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The formation of haze is a serious problem of bright beers be-
cause it limits the storage life of the bottled or barrelled product. 
The problem is particularly evident in the bottle. Haze (chill haze) 
is said to be caused by different substances and mechanisms. The 
most commonly held opinion makes a protein polyphenol interac-
tion responsible for its formation. Therefore efforts of the brewing 
industry are targeted towards a minimization of one or both of these 
components by filtration through PVPP (polyvinylpolypyrrolidone) 
and diatomite (Celite). The objective of this study was to trace the 
influence of polyphenols as well as other phenolic substances on 
the colloidal stability of beer and to lay the foundation for tracing 
them throughout the brewing process. In regard to chill haze per-
formance and brewing stabilisation, the repeated reference to poly-
phenols led us to examine the polyphenol content of isolated chill 
haze in detail. Based on an existing method normally used to de-
termine the polyphenol composition of beer and wort, a modified 
approach was developed to examine polyphenols in chill haze. To 
examine the possible influence of polyphenols on chemo-physical 
endurance, beer samples taken throughout the brewing process, 
isolated chill haze and permanent beer turbidity were determined 
by HPLC-DADQTOF- MS, UPLC-DAD-QTOF-MS and nano ESI 
chip-QTOF-MS. This is the first part of our work and only dis-
cusses the polyphenol analysis in wort, beer and isolated haze per-
formed by HPLC-DAD-QTOFMS and nano ESI chip-QTOF-MS. 
Haze properties were not studied using kinetics but analytical meth-
ods with the aim to identify single components. The influence of 
some polyphenols on the formation of haze clouding was observed. 
The strong influence of hop substances on the colloidal stability 
could be demonstrated. 

 
Study on the Applicability of Isomaltulose (Palatinose™) in 

Beer and Beer Specialties, and Its Remarkable Results. R. Pahl, 
F.-J. Methner, J. Schneider, J. Kowalczyk, S. Hausmanns, and A. 
Radowski. Brew. Sci. (Monatsschr. Brauwiss.) 61(3/4):49-55, 2008. 

The functional disaccharide isomaltulose (Palatinose™) was tested 
to determine its suitability as an ingredient in beer and beer special-
ties, 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 nonfermentability, promising re-
sults were obtained with respect to the microbiological stability, and 
to the sensorial profile and taste of beer and beer specialties. 

 
Protein Changes During Malting of Barley Using Novel Lab-

on-a-Chip Technology in Comparison to Two-Dimensional Gel 
Electrophoresis. Ch. Klose, B. D. Schehl, and E. K. Arendt. Brew. 
Sci. (Monatsschr. Brauwiss.) 61(3/4):56-65, 2008. 

During the malting process storage proteins are degraded by pro-
teolytic enzymes into small peptides and amino acids. The activity 
of these enzymes was measured at various stages during malting of 
barley and was found to be increased. To visualize proteolytic deg-
radation, proteins of unmalted, germinating and malted grains were 
fractionated. After extracting the proteins on the basis of their solu-
bility (Osborne fractionation) protein fractions were analysed using 
a Lab-on-a-Chip technique, which separates the proteins, based on 
their molecular weight, by capillary electrophoresis. This new tech-
nique for the analysis of proteins was supported by using two-di-
mensional gel electrophoresis. In addition, amino acid analysis on 
barley and barley malt was carried out. In general a degradation of 
the proteins to small peptides and amino acids could be observed 
in all fractions. In the albumin and globulin fraction also a protein 
increase was observed, which is due to the fact that these fractions 
contain the majority of the metabolically active proteins. The Lab-
on-a-Chip analysis technique was found to be appropriate for analy-
sis of degrading or increasing proteins, as it revealed rapid, repeat-
able and reliable results, which could be validated by using com-

mon protein analysis techniques such as two-dimensional gel elec-
trophoresis and amino acid analysis. 

 
Evaluation of a New Optical Sensor for Measuring Dissolved 

Oxygen by Comparison with Standard Analytical Methods. 
J. Titze, H. Walter, F. Jacob, A. Friess, and H. Parlar. Brew. Sci. 
(Monatsschr. Brauwiss.) 61(3/4):66-80, 2008. 

The determination of the concentration of dissolved oxygen (O2) 
plays an important role in different stages of beer production. Only 
precise, stable and fast measurement procedures for determining 
the oxygen content in beer are therefore suitable for the use in brewer-
ies. A research project was carried out in order to evaluate the newly 
developed oxygen measurement system built in the CO2/O2 Ge-
haltemeter type c-DGM of Haffmans BV by comparison with other 
standard analytical references such as the Orbisphere 3650 from 
Hach Ultra Analytics GmbH and the DIGOX 6 from Dr. Thiedig 
& Co. The purpose of this study was to determine the precision 
and accuracy as two main criteria for the evaluation of a suitable 
oxygen measurement in the brewing industries, since the precision 
describes the quality of a measurement procedure and the accuracy 
the level of agreement between the indicated and real value. The 
measurement system of the c-DGM was compared with the certi-
fied reference systems during a series of tests. The measurement 
methods of the reference systems are specified in Brautechnische 
Analysenmethoden, volume II of the Mitteleuropäische Brautech-
nische Analysenkommission (MEBAK) and are considered to be 
the recognized procedure for oxygen regulation in the brewing in-
dustry. It was observed that in comparison to the reference systems, 
the oxygen measurement system built in the c-DGM exhibited an 
effective work performance regarding precision and accuracy, and 
moreover signalized a fast response and low calibration efforts. 

Volume 61(5/6) 2008 

Design of a Pilot Setup to Sort Damaged Returned Empty Bev-
erage Crates in an Automatic Filling Line. M. Schmidt, C. Eder, 
and A. Delgado. Brew. Sci. (Monatsschr. Brauwiss.) 61(3/4):81-93, 
2008. 

The inspection of returned beverage crates as well as bottles in 
industrial automatic filling lines is mainly performed by imaging 
systems. These systems are not able to detect invisible damages or 
embrittlement. A powerful novel system based on the principle of 
mechanical vibration analysis for the detection of small and con-
cealed damages is presented. The selection of individual crates is 
performed automatically by a pre-trained artificial neural network 
(ANN). Numerical finite element simulations form a basic insight 
into the vibration behaviour of the crates and help to plan a pilot 
setup. This leads to a final recognition rate of more than 99% over 
all checked crates in a prototype for industrial use. 

 
The Use of Response Surface Methodology to Optimise Malt-

ing Conditions of Tef (Eragrostis tef (Zucc.) Trotter) as a Raw 
Material for Gluten-free Foods and Beverages. M. Zarnkow, C. 
Almaguer, F. Burberg, W. Back, E. K. Arendt, S. Kreisz and M. 
Gastl. Brew. Sci. (Monatsschr. Brauwiss.) 61(3/4):94-104, 2008. 

Celiac disease is a condition, in which case the person’s body 
reacts to the prolamins of wheat, rye, barley, and oats. The only 
way to treat CD is a total lifelong avoidance of gluten consumption. 
In this study Tef (Eragrostis tef L.), which belongs to the family 
poaceae that is regarded as gluten free, was used as raw material. 
The objective of this study was to optimize the malting conditions 
to produce a gluten free malt of high quality for gluten free foods. 
Tef, with a thousand kernel weight of 0.3–0.4 g, needed special 
arrangements like small sieves etc. Tef has a remarkable agronomi-
cal advantage that the water requirement is probably the lowest of 
any major cereal. Response surface methodology was used to in-
vestigate the influence of the three malting parameters, vegetation 
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time, degree of steeping and temperature on the quality of tef malt. 
Each predictor variable was tested at three levels. Vegetation times 
were 4, 5 and 6 days, degrees of steeping were 46, 50 and 54 % 
and vegetation temperatures were 16, 20 and 24 °C. Kilning tem-
peratures of 65 °C were used. The used analyses were based on meth-
ods outlined in EBC or by MEBAK. The raw material was yielded 
2006 in Utah, USA. A range of malt quality parameters was deter-
mined including extract, apparent attenuation limit, gelatinisation 
temperature, α-amylase activity, β-amylase activity, limitdextrinase 
activity, Kolbachindex, alpha amino nitrogen, viscosity, and col-
our. The achieved values slightly deviate from the calculated ones. 
The obtained attributes were 52.1 % extract, 69.1 % AAL, 84 U/g 
α-amylase activity, and 187 U/g β-amylase activity, 1062 U/kg 
limit dextrinase activity, 5.9 EBC colour, 285 mg/100 g FAN and 
2.782 mPa × s viscosity. This publication shows clearly that on 
the one hand RSM is a prove method for testing the malting con-
ditions of unknown cereals and on the other hand Eragrostis tef is 
a crop with a potential as a raw material for malting purposes. 

 
Measurement of Water Vapour Ingress in PET Bottles and 

Correlation with Oxygen and Carbon Dioxide Permeation. 
J. Schneider, I. Weber and R. Pahl. Brew. Sci. (Monatsschr. Brau-
wiss.) 61(3/4):105-112, 2008. 

The beer and beverage industry is using ever more barrier en-
hanced plastic bottles for the filling of its products. The quality of 
the products can be considerably affected by the permeation of oxy-
gen into the bottle and carbon dioxide out of it. The quality con-
trol of the bottles with particular emphasis on the gas barrier is 
thus of great importance. However, the conventional gas permea-
tion measuring method needs too much time. In order to respond 
effectively and quickly to barrier defects, bottle production or in-
coming goods inspection measuring time must be shortened, for 
example by 2 hours. A physical problem of a quick measurement 
of oxygen is the comparably long unsteady state of permeation due 

to desorption of oxygen into the bottle after filling. In order to over-
bear this difficulty methods are tested which use other gases or as 
in this instance water vapour. Instead of a complete permeation only 
the migration of water from PET into the bottle inner is measured. 
The ruggedness of the method meets the requirements of the prac-
tical measurement conditions. The correlation of the water vapour 
migration rate with the permeation of carbon dioxide and oxygen 
measured with a real-time method is linear. Active barriers em-
ploying scavenger material can not be detected by the water va-
pour ingress measurement. 

 
The Influence of Hop Products on Beer Flavour Stability. 

C. Zufall, K. Wackerbauer and C. Brandt. Brew. Sci. (Monatsschr. 
Brauwiss.) 61(3/4):113-120, 2008. 

The use of reduced iso-alpha-acids in brewing has become more 
widespread in past years, although their characteristics during beer 
ageing are not completely known. During our investigations, im-
portant differences in ageing characteristics were detected not only 
between the categories of reduced and non-reduced hop extracts, 
but also within the group of beers containing reduced hop prod-
ucts. Forced ageing in the absence of light had the strongest im-
pact on beers hopped with CO2-extract, followed by iso-alpha-ex-
tracts. Rho, Tetra and Hexa showed a significantly better stability 
with the tendency to improve from Rho- over Tetra- to Hexahydro-
isohumulone. Under light exposure, besides showing lightstruck 
flavour, beers hopped with CO2-extract were the first to show card-
boardy oxidation aroma, while beers containing only reduced hop 
products were virtually unaffected. Extended periods of light ex-
posure, however, led to the formation of methyl-furfuryl-disulphide 
(MFDS) off-flavour, also in lightstable beers, as previously reported 
[1]. The findings from sensory analysis could be confirmed by in-
strumental analysis of chemiluminescence behaviour. The results 
indicate clearly that the choice of hop products has a decisive in-
fluence on beer flavour stability. 

 


