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Study on the Applicability of Isomaltulose
(Palatinose™ ) in Beer and Beer Specialties,
and its remarkable Results

The functional disaccharide isomaltulose (Palatinose™) was tested to determine its suitability as an ingredient in beer and
beer specialties, and its potential fermentability by typical beer contaminants, and typical beer production yeasts.

It was shown that all tested beer contaminants were in the majority of the cases completely unable to ferment isomaltulose.
The same was true for most of the tested brewing yeasts. As a result of the non-fermentability, promising results were obtai-
ned with respect to the microbiological stability, and to the sensorial profile and taste of beer and beer specialties.

Descriptors: microbiological stability, sensorial profile, functional, isomaltulose

1 Introduction

Isomaltulose is a sucrose isomer, in which glucose and fructose
are 1,6-linked (6-O-a-D-glucopyranosyl-D-fructofuranose) (7).
Isomaltulose is a sugar that naturally occurs in honey, and as a
metabolite of microorganisms such as Protaminobacter rubrum,
Klebsiella planticola, and organisms of the species Serratia and
Erwinia (6, 4, 19, 28). On industrial scale isomaltulose is pro-
duced by the enzymatic isomerization of sucrose by Protami-
nobacter rubrum (25). Apart from its chemical properties, this
sugar has a number of specific characteristics that make it worth-
while to be used in human nutrition. Compared to sucrose, it
exhibits only about 40 % of the sweetness (14, 17). Kashimura
etal found that isomaltulose helps to improve mental performance
(12),and itis slowly metabolized in the small intestine which leads
to it being the only disaccharide with a glycemic index (GI) that is
considered very low (11, 13, 18, 2, 27). If the GI of glucose is set
at 100, isomaltulose has a GI 0f 32 (27, 18). Isomaltulose received
GRAS status in the United States in 2006, has been authorized
as novel food in the European Union since 2005 (27, 7), and has
been widely used in Japan since 1985 (14).

The motivation of evaluating isomaltulose in beer and beer
specialties stems in great part from its proven non-cariogeni-
city. Many research works have focused on this aspect (23, 8,
14, 17, 15, 22, 21, 3, 10), and it has been repeatedly shown that
it is difficult for oral bacteria to metabolise isomaltulose (20, 5,
26, 1,9).
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Since it is known that isomaltulose cannot be used as a substrate
by oral lactic acid bacteria, the question of whether lactic acid
bacteria that are commonly known beer contaminants can live on
this non-cariogenic sugar gains a very particular importance.

Moreover, if it is demonstrated that lactic acid bacteria cannot
ferment isomaltulose, then the question arises as to what sort of
effect other beer spoilage bacteria could have on isomaltulose. If
it is found worthwhile to use isomaltulose in beer production, then
of course another important question needs to be addressed: how
will brewing yeasts (saccharomyces yeasts) react to the presence
of isomaltulose in the wort? And finally, what impact will that
have on the finished product?

2 Experimental

For the fermentability tests, at first an aqueous solution containing
4.5 % isomaltulose as the only carbohydrate, 3.35 % yeastnitrogen
base, and additional 2 % of a peptone solution (for the evaluation
on lactic acid bacteria) was created. Solutions of isomaltulose and
yeast nitrogen base were sterilized separately prior to mixing.
Various lactic acid bacteria types, other typical beer spoilage
bacteria, common brewing yeasts as well as beer spoilage yeasts
were tested, for example Lactobacillus brevis, Lactobacillus casei,
Lactobacillus plantarum, Lactobacillus coryniformis, Lactobacillus
lindneri, Lactobacillus buchneri, Pediococcus damnosus, Pectina-
tus frisingensis, Megasphaera cerevisiae Saccharomyces cerevi-
siae, Saccharomyces carlsbergensis, Saccharomyces diastaticus,
Schizosaccharomyces pombe. In all cases, the model solution was
incubated with 1,5 x 10° cells/ml model solution in test tubes, and
kept for 7 days, 28 °C under anaerobe conditions. The amount of
isomaltulose was measured using an HPLC analysis.

For the evaluation of fermentability of isomaltulose in beer,
standard alcohol reduced lager type beer was brewed at the pilot
plant of VLB Berlin using common brewing recipes. In case of
the beer containing isomaltulose, the same was added 5 minutes
prior to cast out. The wort was incubated with 20 x 10° cells per
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ml of Saccharomyces carlsbergensis MJJ 11. The open fermenta-
tion took place at 12 °C followed by a cold storage for 14 days at
0 °C. The amount of isomaltulose as well as other carbohydrates
was measured using an HPLC analysis.

For the evaluation of fermentability of isomaltulose in beer mix
products a mix of 50 % beer and 50 % lemonade was produced,
using commercial standard, alcohol reduced and low carb beer,
and lemonades consisting of lemon flavor, water, sweetener (either
sucrose, or isomaltulose or intense sweeteners (combination of
aspartame, acesulfame, saccharine, and cyclamate)), and CO,. The
sweetness was adjusted to iso-sweet. Each product was incubated
1,5 x 10° cells/ml per 500 ml of mix, filled in PET bottles, kept for
14 days, 28 °C under anaerobe conditions. After the storage time
the bottles were tested on turbidity using a Sigrist Process Photo-
meter KTL30/21M, angles of measurement at 25 ° und 90 °, and
an upper turbidity limit of 20 EBC, and formation of bulges by
measuring the bottles with digital slide gauge.

All microorganisms used were taken from the central labora-
tories of VLB Berlin and Siidzucker AG.

Sugars in solution were measured using HPLC analysis with an
acetonitril/water mixture (acetonitril 60-75 %); main column:
250 mm x 4,6 mm; amino-phase injection-volume: 10 ul, flow
rate: 1,0 —1,8 ml/min.

The sensorial evaluation of the specialty beers containing or not
containing isomaltulose were carried out using a special spider
web system, where each parameter had to be valued on a range
from 1-5, but with 5 not necessarily being the ideal value. For
sparkling quality, mouth-feel/body and bitterness, 3 was the op-
timal value, and since significant sweetness or wort-like aroma
were unwanted with lager-type beers, the desired value therefore
was as low as possible.

3 Results and Discussion

Inscreening trials with amodel solution containing isomaltulose as
the only carbohydrate, approximately 60 different brewing yeasts
(saccharomyces yeasts) were tested for their ability to ferment
isomaltulose. The trials showed that very few of these brewing
yeasts were able to do so. Using the very simple parameters of
formation of turbidity (cell multiplication) and formation of gas
to gauge if fermentation of isomaltulose was carried out revealed
that only three of the tested bottom fermenting yeasts and eight
of the top fermenting ones were able to create life activity on the
basis of isomaltulose. Schizosaccharomyces pombe was used as
a cross reference, as it was known from literature that this yeast
is able to ferment isomaltulose (6).

Yeasts that responded best (fastest formation of gas and biggest
gas volumes) in these screening trials were taken into larger-scale
fermentations. There, it was shown that these yeasts performed
alcoholic fermentation on the basis of isomaltulose, but at very
different rates, as shown in Figure 1 and Figure 2. In other words,
even the yeasts known to be able to ferment isomaltulose differed
significantly in their response to this sugar.

What was demonstrated in the screening trials — that most brew-
ing yeasts did not react to isomaltulose — was verified on a larger
scale, in brewing trials. For these trials, isomaltulose was added
to the cast-out wort in the post-boil phase. Since the wort was
kept circulating during the addition of isomaltulose, the solution
of the sugar was complete and very fast with the side effect of
an instant sterilisation of the sugar added since the wort still had
boiling temperature. Isomaltulose was added in a concentration
of 2 %.

Figure 3 shows the fermentation diagram of a wort containing
isomaltulose that was produced using yeast that proved in the
screening trials to be unable to ferment isomaltulose. There are
slight differences in the speed of the uptake of the fermentable
sugars, but when final attenuation was reached, the difference of
2 % in extract remained nutrient.

Consequently, the additional amount of isomaltulose contributes
to an increase of the amount of extract in the finished beer.

The alcohol content of less than 3 %vol in these beers was de-
cisively lower than that of normal beers (5-5,5 %vol) because
only a certain amount of malt was used in order to end up with
an original gravity of about 7 %. Subsequently only little amounts
of fermentable sugars remained after a normal short mashing pro-
cedure. Since isomaltulose was still present in nearly its original
concentration of 2 %, a positive effect of its continued presence
on the palatefulness and mouth-feel of the produced beer can be
proved, as Figure 4 shows.

Many lite beers on the market suffer from a lack of body, and for
this reason are often judged negatively in general. In the tasting
scheme utilized, the ideal value for the parameters bitterness,
sparkling quality and palatefulness were set “ideal” at a value of
3 since it is possible not only to undercut but also to exceed the
desired impression in these parameters. For total quality and qua-
lity of smell, the maximum value of 5 was, of course, considered
ideal. The other taste impressions depend on the beer style: if the
tested beer is a lite lager/pilsner type beer, as in this case, then
they would be expected to be low (between 0 and 2). A significant
improvement for the beer containing isomaltulose in the parameter
mouth-feel and palatefulness was observed, which then led to an
improvement of total quality.

Concerning various other quality parameters that are important to
beer it can be stated that, based on the research results achieved,
isomaltulose does not influence for example foam stability and
stability against turbidity in any way.

It was reported that isomaltulose is not easily fermented by bre-
wing yeasts. In addition to that, this sugar was investigated to
determine if it was nutritive to beer spoilage microorganisms. As
shown in Figure 1, it could be proved that in a model solution,
none of the tested beer spoilage microorganisms was able to use
theisomaltulose provided. The yeasts Schizosaccharomyces pombe
and Saccharomyces cerevisiae MJJ2 were used deliberately as a
cross check, to prove that isomaltulose was fermentable in the
set-up used. Saccharomyces cerevisiae MJJ2 was one of the very
few brewing yeasts that can utilize isomaltulose. But in Figure 1,




51 March / April 2008

BrewingScience

it can be clearly seen that in the same set-up and trial time, this
yeast performs a much slower fermentation of the isomaltulose
than Schizosaccharomyces pombe.

The results shown in Figure 5 were obtained by repeating the same
test using different strains of each microorganism tested, and it
was possible to verify the results for each of them. It is especial-
ly interesting to note that Saccharomyces diastaticus as well as
Lactobacillus brevis are not able to ferment isomaltulose. There
are even hints that the presence of isomaltulose inhibits the use of
other available carbohydrates by Saccharomyces diastaticus.

Figure 6 shows an exemplary result of an extensive series of tests
conducted on shandy type beer products. For the shandy type
beer, standard pilsner type beer was mixed 1:1 with lemonade,
the lemonade part varying only in the type of sweetener used:
sucrose, isomaltulose or high intense sweeteners. Amounts of the
sweeteners were adjusted in a way to keep the sweetness levels
of the drinks comparable. The produced beer-mixes were then
incubated with different beer spoilage microorganisms. Occurring
turbidity was used to measure spoilage.

Itcanbe clearly seen thatthe beer-mixes with the sucrose-sweetened
lemonade were spoiled very quickly, with the maximum turbidity
of 20 EBC reached on the second day of incubation. Interestingly,
the drinks with the high intense sweeteners were also spoiled (oc-
curring turbidity) rather quickly. Since high intense sweeteners are
not nutritive, it can be assumed that Saccharomyces diastaticus
performed cell multiplication on the dextrins that were present in
the beer part of the mix. Surprisingly, the turbidity rose much more
slowly in the drinks containing isomaltulose. It may be assumed
that the isomaltulose inhibited the usage of dextrins; otherwise, the
spoilage here should have been as fast as in the drinks containing
high intense sweeteners.

Additionally, a shandy made from lite beer that did not contain
any carbohydrates, was tested as shown for example in Figure 7.
By using this special beer, it was possible to exclude any car-
bohydrates being brought in by the beer part, leaving only the
sugars of the lemonade part in the drink. It was shown that none
of the typical beer spoilage microorganisms was able to spoil the
beer-mixes when high intense sweeteners or isomaltulose were
used in the lemonade.

Of course, these trials were also accompanied by taste tests, which
showed thatisomaltulose-lemonade based shandy showed a higher
sensorial acceptance than shandy with high intense sweeteners,
and that isomaltulose as a sweetener ranges at the same quality
level as the sucrose.

4 Conclusion

Evaluations of the reducing disaccharide isomaltulose to determine
its suitability in production of beer and beer specialties produced
promising results. Extensive screening tests demonstrated that
most common brewing yeasts are unable to ferment isomaltulose,
suggesting that the brewing industry would profit from adding
isomaltulose as early as possible in the brew house procedure. In

the finished product, isomaltulose has a positive influence on the
mouth-feel of alcohol reduced and alcohol free beers that usually
lack of body. In beer specialties such as beer/lemonade mix drinks,
itwas found that isomaltulose cannot be fermented by awide range
beer contaminants including Lactobacillus brevis and Saccaromy-
ces diastaticus. If isomaltulose is the only carbohydrate present in
the beer-mix product an increase of microbiological stability can
be achieved. Parameters like foam stability and stability against
occurring turbidity were not influenced.

It can be concluded that the use of isomaltulose in beer and beer
specialties will result in an improvement of the sensorial profile
and taste as well as the product stability.

5 Literature

1. Arai, Mizuno, Matsuo, Fukaya, Sasaki, Arima, Matsuura, Taketani,
Doi, Takeda: Effect of a novel palatinose-based liquid balanced
formula (MHN-01) on glucose and lipid metabolism in male
Sprague-Dawley rats after short- and long-term ingestion. Meta-
bolism, 53, 8, 2004, 977-983

2. Berg, A., Hamm, M. and Theis, S.: Kohlenhydrate und ihre glykéa-
mische Wirkung (Glykémischer Index, glykdmische Last). Praxis-
handbuch Functional Food, 22, 12/2005, 1-37.

3. Birkhed, D., Takazoe, I. and Frostell, G.: New Experiments on Pa-
latinose (Isomaltulose) as a Sugar Substitute. Dtsch Zahnirztl Z, 42,
1987, 124-127

4. Bornke, Hajirezaei, Sonnewald: Cloning and Characterization of the
Gene Cluster for Palatinose Metabolism from the Phytopathogenic
Bacterie Erwinia rhapontici., Journal of Bacteriology, 138, 8, 2001,
2425-2430.

5. De Costa, Suzuki, Yoshida: Structural and Functional Analysis of a
Putative Gene Cluster for Palatinose Transport on a linear Chromoso-
me of Agrobacterium tumefaciens MAFF301001. J. of Bacteriology,
185, 7, 2003, 2369-2373.

6. Emeis, C. and Windisch, S.: Palatinosevergérung durch Hefen. Zeit-
schrift fiir die Zuckerindustrie, 1960, 248-249.

7. Entscheidung der Kommission vom 4. April 2005 zur Genehmigung
des Inverkehrbringens von Isomaltulose als neuartiges Lebensmit-
tel oder neuartiger Lebensmittelzutat gemif3 der Verordnung (EG)
Nr. 258/97 des Europiischen Parlaments und des Rates (2005/457/
EQG).

8. Grupp, Siebert: Metabolism of hydrogenated Palatinose, an equimolar
mixture of a-D-glucopyranosido-1,6-sorbitol and a-D-glucopyrano-
sido-1,6-mannitol. Res. Exp. Med., 173 (3), 1978, 261-278.

9. Han, Cotty, Sottas, Jiang, Michels. Characterization of AGT1 encoding
a general B-glucoside transporter from Saccharomyces. Molecular
Microbiology, 17 (6), 1995, 1093-1107.

10. Jonker, L., Kozianowski, K. Isomaltulose (Palatinose): A review of
biological and toxicological studies. Food and Chemical Toxicology,
40, 2002, 1375-1381.

11. Jonker, Lina, Kozianowski. 13-Week oral toxicity study with isomal-
tulose (palatinose) in rats. Food and Chemical Toxicology, 40, 2002,
1375-1381.

12. Kashimura,J., Nagai, Y., and Ebashi, T. The effect of Palatinose on
mental concentrations in Humans, J Nutr Sci Vitaminal, 49, 2003,
214-216.

13. Kawai, Okuda, Yamashita. Changes in Blood Glucose and Insulin
after an Oral Administration in normal Subjects. Endocrinol. Japon.
Dec., 32(6), 1985, 933-936.




BrewingScience

March / April 2008 52

14. Lingstrom, Lundgren, Birkhed, Takazoe, Frostell. Effects of frequent ~ 22. Takazoe, Frostell, Ohta, Topitsoglou, Sasaki: Palatinose — A Sucrose
mouthrinses with Palatinose and Xylitol on dental Plaque. Eur. Oral. Substitute. Pilot Studies. Swed. Dent. J., 9 (2), 1985, 81-87.
Sci., 105 (2), 1997, 162-169. 23. Thompson, Pikis, Immel, Lichtenhaler, Hall: Metabolism of Su-
15. Matsuyama, Sato, Hoshino, Noda, Takahashi: Fermentation of five crose and its five linkage-isomeric a-D-Glucosyl-D-Fructoses by
Sucrose Isomers by Human Dental Claque Bacteria. Caries Research, Klebsiella pneumoniae Journal of Biological Chemistry, 273, 1998,
37,2003, 410-415. 7810-7813.
16. Methner, F.J., Kunz, T. and Schon, T.: Application of Optimized  24. Verfahren zur Reduktion von Schwefel- und Kiipenfarbstoffen,
Methods to Determine the Endogenous Antioxidant Potential of Européisches Patent, EP0943030, 11.06.1998.
Beer and other Beverages. EBC Congress 2007. . . .
25. Wach, W.: Mikrobielle Herstellung von Kohlenhydratderivaten.
17. Peltroche-Llacsahuanga, Hauk, Kock, Lampert, Liitticken, Haase: Symposium Biokonversion, 12./13.10.2005 Frankfurt (Main). www.
Assessment of Acid Production by various Human Oral Microorga- forserver.de/cms35/fileadmin/allgemein/veranstaltungen/biokonver-
nisms when Palatinose or Leucrose is utilized. J. Dent Research, 80 sion2005/wach.pdf.
(1), 2001, 378-384. . . o
26. Weidenhagen, L.: Palatinose (6-[Glucopyranosidio]fructo-furanose)
18. Pflasterer, A.: Energieschub fiir Sportgetrianke (1) Getrankeindustrie, einneues bakterielles Umwandlungsprodukt der Saccharose Zeitschrift
8, 2006, 20-23. fuir die Zuckerindustrie, 7, 1957, 533-535.
19. Phlak, Friedrichs: Alberta Honey Composition. Food Research In-  27. www.foodingredientsfirst.com/newsmaker _article.asp?Site=E0D45
ternational, 25, 2, 2003, 93-100. &nw=hd&idNewsMaker=446
20. Pikis, Immel, Robrish, Thompson: Metabolism of Sucrose and its  28. Ziesenitz, G.: Stufenweises Priifschema fiir Zuckeraustauschstofte
five Isomers by Fusarium morteferum. Microbiology, 148, 2002, — Vorpriifung mittels Enzymen. 2. B-Fructosidase aus Hefe. Zschr.
843-852. F. Erndhrungswissenschaft, 25, 1986, 248-252
21. Siebert, G.: Zucker, Zuckeraustauschstoffe, Stilstoffe—Physiologische
Wirkungen. Getreide Mehl und Brot, 41, 1987, 22-26. Received 18 January, 2008, accepted 10 April, 2008
Appendix
120
W Isomaltulose [%] after 5 days
Isomaltulose [%] after 11 days
100
— 80
&,
1]
w
o
3 60
©
£
o
2 40
20
0 =
Reference Schizosaccharomyces Saccharomyces Saccharomyces
pormrbe cerevisiae MJJ2 carlsbergensis MJ2
Microorgansim
Figure 1 Amount of isomaltulose in model solution after 5 and 11 days of fermentation (appr. 1,5 x 106 cells on 500 ml,

28 °C, aerobic conditions)
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Figure3 Fermentation of wort with and without isomaltulose at 12 °C, open fermentation
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Figure 4 Comparative tasting of alcohol reduced beer with and without isomaltulose (10 testers)
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Figure 5 Isomaltulose fermentation by beer spoilage microorganisms and two isomaltulose-fermenting yeasts in model
solution under anaerobic conditions, 28 °C, 7d, test tube scale
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Figure 6 Occurring turbidity in standard pilsner type beer based beer mix drinks after incubation with Saccharomyces
diastaticus (appr. 1,5 x 106 cells on 500 ml, 28 °C, 14d, max. turbidity: 20 EBC at 90°)
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Figure 7 Occurring turbidity in lite pilsner type beer based beer mix drinks after incubation with Saccharomyces dias-
taticus (appr. 1,5 x 106 cells on 500 ml, 28 °C, 14d, max. turbidity: 20 EBC at 90°)




