takes
place.

In low calorie beer production the addition of
AMG affects the relative proportion of the
fermentable sugars (glucose, maltose, malto-
triose), a situation which has not been described
in the literature.

However, the isolation of a yeast strain (Sac-
charemyces diastaticus) which has the ability to
utilize starch and dextrins by virtue of its own
production of an extracellular amyloglucosidase
has been reported (7). The result of growing this

Abbreviations: AMG = Amyloglucosidase (Glucoamylase, EC 3.2.1.3); DP = Degree of polymerization.
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yeast strain in a solution of freeze-dried beer was
aclear accumulation of glucose, but information
on the other fermentable sugars was not given,
Thus it is of major interest 1o examine the
interaction between yeast, AMG and fermenta-
ble sugars, especially because one might fear that
a rise in the glucose content caused by AMG
activity would postpone the adaptation to malt-
ose and maltotriose to such an extent that all
fermentable sugars would not be converted at
the time of transfer from fermentation to stor-
age. To investigate this, the composition of
carbohydrates during the fermentation of a low
carbohydrate beer has been examined.

2. MATERIALS AND METHODS
2.1. Materials

Two brews (brew 2602 and brew 2609) of the
brand “Kalorius” from the Carlsberg Breweries
were produced from the following raw materials:

5050 kg lager malt  (72%)

200 kg caramel malt ( 3%)

1800 kg maize grits  (23%)

The brewing materials were mashed into 250 hl
water.

After mashing and wort boiling, including the
addition of hops, the worts were sent to the
fermenting cellar and cooled in a plate cooler.
When the worts were down to 9.5 °C, they were
led to the fermenting vessels during addition of
5-8 ppm O, as sterilized compressed air. Here
yeast (Saccharomyces carlsbergensis) and AMG
(10 g/hl type 150L, Novo Industri A/S, Den-
mark) were added.

The brews were each of approximately 600 hl.

In contrast to traditional lager fermentation,
“Kalorius” has a three week primary fermenta-
tion to allow AMG to hydrolyse unfermentable
sugars sufficiently. After fermentation,
“Kalorius” was stored for a few weeks before
bottling and pasteurisation.

2.2. Methods
2.2.1. Sampling

Every day around 2 p.m. during the three
weeks of primary fermentation, a sample of
approximately 0.5 1 of the fermenting beer was
taken from the sampling outlet. The first sample

was taken before AMG addition. The last sam-
ple was taken after 55 days fermentation and
storage. At that time the two brews were mixed.

2.2.2. Pretreatment of samples

To remove yeast from samples, these were
centrifuged (Mistral 6L} at 2400 rpm and 0 °C
for 15 minutes. After centrifugation, 50 ml was
taken out of each sample and frozen. These
samples were later used for determination of the
content of the different carbohydrates; freezing
was necessary to avoid enzyme activity.

The rest of the centrifuged samples were
filtered and decarbonated by decantation.

2.2.3. Determination of alcohol and real
extract

Alcohol and real extract were determined with
a ServoChem Automatic Beer Analyzer
(SCABA, ServoChem, Sweden). The filtered
and decarbonated samples were used for the
analysis after calibration and analysis of a stan-
dard sample.

The calibration samples used were 0%, 3.5%
and 7.0% (w/w) solutions of ethanol. The stan-
dard was a beer with approximately 4% alcohol
(w/w); the alcohol content of this was deter-
mined by distillation according to the method
described in Analytica-EBC (2).

The SCABA, which operates at 20 °C, splits
the sample into two parts; one part is used for
measurement of the specific gravity and the
other is sent countercurrent with dry com-
pressed air (14 1/h). The air absorbs a propor-
tional amount of alcohol, which is measured by
an alcohol sensor.

From these two measurements a microcom-
puter calculates the other beer parameters: appa-
rent and real extract (E. and Eg), original extract
(OE) and real degree of fermentation (RDF).

2.2.4. Determination of the carbohydrate
composition
The equipment used was a high performance
liquid chromatograph (5000 Liguid Chromato-
graph, Varian, Calif.); a refractive index detector
(RI-3, Varian, Calif.) thermostated to 40 °C was
used for detection. The output from the refrac-
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tive index detector was fed into a data system
(CDS 401, Varian, Calif.). The data system was
programmed to draw a chromatogram, integrate
the different peaks and calculate the percentage
content from a standard solution. The standard
solution was an external standard containing 1%
glucose and 1% maltose.

The column used was packed with a cation
exchange resin in the silver form (type HPX
42A, Bio-Rad Laboratories, Calif.). The column
was thermostated to 85 °C, a temperature where
there is no risk of AMG activity.

The flow speed was 0.6 ml/min and deionized
water was used as eluent.

Series of malto-oligosaccharides and iso-
malto-oligosaccharides prepared by partial acid
hydrolysis of respectively amylose (Merck) and
dextran (Pharmacia) (6) were used for deter-
mination of the retention times for the different
carbohydrates. The samples were kindly sup-
plied by Dr. B.S. ENEVOLDSEN, Carlsberg Re-
search Laboratory.

Before injection in a 20 pl loop in the high
performance liquid chromatograph, it was nec-
essary to decarbonate the beer sample. To avoid
the risk of precipitation of AgCl in the column,
chloride was removed by ion exchange (analy-
tical grade mixed bed resin type AG 501-X8D,
Bio-Rad Laboratories, Calif.). 2 g was added to
the 50 mi samples followed by magnetic stirring
at room temperature for approximately 20 min.
The chloride content was reduced from approxi-
mately 30 ppm to 1.5 ppm by this treatment.

It was shown that the ion exchange procedure
did not affect the results, since the carbohydrate
composition of the beer remained unchanged
after addition of an internal standard to a lager
beer, ion-exchange procedure and analysis on
the chromatograph.

To remove all impurities, the samples were
filtered through a Millipore filter (Millex-HA,
0.45 um, Millipore, Mass.) and a Sep-Pak Cj;
cartridge (Waters Associates, Mass.) before in-
jection.

3. RESULTS

Because of great similarities between the two
brews, only the results from brew 2609 have
been presented here.
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Figure 1. The development in alcohol content (% w/w
ethanol) and real extract content (% Plato) during
fermentation of a low carbohydrate beer. The values
are determined by ServoChem Automatic Beer Ana-
lyzer.

ALCOHOL CONTENT (% W/W)

3.1. Alcohol and real extract

The development in alcohol content and the
real extract content versus time is shown in
Figure 1.

Not surprisingly, the changes are greatest in
the first week of fermentation. After the first
week the changes become smaller, but it should
be noted that there are still changes in the real
extract and aleohol content up to the last days
before transfer. This fact justifies the relatively
long time of fermentation (see section 2.1).

Furthermore, the real degree of fermentation
(RDF) can be calculated to 87.4% after 55 days
of fermentation and storage (in conventional
lager it is 67-70%). This shows the better utiliza-
tion of the carbohydrates in “Kalorius”.

3.2. Carbohydrate content
3.2.1. Qualitative determination

By means of the series of malto-oligosaccha-
rides and isomalto-oligosaccharides (see section
2.2.4), the retention times of the different carbo-
hydrates in “Kalorius” were determined (Fi-
gures 2 and 3). The retention timesin “Kalorius”
were generally a little shorter than the corre-
sponding DP in the above senies.

In Figure 2 high amounts of glucose are seen
on the fifth day of fermentation whereas in a
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Figure 2. The carbohydrate profile from the fifth day
of fermentation of a low carbohydrate beer. The
separation is done by high performance liquid chroma-
tography. The peaks indicated are: Alcohol (A), glu-
cose {G), DP2 and DP7.

traditional lager fermentation glucose is not
present at this time.

After the 17th day (Figure 3) a great deal of the
unfermentable sugars has been degraded by
AMG and it is seen that the DP2 peak tends to
become divided into two with the later top as the
greater. The later top is probably isomaltose,
which is digested with difficulty by both yeast
and AMG. This is supported by the series of
malto-oligosaccharides and isomalto-oligosac-
charides, where isomaltose has a retention time
only 0.2 min higher than maltose.

These results correspond very well with litera-
ture (1) which states that AMG has a greater
affinity towards the larger oligosaccharides and
that AMG cleaves a(1-4) linkages more easily
than a(1-6) linkages.

REFRACTIVE INDEX
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Figure 3. The carbohydrate profile from the 17th day
of fermentation of a low carbohydrate beer. The
separation is done by high performance liquid chroma-
tography. The peaks indicated are: Alcohol (A), glu-
cose {G), DP2 and DP7.

o

3.2.2. Quantitative determination

Based on the carbohydrate profiles from days
0,1,2,3,4,5,6,7,10, 12, 14, 17, 20, 55, the
content of the individual carbohydrates on the
different days has been determined as an average
of two determinations. The results are shown in
the graphs in Figures 4, 5 and 6.

In the beginning there are large amounts of the
fermentable sugars, especially maltose (DP2).
DP4 is also found, as well as some DP5 and
increasing amounts of DP6-8. The content of all
components is decreasing in the beginning of the
fermentation, with the exception of glucose
(Figure 4) where the content is increasing ap-
proximately 60% during the first 24 hours. This
content remains constant for the next two days
and 1s then decreasing during the rest of the
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fermentation.

The DP2 content is decreasing strongly (more
than 90%) during the first six days of fermenta-
tion. In the rest of the period the content moves
more slowly towards a constant value, probably
isomaltose (see 3.2.1).

DP3 is degraded quite rapidly to a constant
value after three days. This value probably
represents the content of panose and isopanose
which it is difficult for AMG to degrade (1) and
not possible for the yeast to metabolize.

DP4-6 (Figure 5) show the following: A de-
crease followed by an increase and decrease
again. The DP5 curve is not very characteristic,

yet it seems to follow the above trend.

The picture for DP7-8 (Figure 6) is more
complicated, which is due to the fact that the
larger the DP is, the larger is the number of
isomers involved. The rise in the DP7 content at
the end of the fermentation is probably due to
formation of double branched heptasaccharides
(e.g. 6-o-glucosyl-6>-a-maltriosyl-maltotriose)
which are very difficult for AMG to degrade.
DP9 disappears after two days of fermentation,
while the DP10-16 peak and the front peak are
reduced gradually during the whole fermenta-
tion.
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Figure 4. The carbohydrate composition of the fermentable sugars during fermentation of a low carbohydrate
beer. Glucose is indicated by ©, DP2 by ® and DP3 by x, the values of the components are measured as glucose.
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Figure 5. The carbohydrate composition of the smaller dextrins during fermentation of a low carbohydrate
beer. DP4 is indicated by ©, DP5 by ® and DP6 by x, the values of the components are measured as glucose.

4, DISCUSSION

In conventional fermentations of beer the
amount of dextrins remains unchanged and the
alcoholin the beer originates from the fermenta-
ble sugars present in the wort before fermenta-
tion.

Moreover, in conventional fermentations of
beer the fermentable sugars are taken up in a
sequential order by the yeast cells, i.e. the mono-
saccharides, glucose and fructose, disappear
prior to the uptake of maltose (which is by far the
most dominant of the fermentable sugars) and
maltotriose. Thus, in a conventional fermenta-
tion the amounts of maltose and maltotriose
remain unchanged during the first and second
day of fermentation and the onset of the maltose
(and maltotriose) fermentation does not take
place before the monosaccharides, glucose and
fructose, are below a certain low level,

4.1. AMG and the dextrins

In contrast to the above conventional fer-
mentation of beer, the addition of amyloglucosi-
dase (AMG) at the beginning of the fermenta-
tion leads to an overall reduction in the amount
of dextrins and an expected concomitant in-
crease in alcohol, as shown by the results of the
present investigation.

In fermentations where amyloglucosidase is
present, AMG attacks the individual dextrins
thereby liberating glucose and thus increasing
the amount of fermentable sugars. The rate at
which glucose is liberated from the dextrins
depends on the concentration and the suscepti-
bility of the individual dextrins besides the
amount of AMG used and the temperature at
which the fermentation takes place. When dex-
trins are degraded to the point where a(l-6)
linked glucose units constitute the non-reducing
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Figure 6. The carbohydrate composition of the larger dextrins during fermentation of a low carbohydrate beer.
DP7 is indicated by ® and DP8 by ©, the values of the components are measured as glucose.

end(s) of a specific dextrin (oligosaccharide),
these dextrins become almost resistant to further
attack by AMG at the conditions prevailing for
the production of low carbohydrate beers. This
means that some dextrins are easily degraded to
smaller dextrins (by the stepwise remaoval of
glucose units), which due to their slower rate of
hydrolysis may temporarily increase in amount
(1), before being further degraded, while some of
the dextrins formed, due to their low susceptibil-
ity towards amyloglucosidase, tend to accumu-
late throughout the fermentation period. - The
net result, however, is a reduction in the total
amount of dextrins and a concomitant forma-
tion of glucose, which leads to an increased
alcohol content at the expense of the amount of
residual carbohydrate (dextrins) conventionally
present in beer.

4.2. AMG and the fermentable sugars
However, AMG does not only attack the
dextrins but is also capable of hydrolysing the

fermentable sugars, maltose and maltotriose, to
glucose. The question is whether this hydrolysis
of maltose and maltotriose actually takes place
at the given conditions, and if so, whether it is
possible to account for the amounts of maltose
and maltotriose that are hydrolysed by AMG to
glucose and thus form part of the “pool” of
glucose as well as the amounts of maltose and
maltotriose that are taken up by the yeast cells as
intact oligosaccharides and hydrolysed inside
the yeast cell by the yeast maltase (a-glucosidase)
to glucose.

The results of the present study are not conclu-
sive in this respect, but the following points,
which focus on the interplay of glucose, maltose
and maltotriose, are of interest to note.

There is an increase in the amount of glucose
(by 60%) during the first day of fermentation and
this level of glucose is maintained for the follow-
ing two days (Figure 4). This means that glucose
is formed by AMG at a faster rate than the rate
at which glucose is taken up by the yeast cells.
Furthermore, the results indicate that glucose is

Carlsberg Res. Commun. Vol. 50, p. 325-332, 1985 331



N.B. NIELSEN & F. ScHMIDT: Carbohydrates in low calorie beer

being produced continuously throughout the
fermentation period and for the first 12 days of
fermentation is present in an excess of 1 g per
liter.

Thus glucose formation originates from the
dextrins as well as from the fermentable sugars,
maltose and maltotriose, the levels of which
decrease from the very beginning of the ferment-
ation, in contrast to conventional fermentations
without AMG addition.

Although it can not be excluded that part of
the maltose and maltotriose may be directly
fermented, it seems likely that glucose isthe only
sugar that is fermented in the production of low
carbohydrate beers, where AMG is added at the
beginning of the fermentation.

If glucose were added continuously from an
external source to a conventional fermenting
beer, it is anticipated that the presence of glucose
would impair the fermentation of maltose and
maltotriose and thus lead to sluggish (sticky)
fermentations (catabolic repression). This might
also be the case in fermentations where glucose
is continuously “added” from the dextrins
through the action of AMG. However, although
the direct fermentation of maltose and maito-
triose might be impaired, since the yeast never
manages to adapt to the uptake of these oligosac-
charides, this does not exclude maltose and
maltotriose from being converted to alcohol
since the presence of AMG hydrolyses these
oligosaccharides outside the yeast cell to glucose,
which is then fermented to alcohol.
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