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Initial Situation: 

 
Many basic processes as w ell as single process 
steps of life sciences consist of a combinat ion 
of solut ion processes of suspended solids and 
degradation of natural macromolecules. In the 
area of food and feed-processing industry, 
pharmacy and biotechnology they are usually 
based on enzymatic catalyzed degradation pro-
cesses. In general the basic procedures of  these 
applicat ions are comparable and they are the re-
sult  f rom the part iculate solut ion of disperse 
raw  material (e. g. malt , f lour, pow der) or a 
linked transport -react ion-process. They are a re-
sult  of the process and substrate-dependent ac-
t ivity of an enzyme and of mass transfer proper-
t ies of the single part icles in a suspension. 
Examples are the lipolyt ic act ivity in a cleaning 
process, HFCS-product ion from corn meal, the 
enzymatic degradation of lignin during w ood 
processing, the enzyme-catalyzed protein dena-
turat ion of leather f inishing, the polymer hydrol-
sis of biogas product ion or bioethanol produc-

t ion as w ell as the mashing process of beverage 
product ion. 
Against this background it  becomes clear, that 
by enzyme-catalyzed depolymerisat ion process-
es related to various applicat ions not only tech-
nological factors have to be considered, but also 
the complete system of depolymerisat ion pro-
cesses, enzyme kinet ics and mass transfer 
linked to each other have to be invest igated. 
The impact of a complex cascade on the inter-
pretat ion of the process technology, in w hich 
the individual phenomena are not the important 
one, is not possible w ithout a model-based 
analysis. 
The object ive of the project consists in the re-
search of mechanisms of enzymatic act ivity and 
the inf luencing mass transfer during depolymeri-
sat ion processes. As a research object the 
starch degradation during the mashing process 
is chosen. The results are combined in a simula-
t ion tool w hich can be used in brew eries or 
linked industries, e. g. the product ion of w ort 
based beverages or ethanol, for process plan-
ning and especially opt imizat ion 
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Research Results: 
 
Within the project the dependence of starch 
degradation on molecular w eight depend en-
zyme kinet ics as w ell as mass transfer of reac-
tants has been studied and a populat ion dynam-
ics model for enzyme kinet ics of starch 
degradation has been developed.  
In addit ion, pract ical-applicable temperature-t ime 
prof iles of real matrix systems in mashing and 
brew ing trials (barley malt  mash) and their inf lu-
ence on the starch degradation have been inves-
t igated, result ing in a transfer of the results to 
applicat ions in pract ice.  
In the studies the inf luence of mass transfer 
phenomena on enzymatic starch conversion w as 
invest igated. The w ater uptake and starch pol-
ymer leaching of part iculate starch are evident 
for starch gelat inizat ion and w ere described by 
mass transfer correlat ions. A successful devel-
opment of a mechanist ic and predict ive model 
of enzymatic starch conversion needs to take in 
account the involved mass transfer mecha-
nisms. For this reason the necessary dif fusion 
coeff icients w ere examined experimentally. The 
mass transfer resistance is doubtlessly w ithin 
the primary starch part icle. Intensif icat ion of 
convect ive mass transfer in the liquid phase of 
starch suspension has negligible effects. Like-
w ise, the comminution of starch raw  material, 
w ith comminution machines used usually in the 
brew ery, has only a minor effect on the mass 
transfer. Coupling of these results w ith the de-
veloped populat ion balance model offers a de-
script ion of the enzymatic starch conversion in 
more detail. 
Furthermore a populat ion balance model describ-
ing the evolut ion of the chain length- and 
amount of branching distribut ion for starch has 
been developed. The model is based on litera-
ture data about the mechanisms of the three 
most  important enzymes (α-amylase, β-amylase, 
and limit  dextrinase) and the process parameters 
(pH, ion-concentrat ion, and temperature). E.g., 
the dependence of the act ivity of α-amylase in 
the pH-range 3-9 is modeled excellent ly. This 
populat ion balance model can serve as a basis 
for model-based control and opt imizat ion. 
For unbranched and branched starch a numeri-
cal method has been developed. Therefore, 
complex depolymerizat ion processes can be 
simulated fast and accurately. The method w as 
around 1000 t imes faster than the kinet ic Mon-
te-Carlo method for short -chained and un-
branched saccharides. A user friendly tool has 
been developed for the depolymerizat ion of un-
branched starch. 
An ident if iability-study and a parameter est ima-
t ion from experimental data imply that the miss-
ing model parameters can be est imated w ith a 
low  number (< 10) of measurement of chain 
length-distribut ions. This is a signif icant im-
provement compared to current methods w hich 
require circa 5 t ime prof iles for around 10 mon-
odisperse init ial condit ions. 

Determining the enzyme kinet ics of starch deg-
radation (amylolysis) of the single amylolyt ic en-
zymes in pure starch by the molecular w eight of 
the starch degradation products measured by 
means of  f ield-f low  fract ionat ion system w as 
not realizable. Thus, the focus w as put on the 
experimental setup for the measurement of  
temperature-t ime prof iles in pract ical matrix sys-
tems (barley malt  mash) and their inf luence on 
starch degradation. With the results, it  is possi-
ble to control the starch degradation by the 
mashing parameters (t ime and temperature, 
mashing procedure) and the malt  modif icat ion 
(Kolbach index). For the first  t ime, this could be 
detected analyt ically using AF4 method to track 
the molecular size distribut ion of the starch deg-
radation products. 
The molecular w eight distribut ion of starch deg-
radation products in beer depends on the mash-
ing-in-temperature as w ell as raw  material quali-
ty (modif icat ion). 
 
Regardless of the proteolyt ic modif icat ion the 
molecular w eight distribut ion of starch degrada-
t ion products in beer by using a high-short-
mashing-procedure (mashing-in-temperature of 
63°  C) compared to low er mashing-in-
temperatures of 45°  C or 55°  C increases sig-
nif icant ly.  
The overall level of the molecular w eight distri-
but ion using an undermodif ied malt  (Kolbach in-
dex 36 %) is signif icant ly higher than by the use 
of a protein solut ion level of 41 % Kolbach in-
dex. The degree of modif icat ion and the spec-
trum of polysaccharides achieved by process 
management show ed great inf luence on the re-
sult ing beer characterist ics (especially pal-
atefullness). 
By due considerat ion of all results it  can be con-
f irmed, that dealing w ith enzyme catalyzed de-
polymerisat ion processes in various applicat ions 
not only technological variables should be con-
sidered, but the enzyme kinet ics as w ell as 
mass transport of reactants have to be invest i-
gated coupled. 
The developed model describing the individual 
phenomena in combination w ith the experi-
mental results allow s a detailed understanding 
of the process technology. The complexity of 
the experimental setup of enzyme-substrate re-
act ions demands further research in this f ield. 
How ever, further development based on the de-
veloped model linked to the know ledge of mass 
transport should be cont inued. 
 

Economic Value: 

 
More than 1000 SMEs of the malt ing and brew -
ing industry w ill benefit  f rom the obtained re-
sults during the project. Until today the mashing 
process cannot be simulated or controlled inline. 
The developed simulat ion model can serve as a 
basis for model-based control and opt imizat ion 
of the starch degradation during the mashing 
process. A further development of the model 
opens up the possibility of process control and 
allow s individual management of single brew s or 
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batches of raw  material to manage the mashing 
process in an economical w ay.  
Furthermore, important know ledge about inter-
act ion of mass transfer processes and enzymat-
ic degradation can be provided. This allow s, for 
example, the opt imizat ion of the energy-
intensive grinding processes (step before mash-
ing). The results are very useful for process op-
t imizat ion in the brew ing industry and linked in-
dustries or for similar processes of life science 
applicat ions. Results on starch gelat inizat ion, 
w hich is fundamental for enzymatic degrada-
t ion, promise an opt imizat ion of the tempera-
ture-t ime prof iles during the mashing process in 
considerat ion of variable raw  material quality. 
 
Due to the insuff icient reproducibility of the 
measurement system caused by unsolved pure 
starch as w ell as the enormous react ion rate of 
the enzymatic starch degradation of < 1 min, if 
the starch is in solut ion, temperature-t ime pro-
f iles of enzyme kinet ics of single amylolyt ic en-
zymes could be detected w ith limited success. 
Here, addit ional support and further research is 
necessary. How ever, w ithin the project, tem-
perature-t ime prof iles of pract ical matrix sys-
tems (barley malt  mashes) and their inf luence 
on starch degradation could be analyzed suc-
cessfully. With these results the adaption of 
starch degradation managed by the mashing pa-
rameters (t ime and temperature) as w ell as the 
modif icat ion of malt  (Kolbach index) can be car-
ried out and thus the degradation of starch can 
be controlled in detail. In addit ion, a new  meth-
od for detect ing the molecular size distribut ion 
of starch degradation products in mash and beer 
w as developed w hich can be direct ly applied in 
pract ice.  
 
The degree of polysaccharide degradation can 
be inf luenced by the management of the mash-
ing procedure and as a result  the beer quality 
can be signif icant ly improved (especially the full-
bodied).  
 
The developed populat ion balance model for en-
zymatic depolymerizat ion of branched starch 
can be used and validated for the obtained data 
of the real matrix systems. The pract ical results 
and the developed analyt ical method (AF4 / 
aFFFF) for detect ing the molecular size distribu-
t ion in mash and beer can be direct ly applied in 
pract ice. The research f indings enable the brew -
ing industry to achieve an opt imizat ion of the 
recipe or an adaptat ion of the technology to get 
signif icant quality improvements and potent ial 
to control the process more eff icient.  
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