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Topics from life sciences affect almost every aspect of modern life 
and impose numerous questions for research. The School of Life 
Sciences FHNW takes on the challenge and the responsibility of 
developing solutions and transferring knowledge from research to 
practice. Together with industry and academic partners we address 
unmet medical needs, demands for better or safer products and 
solutions for environmental sustainability. The broad spectrum of 
our technology competence as listed in the appendix of this report 
is clearly a strength of the University of Applied Sciences. 

Our studies in Molecular Technologies, Therapeutic Technologies 
and Environmental Technologies contribute to significant added val-
ue, whether a new product, services or business development. The 
examples described here include novel diagnostic assays, con-
cepts for home monitoring or patient-specific implants. The applica-
tion of nanotechnology for innovative surgery is being explored with 
university hospitals. Our researchers address the increasing global 
concern about resource scarcity by developing new processes for 
environmental remediation. Examples here are the projects on phos-
phorous recovery from sludge or the valorization of industrial waste-
water from rose oil distillation. Overall, the development of our 
 research continues to be extremely positive. We are also very proud 
of the spin-off companies which evolve from our research.

Our project portfolio is well balanced: most projects are financed by 
industry or co-funded with the Commission for Technology and In-
novation. Finance from the Swiss National Science Foundation and 
the European FP7 Program completes the funding regime and un-
derlines the high standard of our research. 

I wish you great pleasure while browsing through this report. 

Gerda Huber
Director, School of Life Sciences FHNW
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β-sheet structures, under conditions found in the caries lesion. 
It generates a supramolecular 3D network after application on cari-
ous lesions. This 3D network triggers the nucleation of hydroxyap-
atite nano-crystallites along its fiber axes resulting in a regenera-
tive padding of the lesion [1], [3]. 

Studies of diffusion, assembly and remineralization process-
es were performed in vitro on artificial demineralized sub-surface 
lesions on human teeth [4], [5].

Both remineralization and demineralization methods are de-
veloped in parallel, for the natural human tooth system and also for 
the biomimetic tooth model.

Results
In the first instance an artificial in vitro caries model was ap-

plied to human teeth by controlled acidic caries-like demineraliza-
tion (Fig. 1, arrow A). An extracted human premolar was covered 
with varnish, leaving out a square (5x5mm) that is supposed to be 
demineralized. This prepared tooth was incubated for 3 days in 
 demineralization buffer (pH 4.4) and resulted in an artificial sub-sur-
face lesion of approximately 100μm in depth. In order to simulate 
the acidic condition in natural caries lesions that is caused by bacte-
rial fermentation of food debris, the artificial lesion was acidified. 
The artificial sub-surface cavities generated were treated either 
with the peptide, which is sensitive to low pH resulting in a self-as-
sembled 3D network (Fig. 1, arrow B), or only with buffer as a ref-
erence. Finally the teeth were incubated for at least 2 weeks in 
remineralization buffer (pH 7.4) (Fig. 1, arrow C).

Primary results with computer tomography (μ-CT) showed a 
significant increase of density, and therefore a remineralization, in 
the area of artificially induced sub-surface lesions, comparing a 
non-peptide treated reference with a peptide treated sample (Fig. 2). 
After remineralization the incorporated peptide was extracted from 
the sub-surface lesion by drilling the area out and processing the 

Biomimetic mineralization
of early caries lesions 
with a self-assembling
peptide
 
Dental caries is the number one disease worldwide that causes demineralization 
and destruction of tooth tissue. Non-invasive dental medicine interventions for  
remineralization of carious lesions are rather limited. Current research is 
focused on a biomimetic remineralization method of regenerating sub-surface carious 
lesions in tooth enamel by means of a short self-assembling peptide. 

Lucy Kind
Keywords: Biomimetic mineralization, self-assembling, peptide, caries, phantom body

Introduction
Dental caries is one of the most common diseases world-

wide, causing significant impacts on global healthcare systems [1]. 
Caries is an acid catalyzed demineralization of the enamel and den-
tin of teeth caused by bacteria such as Streptoccus mutans, Strep-
tococcus sobrinus and Lactobacillus (early childhood)[2] resulting 
in a final break down of these tissues forming carious cavities. 
Therefore the development of methods to regenerate carious 
 lesions, recovering and retaining teeth and avoiding conventional 
costly treatments or loss of teeth are highly desirable.

Currently early dental caries is treated by mechanical tech-
niques, such as dental fillings, tooth extraction, or by applying 
 protective barriers to the tooth surface, e.g. fluoride varnishes. 
Non- invasive interventions in dental medicine for remineralization 
of carious lesions are rather limited. Biomimetic mineralization is a 
very promising field, combining biocompatible materials with a 
non-invasive application. 

A promising regenerative approach is based on a short-
chained peptide, which self-assembles in situ into fibers based on 

Further studies on the remineralization therapy by 3D-self-as-
sembled peptide supramolecular networks, either in natural teeth 
or in artificial tooth model are in progress.

Conclusion and Outlook
In summary the project shows very promising results. Diffu-

sion of the self-assembling peptide into the carious lesions of 
 human teeth and their remineralization demonstrates the non-inva-
sive regeneration potential of the self-assembling peptide proved 
by μCT data.

The local presence of peptide in artificially-generated sub-sur-
face lesions were analyzed by photo plate and scintillation counter 
with the aid of a synthesized C14 labeled peptide. Comparable con-
clusions could be made by analyzing the peptide, which was 
labeled with a fluorescent dye by confocal microscopy.

Critical point drying, SEM and TEM and FTIR provided an in-
sight into the structure of the self-assembled peptide network.

Analytical methods such as small angle X-ray scattering 
(SAXS), Raman spectroscopy, Confocal microscopy and enzyme- 
linked immunosorbent assay (ELISA) will be applied to gain deeper 
understanding of the whole process. 

In addition, suitable technology was developed to process 
hydroxyapatite into an artificial tooth model with similar mechanical 
and chemical properties to human teeth for testing purposes. This 
artificial tooth model also allows study and development of innova-
tive compounds for biomineralization.

Mixing porogen particles with hydroxyapatite powder, com-
pressing the mixture and sintering the phantom bodies in order to 
pyrolize the porosifier, showed a comparable structure to dentin, 
with some deviations. This approach can be optimized in terms of 
the type of porosifier, ratio of components and pressure.

References
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sample for Matrix-Assisted Desorption/Ionization – Time of Flight 
(MALDI-TOF) analysis. This method proved that the peptide was 
still inside the lesion, even after two weeks' incubation in reminer-
alization buffer (Fig. 2). By labeling the peptide radioactively with 
C14, conclusions could be made about the local presence in the 
sub-surface lesion and the amount of peptide which diffuses out of 
the lesion into the remineralization buffer over time. These experi-
ments were analyzed by photo plate and scintillation counter. 

Furthermore the presence of the sole peptide network was 
also confirmed by applying critical point drying and analysis with 
Scanning Electron Microscopy (SEM). Supplemental staining meth-
ods for the β-sheet structure or the application of an antibody assay 
specific to the peptide sequence could be implemented.

To produce bioceramic tooth models, a suitable technology 
was developed to process raw ceramic material (Fig. 3). The proce-
dure was further optimized to develop hard enamel-like and more 
porous dentin-type structures. Furthermore the possibility to simu-
late the natural porosity of enamel was tested, by mixing porogene 
particles with hydroxyapatite before pressing and sintering the 
phantom bodies. 

Biomimetic tooth models (phantom bodies) based on com-
pressed synthetic hydroxyapatite (HA) could be successfully 
 produced (Fig. 3). The requirements to achieve the characteristics 
of natural tooth enamel and dentin (comparable mechanical and 
chemical properties) were confirmed by mercury intrusion porosim-
etry (MIP), Brunauer, Emmett, Teller (BET) gas adsorption, x-ray dif-
fraction (XRD), and Vickers hardness (VH). Artificial lesions were 
generated by acid treatment similar to the process causing caries 
in human teeth. However, the resulting lesions did not exactly 
match the expected parameters and have to be improved.

Figure 1 Artificially induced sub-surface lesions (A) on human teeth  
followed by application of peptide (B) and remineralization (C).

Figure 3 (1) Final phantombodies (PBs): blue (enamel-like) and white 
(dentin-like). (2) Biomimetic enamel-like tooth model with artificially induced 
lesion. (3) mCT images of PB: (A) enamel-like reference, (B) with cellulose, 
(C) with Polyvinylalcohol (PVA), (D) with Polyethylenglycol (PEG)

Figure 2 Matrix-Assisted Desorption/Ionization – Time of Flight  
(MALDI-TOF) results: (A0) Reference: untreated artificial lesion drilled out  
of a human tooth sample without peptide treatment - (B0) Artificial  
lesion drilled out of a human tooth sample after application of Peptide 
(10mg/ml) (expected mass: 1595 m/z) and incubation for 14 days in remine-
ralization buffer. Inlay: Transmission Electron Microscopy (TEM) image  
of self-assembled peptide. Micro Computed Tomography (mCT) images  
of a transversal profile through a sub-surface lesion in enamel. (A1) Spe-
cimen imaged after demineralization and (A2) reference. (B1) Specimen 
imaged after demineralization peptide and (B2) after peptide  
treatment and remineralization for 14 days.
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The aim of this work is to develop a cellular system that allows 
rapid screening of new intracellularly created triterpenoids (a sub-
class of terpenoids) – because of their potential to affect 11β-HSD1 
activity – for a highly specific and strong inhibitory effect against 
11β-HSD1 activity without affecting the reverse reaction (Fig. 1). 
The rationale is to mutate the central enzyme randomly within the 
triterpenoid pathway, the oxidosqualene synthase. There are 
many differ ent oxidosqualene synthase genes within the plant 
kingdom and the respective enzymes convert the substrates into 
different triterpenoid products such as β-amyrin, lupeol or other 
compounds. The pool of mutant oxidosqualene synthase genes 
can then be expressed from Yeast Artificial Chromosomes, so 
called eYACs, a technology owned by Evolva SA. Yeast cells, ex-
pressing a mutant oxidosqualene synthase that produces a trit-
erpenoid inhibiting 11β-HSD1 activity, would enable stable pro-
duction of green fluorescent protein (GFP) and can thus be 

Synthetic biology for 
the discovery of novel
11β-HSD1 inhibitors
 
Excessive cortisol production through 11β-hydroxysteroid dehydrogenase  
type 1 (11β−HSD1) has been implicated in several diseases such as metabolic  
syndrome, type II diabetes, obesity and skin aging. This project aims  
to discover novel specific inhibitors of 11β-HSD1 using Evolva’s Synthetic Biology 
Technology Platform and a new cellular assay system.

Eric Kübler, Rosario Vanella, Anna Weston, School of Life Sciences FHNW
Keywords: synthetic biology, triterpenoid, oxidosqualene synthase, 11β-HSD1, obesity, metabolic syndrome

Introduction
Glucocorticoids (cortisol and corticosterone) are a vital class 

of steroid hormones secreted by the adrenal cortex and regulated 
by the adrenocorticotropic hormone (ACTH) largely under the 
control of the hypothalamic-pituitary-adrenal axis. Glucocorticoids' 
main mechanism of action is through binding to the glucocorticoid 
receptor, thereby inducing transcriptional activation of large sets of 
downstream effector genes. On the cellular level, cortisol availabil-
ity is regulated through pre-receptor regulators which act as molec-
ular switches for receptor-active and receptor-inactive glucocorti-
coid hormones. The key regulators are two isoforms of the family 
of short-chain dehydrogenase/reductase enzymes, named 
11-hydroxysteroid dehydrogenases – 11β-HSD1 and 11β-HSD2. 
11β-HSD1 acts as a reductase in many tissue types and regener-
ates active cortisol from cortisone; 11β-HSD2 catalyses the oppo-
site reaction. There is growing genetic and physiological evidence 
that 11β-HSD1 plays a pivotal role in the pathogenesis of many 
diseases, most notably obesity and metabolic syndrome.

Large libraries of synthetic chemical compounds have been 
interrogated in the quest to find isoenzyme selective, non-steroi-
dal inhibitors with favorable drug-like properties. Natural products 
showing a favourable toxicity profile as compared to purely syn-
thetic compounds are highly sought after by industry. Triterpenoids 
such as ursolic acid and glycyrrhetinic acid have recently been 
shown to exhibit 11β-HSD1 inhibitory activity.

Several natural product inhibitors of 11β-HSD1 have been 
evaluated in rodent animal models and some are in development 
for human use [4]. However, most of the compounds lack specific-
ity, meaning they also inhibit 11β-HSD2 or even other enzymes. 
Recently the first specific 11β-HSD1 inhibitors were tested in clin-
ical Phase II trials and showed a beneficial effect on hepatic insulin 
sensitivity, peripheral insulin-stimulated glucose uptake and reduced 
plasma cholesterol levels [5].

genes into the yeast artificial chromosomes and transformed them 
into yeast. These cells are ready to be screened for the synthesis of 
inhibitory triterpenoids with a highly technical in vivo assay system. 
The mutant genes will be expressed in a yeast cell that recombi-
nantly expresses 11β-HSD1, the glucocorticoid receptor (GR), a 
protease under the positive control of a cortisol activated glucocor-
ticoid receptor and a construct expressing the green fluorescent 
protein. In this system, added cortisone would be converted to cor-
tisol by 11β-HSD1. Cortisol then binds GR and this would activate 
the expression of a protease that in turn would degrade GFP. The 
yeast cell does not turn green. If, however, the yeast cell synthesiz-
es a triterpenoid dependent on a mutant oxidosqualene synthase 
gene that prevents the conversion of cortisone to cortisol by 
11β-HSD1, the GR is not activated and no protease can be ex-
pressed to destroy the GFP. Such a cell can be detected by FACS 
analysis and isolated for further processing. We constructed the 
system and have shown that it works. The first step needs some 
fine tuning for optimal screening conditions.

Conclusion and Outlook
A system has been developed that allows (a) the synthesis of 

new triterpenoids within yeast cells and (b) the specific screening 
of tripterpenoids inhibiting the enzyme 11β-HSD1. Such a triter-
penoid would serve as a candidate molecule for development into 
a pharmaceutical drug for the treatment of cortisol dependent dis-
eases such as obesity. The huge collection of mutant oxidosqualene 
synthases produced can also be used for a plethora of other pur-
poses by the scientific community as the triterpenoid field is wide 
open for many applications. 

A potential issue related to inhibition of 11β-HSD1 could be a 
reduction of the systemic cortisol level. This in turn may lead to 
stimulation of the hypothalamic-pituitary-adrenal axis and a conse-
quent increase in adrenal androgen synthesis that could lead to in-
fertility, hair loss or hyperandrogenism in women or precocious 
puberty in men. However administration of specific small molecule 
11β-HSD1 inhibitors in healthy humans either did not [1] or only 
slightly activated the HPA axis [3].
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rapidly isolated through  fluorescence associated cell sorting 
(FACS) analysis. The triterpenoid compound responsible for inhi-
bition of the 11β-HSD1 activity can then be isolated as a potential 
substance for further development into a pharmaceutical com-
pound. 

Results
At first, we adapted the high throughput mutagenesis meth-

od “DNA Family Shuffling” [2] for our purposes. The oxidosqualene 
synthase genes of four different species were first divided into 11 
sequential sub-sequences. All of these sub-sequences were then 
amplified by polymerase chain reaction (PCR) and assembled in 
such a way that the resulting genes consist of a mixture of the 4 
different species and thus represent mutants of the wild-type 
genes (Fig. 2). A total of 411 (about 4 million) different mutants can 
be constructed in this way. Various sets of experiments differing in 
various species as source material for DNA Family Shuffling result-
ed in a total of more than 10 million oxidosqualene synthase gene 
mutants. We sequenced several dozen of them to prove success-
ful recombination of the fragments (Fig. 2). The parental genes as 
well as a few mutants were individually transformed into yeast to 
test for expression of the genes and functionality of the respective 
proteins. Reverse transcriptase PCR and Western blot experiments 
have shown successful expression of both the wild-type and some 
of the oxidosqualene synthase mutant genes. In addition, triter-
penoid extracts of yeast cells expressing either wild-type or mutant 
oxidosqualene synthase genes were analyzed by gas chromatogra-
phy. Fig. 3 shows an example in which the expression of the wild-
type β-amyrin oxidosqualene synthase gene led, as expected, to 
the synthesis of β-amyrin while one of the mutant gene products 
was only able to synthesize small amounts of this compound. This 
shows that our mutant genes can lose their original activity, a pre-
requisite for gaining a new activity. We assembled the mutant 

Figure 2 Subset of 10 mutant genes, randomly created from the 11 subse-
quences from 4 wild-type genes (EV42, 43, 48, 49).

Figure 3 β-amyrin synthesis in yeast and detection through GC-MS. Above: 
mutated gene with low wild-type (wt) activity. Below: wt gene with normal 
activity.

Figure 1 Concept of how to generate new triterpenoids within a yeast cell. 
The eYAC contains part of the mutant oxidosqualene gene library.
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and carbon dioxide by tyrosine apo-decarboxylase (EC 4.1.1.25) 
from Streptococcus faecalis. The radioactive tyramine was selec-
tively extracted and quantified by scintillation. The rate of the reac-
tion correlates linearly with PLP concentration, which remains con-
stant, since PLP is regenerated during the process. 

We designed several non-radioactive assay models based on 
different PLP-dependent enzymes and tested three of them. The 
enzymes were cloned and expressed as recombinant proteins to 
dispose of them purified in their apo-form (PLP-free). 

A first promising concept built on PLP-dependent porcine or E. 
coli aspartate transaminase (EC 2.6.1.1) coupled to porcine malate 
dehydrogenase (EC 1.1.1.37). The latter catalyzes the NADH-depen-
dent reduction of the deaminated product of the first reaction. The 
decrease in NADH concentration directly correlates with PLP con-
centration and is monitored by absorbance at 340 nm. This proto-
type yielded high sensitivity and specificity. 

A second assay model relying on E. coli aminodeoxychoris-
mate lyase (EC 4.1.3.38) was evaluated. This system yielded very 
poor performance, so  that the choice was made between the two 
other models, which both fulfilled our expectations in term of sen-
sitivity and specificity. Nevertheless the aspartate transaminase 
based assay showed significant susceptibility to matrix interferenc-
es. This led us to prefer the tyrosine decarboxylase-based system, 
which also provided the advantage of relying on the same enzyme 
as the former radioenzymatic assay and was expected to closely 
correlate with it in the method comparison of the planned validation.

The third and final assay model is based on tyrosine decarbox-
ylase (Fig. 3). Tyramine produced by PLP-driven decarboxylation of 
tyrosine by tyrosine decarboxylase (React. 1) is deaminated in a 
coupled reaction by a primary-amine oxidase (1.4.3.21) from Arthro-
bacter sp and results in formation of hydrogen peroxide (React.2). A 
third enzyme, horseradish peroxidase, catalyzes the peroxide-de-
pendent conversion of a pro-dye into a colored compound, whose 

Conversion of a radioenzy-
matic vitamin B6 assay 
into a rapid colorimetric 
enzymatic diagnostic assay 
 
The presented work represents one major achievement of a larger project for the  
development of novel enzyme and binding assays for in vitro diagnostics. It  
aims to establish an integrated process considering all aspects of novel enzyme  
assay development by following five steps: design of theory models, enzyme  
acquisition / production, prototype development, assay optimization and validation.

Michel A. Sciotti*a, Ronald Tynes a, Lara Hasan b, Thomas M. Jermann b, Jakob M. Weber b, Daniel Gygax a
aSchool for Life Sciences FHNW, bBühlmann Laboratories AG, Schönenbuch BL, Switzerland
Keywords: Diagnostics, enzyme assay, vitamin B6, pyridoxal phosphate

Introduction
Vitamin B6 is a water soluble compound found in many dif-

ferent foods. The biological active form, Pyridoxal 5’ phosphate 
(PLP) is essential for the function of more than a hundred enzymes 
as a co-enzyme. Low PLP status is typically associated with nutri-
tional deficiency but also with several very different diseases 
includ ing cardiovascular disease or cancer [1]. In this work, we 
performed the conversion of the PLP detection radioenzymatic 
assay formerly provided by Bühlmann Laboratories AG into a 
non-radioactive rapid enzymatic assay. 

The assay was successfully validated using blood from 41 
and 44 subjects tested for vitamin B6 deficiency in comparison 
trials involving, respectively, a reference chromatographic method 
and the radioenzymatic assay, and correlated with an R2 of 0.99 
and 0.95 with the reference methods, respectively.

Results
Our research platform resulted in the development of two as-

says, one detecting hydroxybutyrate (GHB) in serum and urine, the 
other, pyridoxal phosphate (PLP, active form of vitamin B6) in plasma, 
as well as the evaluation of a mutant enzyme-based binding assay 
for detection of 8-oxo-dGTP nucleotide (as a marker of oxidative 
stress). The GHB and vitamin B6 assays have been validated and 
patented and are distributed by Bühlmann Laboratories AG. We 
have already reported the development of the GHB assay, chrono-
logically our first achievement [2, 3, 4].

The vitamin B6 assay underwent a longer process and is, in 
our opinion, strongly representative of the operating mode and po-
tential of our development platform (Fig. 1). Unlike the GHB assay, 
a world first, the Vitamin B6 assay was intended to replace an exist-
ing radioenzymatic assay in the product catalogue of Bühlmann 
Laboratories AG. The radioenzymatic assay relied on PLP-depen-
dent conversion of tritium-labeled tyrosine into labeled tyramine 

formation rate directly correlates with PLP concentration and can 
be easily monitored by absorbance measurement at 546 nm 
(React.3). Shimizu et al. described a similar enzyme cascade for 
detection of tyrosine in plasma [5].

Reaction 1.  
tyrosine  tyramine + CO2  (tyrosine decarboxylase, PLP-depen-
dent)

Reaction 2.  
tyramine + H2O + O2  4-hydroxyphenylethanal + NH3 + H2O2 
(primary-amine oxidase)

Reaction 3. 
2 H2O2 + 4-aminoantipyrine + TOOS  quinoneimine dye + 4 
H2O (horseradish peroxidase)

Conclusion and Outlook
The assay has been successfully validated using blood from 

44 and 41 subjects tested for vitamin B6 deficiency in a comparison 
trial involving a reference chromatographic method and the radioen-
zymatic assay respectively, and correlated with an R2 of 0.99 and 
0.95 with the reference methods, respectively (Fig. 2).
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Figure 1 The competences of our innovation platform result in an  
integrated from-gen-to-validation process that supported the development 
of several commercialized assays, including the vitamin B6  
non-radioactive assay.

Figure 2 Correlation between non-radioactive vitamin B6 assay (KK-VB6) 
and chromatographic reference method.

Figure 3 FHNW Vitamin B6 enzym assay prototype
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Results
Printing enzymes requires appropriate carrier ink and/or addi-

tional stabilization, e.g. via encapsulation [2]. From various capsule 
types, (liposomes, polymerosomes, polyelectrolytes, etc.) and 
methods (self-assembly, coacervation, water-in-oil, etc.) described 
in literature [3], we chose polyethyleneimine (PEI) capsules, synthe-
sized via water in oil emulsion [4]. Capsules consist of a crosslinked 
PEI membrane containing liquid PEI. The crosslinked membrane 
enables penetration of small molecules while retaining macromol-
ecules (e.g. enzymes). The liquid PEI is presumed to stabilize 
 enzymes in a dry state.

Paper-based enzymatic
assays for 
home diagnostics
 
Development of a robust point of care testing (POCT) device based on  
highly selective and sensitive enzymatic assays. The implementation of enzymes  
in such a device requires additional stabilization; enzymes are therefore  
encapsulated in a polymer matrix that keeps them active and stable for  
application in user-friendly, cheap and reliable POCT systems.

Sina S. Saxer, School of Life Sciences FHNW
Keywords: Microencapsulation, enzyme assay, glucose, blood sugar, dipstick, POCT (point-of-care testing)

Introduction
Diagnostic enzymes are important for diagnosing and mon-

itoring diseases, being used for detection of disease-specific bio-
molecules in urine, blood plasma, etc. [1]. Enzymes react with  
biomolecules and subsequently convert a color agent, thus al-
lowing quantification based on color intensity. This highly sensitive 
and selective method is usually performed in solution and requires 
trained personnel. Interest has recently grown in point of care 
testing (POCT) tools, which are portable, easy to apply tests for 
home diagnostics. POCT is mainly used to monitor high risk 
 patients (pre- or post-surgery) to enhance their standard of living. 
A common POCT tool is a dipstick which is simply dipped into 
body fluids and gives a colorimetric or amperometric read out. 
For example diabetes dipsticks are used to determine blood sugar 
of diabetes patients. Insulin deficiency in such patients leads to 
raised glucose concentration in blood plasma and causes blood 
vessel damage, kidney deficiency, retina detachment and other 
problems. The glucose concentration of these patients therefore 
needs to be regulated by external dosage of insulin and must be 
exactly adjusted to current blood sugar values (normal level 6.1 – 
6.9 mmol/l; above 7.0 mmol/l for diabetes mellitus patients). In 
medical laboratories blood sugar levels are determined using 
 enzymes, with glucose oxidase (GOx) in combination with horse-
radish peroxide (HRP). 

Home diagnostic tools for diabetes patients are already 
commercially available and thus we have used this system as a 
proof of concept to implement enzymatic assays on paper based 
dipsticks. Such paper dipsticks would have significant cost and 
ease of use advantages over electronic devices. Enzymes are 
applied by normal printing processes e.g. screen printing (Fig.1). 
As soon as a substrate is present, the printed enzyme patch 
changes color and allows quantification, sufficiently accurate to 
see whether insulin is required.

using capsules with only HRP encapsulated and dried on porous 
paper, show stability over 140 days if stored on a bench. However 
thin print layers require ideal enzyme and capsule concentration in 
order to obtain a clear signal on paper.

Capsules were therefore embedded in thin agarose gel and 
found to be active despite the high process temperature of 55°C. A 
clear blue color developed on addition of glucose and TMB and 
allowed detection down to 2.5 mmol/L glucose within 5 minutes 
and 0.3 mmol/L within 10 minutes. Unfortunately agarose maintains 
water in its hydrogel structure and thus cannot be considered to be 
dry state. Moreover the gel wrinkles and cracks upon drying, which 
makes a visible readout difficult. Hence screen printing of capsules 
requires an alternative binder, such as acrylic ink. 

Conclusion and Outlook
The encapsulation of a GOx/HRP cascade system was a suc-

cessful first step to putting complex enzyme assays on paper-based 
diagnostic dipsticks. GOx and HRP were successfully encapsulated 
in PEI capsules and remained active under a range of conditions. 
First experiments with GOx/HRP capsules in buffered solution 
allowed detection of D-glucose in the relevant range for diabetes 
patients within 2 minutes. Detection limits depend on time and 
capsule concentration and a clear visible signal is required for the 
quantification of blood sugar. For the printing step capsules were 
tested in agarose as a matrix and remained active with a detection 
limit of around 2.5 mmol/L glucose within 5 minutes. However cap-
sules need to be immersed in a hydrogel-type polymer binder such 
as polyethylene glycol metacrylate, which is printable on paper. Ex-
periments with dry HRP capsules showed promising stability over 
140 days but need to be repeated for the cascade system. More-
over in order to measure real samples such as urine or blood, the 
system requires additional adaptations such as filtration units or 
microfluidics for an optimized color signal.
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Different sized PEI microcapsules (30 –1 μm) were prepared 
with high encapsulation yield and enzyme stabilization, enabling 
fast substrate penetration into the capsules. The two enzymes, 
GOx and HRP, were encapsulated in these microcapsules and re-
acted with D-glucose and 3,3’,5,5’-tetramethylbenzidine (TMB) as a 
color agent that turns blue (Fig. 2). Enzymatic activity of capsule 
solutions was tested with different glucose concentrations and a 
constant amount of TMB. Color change caused by glucose was 
observed by eye (Fig. 2A) and measured with a spectrometer (Fig. 
2B). These kinetic measurements enabled quantification of glucose 
concentration and determining of the incubation time required for 
detection by eye (Fig. 3). Normal blood sugar values, 6.1 – 6.9 
mmol/L, were already visible within 2 minutes. Further experiments 

Figure 1 Concept of printing enzymatic assays on paper to be used as 
dipsticks at home

Figure 2 Cascade reaction of encapsulated glucose oxidase (GOx) and 
horseradish peroxidase (HRP) with D-Glucose as substrate and 3,3’,5,5’ 
tetramethylbenzidine as color agent that turns blue upon reaction.

Figure 3 Enzyme reaction rate comparison of capsule solution with varying 
glucose concentrations. A) optical read out of different capsule solutions.  
B) Enzyme kinetics depending on glucose concentration and time. Purple 
data are values with an absorbance signal higher than 0.09 which was  
still visible by eye.
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FHNW and two French companies (Veolia recherche et Innovation 
(VERI) and Envolure), we are presently developing an innovative kit 
for the early screening of waterborne pathogens. This kit is expect-
ed to show high sensitivity for the targeted viruses and faster lab-
oratory processing time than current detection methods and at 
lower cost.

Results
The method previously developed for plant viruses needed to 

be adapted to virus-like particles (VLPs). Briefly, the surface-imprint-
ing strategy we developed is based on the following sequence: i) 
amino-modification of the nanoparticles, ii) activation of the 
nano  particles using a homo-bi-functional cross linker (i.e., glutaral- 
dehyde), iii) covalent grafting of the virus-like particles, iv) thickness- 
controlled organosilica layer growth at the surface of the nanopar-
ticles and v) removal of the virus to free the imprints. A sche matic 
representation of this sequence is given in Fig. 1. 

This method was implemented using virus-like particles pro-
duced by Dr Gaël Belliot, member of the French National Compe-
tence Center for Enteric Viruses led by Prof. Pothier at the Universi-
ty Hospital of Dijon (France). Because of the presence of a large 
number of amine functions at the surface of the VLPs, the method 
developed for plant viruses could not be applied directly. Indeed, 
because of the catalytic action of amine function on the poyl-con-
densation of organo-silica, the layer growth occurred only at the 
surface of the VLPs, preventing the formation of a stable recogni-
tion layer at the surface of the nanoparticles. To tackle this issue, 
the synthetic approach was improved by adding into the reaction 
mixture, small organic molecules partially inhibiting the poly-con-
densation catalysis occurring at the surface of the VLPs. This ap-
proach was successful and virus-imprinted particles (VIPs) produced 
using VLPs as templates were produced. Fig. 2 shows a scanning 
electron micrograph of the nanoparticles produced. It can be seen 

Virus-imprinted 
particles: a novel family 
of nanoparticulate 
virus binders
 
In a world facing severe virus outbreaks, the presence of viruses in  
drinking water is a highly significant issue not only in developing countries 
but also in the industrialized world. In this context, we are developing  
a novel family of virus binders to be used for virus detection and ultimately 
sanitation. Produced via a surface-imprinting method, these nano- 
materials are currently under development to be applied in an environ-
mental virus detection kit. 

Patrick Shahgaldian, Philippe F.-X. Corvini, School of Life Sciences FHNW
Keywords: Nanoparticles, Virus, Molecular Recognition, Silica, Molecular Imprinting

Introduction FHNW
Viruses flourish in water environments. Over 140 virus species 

which impact human health are present in sewage-contaminated 
waters. These waterborne pathogens include human enteric virus-
es that cause gastroenteritis (e.g., norovirus, sapovirus, adenovirus, 
astrovirus, rotavirus), hepatitis (A and E) and other illnesses such 
as fever or respiratory infections. 

Currently, the detection of viruses in water is mainly per-
formed via either quantitative polymerase chain reaction (PCR) 
methods (in vitro DNA amplification techniques that allow multipli-
cation of specific DNA sequences) or cell culture. Yet both methods 
have drawbacks when faced with the analysis of water samples of 
large volume.

The development of a solution to detect viruses in the envi-
ronment that is based not on the detection of viral nucleic acids 
but on viral proteins, requires molecular recognition systems capa-
ble of specific recognition of the target virus. We have recently 
developed a novel class of nanomaterials able to bind a virus spe-
cifically, which in turn is used as a template to produce this nano-
material. [1,2] The nanomaterial thus produced demonstrated 
unprecedented viral affinity and selectivity at picomolar (10–12 M) 
concentration ranges.

The proof of concept was established with icosahedral plant 
viruses that are available in rather large quantities and that could 
handled in the laboratory without risk of causing pathologies. In 
order to apply the methodology to pathogenic human viruses, we 
decided to use virus-like particles. These systems are similar to 
their viral counterparts but are deprived of nucleic acid; they are 
therefore non-toxic. Additionally, they are available in fairly large 
quantities as they are currently produced for developing vaccines 
using standard molecular biology techniques.

In the frame of a Eurostar (FP7-Eureka) project named  Envirus, 
carried out with INOFEA AG, a spin-off company of the HLS 

that the particles are fairly uniform in size and are spherical. The 
presence at the surface of those particles of empty cavities of 
approx. 25 nm in diameter confirmed the successful imprinting. 

The particles produced were tested for their ability to bind 
their template VLPs. To that end, in order to quantify the amount 
of free and bound viruses in an interaction assay, an indirect en-
zyme-linked immunosorbent assay (ELISA) was developed. It is 
based on the use of an antigen, for the detection of Norovirus or 
Norovirus-like particles, directed against the norovirus directly coat-
ed at the surface of a multi-well plate. When the target virus binds 
to this specific antibody; it is reacted with a second norovirus-spe-
cific antibody that in turn is recognized by an antibody-enzyme con-
jugate. The enzymatic conversion of an artificial substrate of the 
substrate is related to the antigen concentration according to a cal-
ibration curve. 

In order to determine the efficiency of binding by VIP, the 
amount of unbound template is compared with the amount of ref-
erence sample that was incubated without particles. The resulting 
binding efficiencies of imprinted and non-imprinted over time are 
shown in Fig. 2.

From the binding studies, it could be seen that while the ref-
erence particles only bind 20% of the virus after 5 min of interac-
tion and not more than 22% after 30 min, the VIP particles bind as 
much as 60% of the target virus after 5 minutes and 95% after 30 
minutes' interaction. This set of results confirmed the specificity of 
the newly produced norovirus VIPs particles for their target. 

Conclusion and Outlook
We have demonstrated that virus-imprinted particles can be 

produced using virus-like particles using a surface-imprinting ap-
proach. The control of the polycondensation of the organosilica rec-
ognition layer allows the production of virus imprints that have been 
shown to specifically recognize their target virus. Work is underway 
to integrate the newly produced systems in a multi-well plate for-
mat that will allow the analysis of viruses in environmental samples.

Figure 2 scanning electron micrograph of VLP-imprinted nanoparticles (left) 
and binding experiments of the target virus in the presence of VIP ( ■ ) or 
reference ( ●) particles.

Figure 1 schematic representation of the developed virus-imprinting strategy; α: covalent grafting of the VLPs at the surface of silica nanoparticles (SiO2 
NP); β: thickness-controlled recognition layer growth and γ: virus removal.
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Results
The project had to be divided into several working packages 

representing the work-flow required to elaborate a Point-of-Care 
System. The following issues were addressed:

1) Biosensor: The biochemical sensor technology is the core 
component of a Point-of-Care System. It consists of a detector and 
a transducer which allow the biospecific binding of the drug and the 
transduction of the extent of the bound drug into a physical read 
out (Fig. 1). There are a considerable number of established formats 
available to measure biomarkers in biological matrices. The project 
was started off with a comparative study using various established 
formats focusing on the issues of sensitivity and reproducibility 
(Fig. 2). As an alternative, a novel format based on electrical imped-
ance was explored too. The identification of an industrial partner in 
the course of the project made it necessary to focus on the lateral- 
flow-immunochromatographic technique as the strategic technique 
used by the company for another in-house Point-of-Care application.

Elaboration of 
a novel therapeutic drug 
monitoring device
 
Point-of-care diagnostics (POC) is a rapidly growing area that provides clinicians, 
family physicians, carers of non-profit organizations, patients and handicapped people 
with laboratory data to adequately manage health issues. Often the process from 
sampling to data availability and decision making is cumbersome. In this project foun-
dations were elaborated for the development of a novel therapeutic drug  
monitoring device for organ transplanted patients. 

Daniel Gygax, School of Life Sciences FHNW
Keywords: Therapeutic drug monitoring, Point-of-Care-Testing, in-vitro diagnostics, organ transplantation, immunosuppressive drug

Introduction
Monitoring the concentration of immunosuppressive drugs 

in the blood of patients having received a transplanted organ is an 
extremely important measure in order to prevent a possible rejec-
tion of organs. Acute rejections may occur any time within the 
first 12 months after transplantation and chronic rejections can 
take place over many years. Both are a consequence of the body’s 
constant immune response against the new organ. To slow down 
the immune response and to prevent adverse drug effects pa-
tients have to adhere to a rigorous dose regime of the medication.

Patients need to go to hospital regularly in order to monitor 
the levels of immunosuppressive drugs. This procedure is time- 
consuming and costly. A solution which could improve the situa-
tion is a Point-of-Care System which allows the patient to monitor 
drug concentrations by themselves simply, anywhere and at any 
time [1, 2].

The development of such a Point-of-Care System demands 
for an interdisciplinary team. Within the frame of a “strategic proj-
ect of the University Board of the FHNW” the project team was 
given the possibility to assemble a group of skilled partners. These 
included bioanalysts, pharmacologists and laboratory clinicians, 
engineers, medical informatics specialists, psychologists and in-
dustrial designers from the FHNW and Basel University Hospital, 
to elaborate the processes leading to a smart, integrated Point-of-
Care System. The goal was firstly, to establish an interdisciplinary 
basis for developing suitable biochemical sensor technology, data 
processing, instrumental and socio-technical designs and sec-
ondly, to identify an industrial partner to translate ideas, concepts 
and results coming out of this feasibility project into a commercial 
product providing the intended added-value for patients.

Conclusion and Outlook
A patient friendly Point-of-Care-Testing System to measure 

the concentration of immunosuppressive drugs quickly and accu-
rately and to transfer the concentration data wirelessly to the doc-
tor’s computer in the Transplantation Center will make the lives of 
transplant patients more independent. 

This project started off as a University project with an interdis-
ciplinary team of skilled partners aiming to set up an integrated 
procedure to measure immunosuppressive drugs in blood. With 
the commitment of Bühlmann Laboratories AG to this project, it 
had to be brought in line with the business model of the industry 
partner. Bühlmann is launching a home testing device for measur-
ing calprotectin in stool extracts using a novel stool device and a 
test cassette. The result is read with the help of a smart phone ap-
plication. The results are displayed in a traffic light code as well as 
fully quantitative values and are immediately sent via the internet 
and stored in a web based patient file, accessible to the patient, the 
supervising clinician and health care professionals. In order to make 
our project compatible with the technology base at Bühlmann it 
was clear that the transplant project also had to be based on the 
lateral-flow-immunochromatographic technique as well as on a 
smart phone application. Meanwhile the Commission for Technolo-
gy and Innovation (CTI) granted the further joint development of a 
Point-of-Care Application for the measurement of immunosuppres-
sive drugs in organ transplanted patients.
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2) Data Processing: a functional prototype is available to 
safely transfer drug concentration data based on standard tech-
nologies and protocols (HTTPS, BlueTooth SP, Health Level 7). A 
simple web application using Java Enterprise Edition (JEE) tech-
nology was implemented. This procedure allows patients as well 
as medical care staff to have access to measured drug concentra-
tion data.

3) Socio-Technical Design: in this working package, areas of 
application as well as specific user groups were identified. For ex-
ample business people with limited availability and young adults 
showing very low compliance could greatly profit from a smart 
phone based Point-of-Care System. If patients are not able to carry 
out a Point-of-Care test by themselves at all, care providers such as 
Spitex or pharmacies closer to the patient than the hospital could 
provide the Point-of-Care service.

4) Industrial Design: based on a design analysis a design con-
cept for a Point-of-Care Device was established. During this phase 
the design of the device and its ease of handling had highest prior-
ity. In the course of the project the focus had to be changed from 
the design of the device to measure drug concentrations to the 
design of an applicator to withdraw blood samples. A concept of a 
design for an applicator to collect blood was provided. The concept 
was visualized by CAD color prints (Fig. 3).

Figure 1 Schematic representation of a point-of-care application to  
measure drug concentration in the blood of a patient by using a biosensor 
and a smartphone.

Figure 2 Comparison of standard curves for the detection of the model 
compound lactoferrin by using amperometric detection (red curve),  
photometric detection using ELISA (green curve) and photometric detection 
using Lateral Flow Immunometric Assay (blue curve).

Figure 3 Visualization of an applicator for the withdrawal of patient blood  
by CAD color prints.
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Results
An important criterion for utilization of bamboo as a therapeu-

tic crop is a thorough understanding of the metabolite inventory 
and its variation with genus and age as well as with geographic 
 origin. First investigations on bamboo leaf extracts focused in a 
targeted analysis on flavonoid metabolites and revealed different 
patterns according to genus and species. However, the targeted 
LC-MS/MS based analysis of the major flavonoid composition of 
bamboo leaf extracts did not correlate with anti-oxidative and anti- 
inflammation properties. Therefore, samples of different bamboo 
leaf extracts of genera Phyllostachys, Fargesia and Sasa as well as 
young and old leaves were analyzed by a non-targeted metabolic 
profiling approach to reveal structural characterization of the signifi-
cant metabolites. The major hurdle in non-targeted metabolic 
profiling so far is that measured numerical MS data has to be trans-
formed into a unique chemical compound with a defined structure. 
Looking at the molecular formula space of common organic mol-
ecules with more than 8×109 possible elemental formulae for 
molec ular weights below 2kDa seems to be more hopeless than 
searching for a needle in a haystack [3]. 

Our novel non-targeted metabolic profiling workflow com-
bines statistical data analysis tools with smart filtering algorithms, 
database searches in focused libraries, and MS/MS hit confirma-
tion. The outline of this workflow is illustrated in figure 1.

In a first step after data acquisition, statistical data analysis 
was performed with mass profiler professional (MPP, Agilent) 
 including, amongst others, principal component analysis (PCA). 
Significant separating features identified from PCA analysis were 
selected based on high resolution MS. Subsequently, data was 
extensively filtered by application of seven golden rules [3]. This 
step guided and directed the assignment of relevant consolidated 
structural features. These consolidated structural features, charac-
terized by high resolution MS/MS patterns, were selected and 

Novel analytical workflow
for comprehensive
non-targeted phytochemi-
cal metabolic profiling 
 
The understanding and interpretation of pharmacological properties on a  
molecular level is of great importance. Our study provides a novel model work- 
flow for comprehensive phytochemical metabolic profiling by structural  
identification of relevant metabolites. High resolution liquid chromatography 
mass spectrometry LC-MS/MS data can be directly correlated with pharmaco-
logical test results on a molecular level.

Götz Schlotterbeck, Timm Hettich
Keywords: Non-targeted metabolic profiling, structural characterization, natural products, statistical data analysis

Introduction
Bamboo is an important plant for a large part of the world’s 

population. The uses of bamboo are manifold, ranging from con-
struction materials, energy source, nutriment, textiles and cos-
metics, to traditional Chinese medicine applications. Bamboo is a 
rich natural source of promising phytochemicals including flavo-
noids and other secondary plant metabolites. These metabolites 
exhibit a broad range of health-promoting effects including anti- 
inflammatory, anti-oxidant, anti-viral and anti-aging properties [1, 2]. 
However, there is still a lack of information on the metabolites 
responsible, present in the many different bamboo species around 
the world. Thus, there is a great need for detailed information 
on the metabolite level of different bamboo species influenced by 
genus, age and geographical origin. 

Despite the most modern analytical instrumentation and 
high quality databases, the step to transform a measured high 
resolution mass spectrum into an identified chemical compound 
with known structure is still tedious, cumbersome, time consum-
ing and often not successful by mass spectrometry data alone.

In this research project, we describe a novel analytical work-
flow for non-targeted metabolic profiling. We applied instrument 
manufacturer software tools to generate most likely sum formu-
lae. These data were filtered with efficient open source algorithms 
such as seven golden rules [3] to generate qualified elemental 
sum formulae. These qualified sum formulae were consolidated 
by matching MS/MS fragmentation pattern with focused libraries 
e.g. the Dictionary of Natural Products (DNP) or Metlin [4]. Proof 
of structural identity was finally achieved by comparison with ref-
erence compound data, based on retention time and high resolu-
tion MS- and MS/MS data.

Conclusion and Outlook
Non-targeted metabolic profiling in combination with inte-

grated software-directed feature selection was extremely helpful 
for rapid structural assessment of differentiating features between 
young and old leaves of Phyllostachys edulis. The implementation 
of this integrated but focused workflow significantly accelerated 
the process from statistical feature identification and molecular 
feature identification (sum formulae) to structural characterization 
of relevant metabolites. Pharmacological studies with the same 
bamboo extracts exhibited positive effects on the anti-inflammatory 
and wound-healing assays for young leaf extracts of Phyllostachys 
edulis. The novel non-targeted metabolite profiling workflow struc-
ture supported identification of the significant metabolites and 
enabled understanding and interpretation of pharmacological prop-
erties on a molecular level. Our study provides a novel model work-
flow for a comprehensive phytochemical assessment combining 
high resolution LC-MS/MS data with pharmacological testing.
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chemical assessment of medical plants and botanicals and opens new 
applications of phytopharmaceuticals and herbal drugs.  

searched against focused databases. The integrated database 
search features of MPP software supported and facilitated the 
transformation of features into first hits. Main sources for hit confir-
mation were found in dedicated libraries, e.g. Dictionary of Natural 
Products and METLIN [4]. In the event that no database match was 
obtained, hits were rejected and the process was repeated with 
the next hit. Confirmed hits were validated by comparison with 
reference data, based on retention time and high resolution MS- 
and MS/MS patterns. 

The investigated bamboo species were differentiated by prin-
ciple component analysis of high resolution MS data. In addition, 
not only for different bamboo genera but also for Phyllostachys 
edulis young and old leaves, significant separating features were 
identified. By application of the non-targeted metabolic profiling 
workflow, several compounds of different classes including nucleo-
sides, coumaroyl derivatives or aminoalkyltriols were characterized 
(Fig. 1 and 2). Flavonoids not included in the targeted analysis were 
also found in significantly different concentration levels in Phyl-
lostachys edulis young and old leaves. Thus, our workflow has 
been proven to be very effective and leads to a valid structural iden-
tification of the most important metabolites within a short time. 
The combination of high resolution MS/MS experiments with high 
mass accuracy (≤ 2ppm) and resolution, as well as Product Ion 
Scan data was key to implementing the analytical workflow.

Figure 2 2’-Deoxyadenosine as an example of identification of a significant 
metabolite differentiating young and old Phyllostachys edulis leaves.  

Figure 1 Novel non-targeted workflow with LC-QTOF  

Figure 3 LC-MS chromatogram of significant features in young and old 
Phyllostachys edulis leaves
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hydrocarbon "tails" in the polymer (Fig. 1). Here is a summary of 
our approach:
–  Quats with at least one long hydrocarbon tail are synthesized 

or purchased.
– These quats are compounded with polyethylene.
–  Because of the incompatibility of the quat with the polymer  

it will segregate to the surface.
–  The long hydrocarbon chain will anchor the molecule  

in the polymer.
– The quat at the surface will render it antimicrobial.

This approach fulfills all requirements, particularly the request 
for simplicity: the quat is a normal additive in the extrusion of poly-
ethylene tubing.

One challenge, however, remains: is the anchoring of the 
quat strong enough? It is known that Van-Der-Waals interactions 
are rather weak and the quat could therefore leach into the water. 
On the one hand, this leaching would contaminate the drinking 
water and on the other hand the surface would slowly lose its ef-
ficacy against biofouling. The leaching of the quats therefore has 
to be investigated as a priority.

Fighting biofilm 
in drinking water 
pipelines
 
Biofilm is of major concern when it comes to contamination of drinking  
water through germs. We apply a simple approach for the production of biofilm 
reducing polyethylene surfaces which is based on quaternary ammo- 
nium salts as additives during polymer extrusion. The resulting surfaces have 
been analyzed for their antimicrobial efficacy and consumer safety and the 
results were reapplied for optimization of the production  
process development.

Joachim Köser 1, Fernanda F. Rossetti 2, Konstantin Siegmann 2; 1School of Life Sciences FHNW, 2School of Engineering, ZHAW
Keywords: Quaternary ammonium salts, polyethylene, extrusion, biofilm, surface segregation, antimicrobial activity tests

Introduction
The purity of drinking water is one of the most important re-

quirements for public health. It is jeopardized by the formation of 
biofilm on the inner surfaces of water pipelines. A surface which 
would not allow the settling of microorganisms would be of great 
interest and practical importance. Because biofilm free surfaces 
are also an issue in other contexts, such as marine biofouling or 
medical devices, approaches to constructing such surfaces are 
not lacking. However, the methods described are either complex 
or release toxic materials into the water, both unacceptable for 
drinking water pipelines. A simple yet reliable and non-toxic solu-
tion is required. Moreover, drinking water pipelines consist of poly-
ethylene, a rather inert material, and it is a challenge to make this 
material antimicrobial. Polyethylene is difficult to coat and only the 
most reactive chemicals will bind to it.

A permanent non-toxic and non-leaching modification of 
polyethylene surfaces is required which renders the latter biocidal.

Quaternary ammonium compounds (quats) are known dis-
infectants and of low toxicity to humans. Benzalkonium chloride, 
for example, is used to conserve nose spray or eye drops. How-
ever, quats kill microorganisms effectively, presumably by dis-
rupting their cell membrane. Quats have been immobilized on 
surfaces and it was shown that those surfaces are antimicrobial; 
the methods used are tedious however and not suitable for the 
mass production of polyethylene tubes [1]. How then can quats 
be bound to inner surfaces of water pipelines? It is known that 
certain surfactants, when compounded into a polyethylene melt, 
will segregate to the surface. A long hydrocarbon "tail" anchors 
those molecules in the polymer by Van-Der-Waals interactions 
and the hydrophilic "heads" will stretch into the watery phase [2]. 
Using this principle, our approach is to compound tailor-made 
quats with molten polyethylene, hoping that they will segregate 
to the surface, stretching their "heads" out and being anchored by 

Conclusion and Outlook
Here we present an easy approach to modify extruded poly-

ethylene products with antimicrobially active amphiphilic additives. 
Additives with different structural variations were evaluated. The 
resulting products were characterized with respect to the absence 
of additive leaching and the antimicrobial activity of their surfaces. 
The next steps will be analysis of the long term activity of the mod-
ified polyethylene surfaces as well as evaluation of the production 
principle for other kinds of plastic products.  
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Economic efficiency and benefit to society: The prevention of biofilm in 
drinking water pipes can be of great benefit in environments with sensitive 
individuals, e.g. in hospitals and nursing homes. The described process of 
polymer surface modification by simple compounding of an active additive 
represents a very economical approach.  

Results
While the principle of surface segregation of amphiphilic addi-

tives during polymer extrusion is well known the anchoring strength 
under daily life conditions of the final product as well as the precise 
orientation of the functional groups has to be determined 
experimen tally. Thus in the first phase of the production process 
development, we investigated multiple quaternary ammonium salt 
compounds, which varied in the number of hydrophobic tails R1-R4, 
having either one, two, three or four C18 sidechains (stearyl-resi-
dues, see Fig. 1). Additionally we synthesized novel bi-quaternary 
ammonium compounds with long hydrophobic linkers, assuming 
an additional anchoring effect by intermingling of their hydrocarbon 
chains with the polyethylene molecules. The quats were compound-
ed into polyethylene and extruded. Following extrusion the samples 
were characterized by contact angle measurements, quantification 
of the surface exposed charged quaternary ammonium groups, an-
choring strength, i.e. leaching of the quats under specific conditions 
and antimicrobial activity. The surface concentration of quats was 
determined indirectly by quantifying the amount of fluorescein 
binding to them in solution. The largest amount of quats was found 
for benzalkonium chloride (A) and the two bi-quaternary ammoni-
um compounds with linkers of different length (F and H, see Fig. 2). 
Since consumer safety is of primary importance in the context of 
drinking water supply we investigated the possible leaching of 
quats by LC-MS/MS with a detection level below 1 mg/l as well as 
a potentially even more sensitive “zone of inhibition”-bioassay. 
Strong immobilization was observed for all mono-quaternary am-
monium compounds with no LC-MS/MS detectable leaching into 
water. We observed, however, small zones of bacterial growth inhi-
bition around samples modified with quats harboring one or two 
C18 sidechains which indicates a stronger immobilization of quats 

with three and four C18 residues. For the antimicrobial efficacy test-
ing we had to develop a dedicated protocol, since the standardized 
regulatory tests evaluate bacterial survival in a liquid with the sam-
ple to be analyzed immersed. Thus bacterial survival was investigat-
ed by specific fluorescent labeling of dead and live bacteria on the 
polyethylene surface and analyzed by fluorescence microscopy. 
Antimicrobial activity could be confirmed for most polyethylene 
samples modified with quats with one, two or three stearyl resi-
dues (A-D), while no activity was observed for the sample modified 
with a quat with  four C18 residues (E, see Fig. 3).

Figure 2 UV/VIS spectra of fluorescein bound to surface-exposed quats for 
PE samples containing various mono- (A-E) and bi-quats (F-H). 

Figure 3 Microscopical images of stained S. aureus on PE samples D (left) 
and E (right). Live bacteria are stained green, dead ones red.  
Scale bar: 50 µm.  

Figure 1 A quaternary ammonium compound anchored in a 
polyethylene matrix.
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Solvent-casting particular-leaching produces porous films 
by dissolution of the polymer in an organic solvent and casting of 
the solution in a predefined 3-D mould [3]. 

Consequently scaffolds based on PCL with and without ICG-
NPs were produced using both methods. Enzymatic degradation 
was processed using lipolytic enzyme Pseudomonas lipase.

Results
1. Effect of scaffold processing method on scaffold crystallinity

Differential scanning calorimetry was performed to investigate 
the influence of processing method (SC/ ES) and nanoparticle pres-
ence on the scaffold crystallinity (Table 1). Comparing scaffolds 
without NPs (100% PCL), SC scaffolds presented a lower crystallin-
ity than ES scaffolds. In electrospinning, polymer chain alignment 
takes place during the stretching of the polymer jet solution resulting 
in a high order and high crystallinity [4]. 

Nanoparticle presence in the scaffolds caused a decrease  
in crystallinity due to crystallization restriction of the polymer. 

Laser tissue soldering 
based on chemically 
doped green nanoparticles
 
Laser tissue soldering is a novel method for sutureless tissue repair. It is  
mediated with a solder based on polymeric scaffold doped with nanoparticles 
(NPs) containing the absorbing dye indocyanine green and a protein bovine  
serum albumin. This biodegradation study of a developed polymeric scaffold 
addressed and compared different processing methods: electrospinning  
and solvent-casting. 
Andrea Schönbächler, Olfa Glaied, Uwe Pieles, School of Life Sciences FHNW
Keywords: Enzymatic degradation, biocompatible nanoparticles, indocyanine green, laser tissue soldering, electrospinning

Introduction
Laser assisted tissue soldering is a new and promising 

technique for tissue repair. It is based on a heat denaturation 
process of a biodegradable polycaprolactone (PCL) scaffold 
doped with indocyanine green (ICG) nanoparticles and (BSA) [1]. 
The scaffold should give a stable and localized concentration of 
ICG by homogenous distributed ICG-nanoparticles. ICG is used 
for selective absorption of the laser radiation, transforming laser 
light energy into heat necessary for fusing the tissue. A novel 
method for sutureless laser-assisted tissue fusion of blood ves-
sels for surgery in the brain has recently been developed [2]. By 
implanting a biodegradable nanoparticle-doped scaffold into the 
brain, a new way for nanoparticles to enter the body is opened. 
A few weeks after implantation the scaffold starts to degrade 
and a continuous release of nanoparticles into the surrounding 
tissue takes place, which might cause unwanted negative reac-
tion in brain cells if taken up. The biodegradation of this specific 
kind of scaffold has, however, barely been studied.

Therefore this research addresses in-vitro enzymatic degra-
dation of PCL-ICG-NP scaffolds. The focus was to study scaffold's 
properties (crystallinity and morphology) and determine the deg-
radation profile.

Another central concern of this study was to investigate 
the effect of two different scaffold processing methods on en-
zymatic degradation. Several methods for preparing biomedical 
scaffolds based on micro/nano-fabrication have been developed. 
Two of them, solvent casting (SC) and electrospinning (ES), are 
both easy and effective for fabrication of tissue-engineered 
scaffolds. However, the macroscopic structures generated with 
these processing methods are completely different. Electrospin-
ning generates non-woven, ultrafine fibre mats with high specific 
surface area. 

scaffolds reduce the degradation rate. The degradation experiment 
clearly demonstrated a faster cutback of SC material compared to 
ES scaffolds, although fibers of ES structures offered a larger over-
all surface for enzymatic conversion. It is expected that ES scaffolds 
are more hydrophobic than SC scaffolds because of the surface 
roughness and therefore the wettability of the surface is lower. 
Contact angle measurements will confirm this assumption.

Morphological studies monitored the structural change of 
scaffold during degradation and gave indication about release of 
nanoparticles after degradation. 

Based on the scaffold processing method, solvent cast or 
electrospun polymer, the study demonstrated the difference of the 
scaffold behavior during enzymatic degradation. This result should 
be considered for use in medical applications. Further analysis (sur-
face charge, shape) of the nanoparticles recovered from degrada-
tion liquid will provide information about their behavior in body tis-
sue after in vivo biodegradation. 
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Economic efficiency and benefit to society: Laser tissue soldering is a very 
promising minimally invasive surgery technology for tissue repair. It is based 
on a heat denaturation process of a biodegradable PCL scaffold functionalized 
with IGC-nanoparticles and BSA. It was shown that scaffolds processing 
method impaired the crystallinity and enzymatic degradation kinetics due to 
the different macroscopic structures of the scaffolds.  

 Interestingly, the SC scaffolds presented a higher crystallinity than 
the ES scaffolds. During electrospinning NPs impaired stretching 
and orientation of PCL fibers resulting in disruption of the fibers 
and a radical crystallinity decrease. On the other hand, NPs only 
slightly decreased crystallinity of the SC scaffolds. While ES is a fast 
process, solvent evaporation occurs in a few hours. Usually, slow 
processes allow nucleation and formation of crystalline domains in 
the material. 

2. Effect of scaffold processing method on degradation profile
Degradation kinetics of scaffold was conducted with weight 

measurements. The presence of NPs had no significant influence 
on degradation profile of SC scaffolds (Fig. 1). SC scaffolds expo-
nentially degraded during the first hours, leaving 5% of the material 
after 5 h. Degradation profiles of ES scaffolds demonstrated a 
steadily progressing enzymatic reaction, leaving 45% to 55% of 
material after 8 h. As displayed in Fig. 1 b, decomposition of ES 
scaffolds with NPs was slightly slower than without, even assum-
ing that the lower crystallinity of the ES scaffolds with NPs would 
lead to a faster breakdown [5]. 

Against expectation, degradation of ES scaffolds was slower 
than degradation of SC scaffolds, since ES scaffolds offer a larger 
overall surface for enzymes to attack.

3. Morphological changes of scaffolds during degradation
The change of scaffold morphology during enzymatic degrada-

tion was monitored with Electron Microscopy (SEM) (Fig. 2a). Initial-
ly the SC scaffolds present a porous block structure with fine 
grooves due to solvent evaporation. Degraded sample was rigorous-
ly eroded and folded by enzymatic activity. Untreated ES scaffold 
material consisted of ultra-thin fibers spun to a matrix layer with a 
smooth surface and high homogeneity of fibrous structure. At the 
end of degradation, the fibrous structure was eroded and ruptured. 

Analysis of the degradation liquids showed different struc-
tures (Fig. 2b). From the ES scaffolds, nanoparticles were released 
in clusters and aggregates. Even after complete degradation, 
large blocks of dissolved nanoparticles could be observed in the 
liquid. While in the degradation liquid of SC scaffolds mainly single 
particles with polished surface were present after the full time 
span of cutback.

Conclusion and Outlook
The scaffold crystallinity was impaired by the processing 

method. Stretching of fibers during ES resulted in a higher crystal-
linity, than crystal formation during solvent casting. On the other 
hand, the presence of nanoparticles radically decreased the crystal-
linity of ES scaffolds due to disruption during the fast fiber forma-
tion. During slow solvent evaporation nanoparticles only marginally 
decreased the formation of crystals. 

The presence of nanoparticles in SC scaffolds had no signifi-
cant influence on degradation profile, while nanoparticles in ES Figure 1 Comparison of enzymatic degradation profile of ES and SC scaffolds

Figure 2 a): SEM images of SC scaffolds with NPs blank (a) and after  
8 h of degradation (b), 100% PCL ES scaffolds blank (c) and after 7 h  
of degradation (d)

Figure 2 b): SEM images ES scaffold with NP (a), degradation liquids of 
scaffolds with NP after 8 h of degradation: ES (b) and SC (C)

Table 1 Crystallinity of SC/ ES scaffolds with/ without nanoparticles

Material  Crystallinity [%]

 Solvent casting  Electrospinning

100% PCL 43.96 ± 0.86  45.96 ± 0.92OW-S (n=20)
with NP‘s 41.88 ± 0.84  36.59 ± 0.27
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changing the overall combined effect. We demonstrated the valid-
ity of the CA model for estrogenic UV-filters [4, 5] and antiandro-
genic phthalates [2]. In addition to additive action, mixtures may 
exhibit effects larger than expected (synergism) as shown in vitro 
for UV-filters [4]. 

The aim of this project was to evaluate the antiandrogenic 
activity of single compounds and binary mixtures. We tested the 
hypothesis that the CA model reflects the additive action of mix-
tures of antiandrogenic pesticides employing the human mamma-
ry carcinoma cell line MDA-kb2 cell line [1]. This cell line expresses 
the human androgen receptor and when activated, a reporter 
gene, luciferase, is activated. Thus, when MCA-kb2 cells are ex-
posed to dehydrotestosterone (DHT), luciferase activity is induced. 
Antiandrogenic activity is assessed after exposure of cells with 
DHT, followed by exposure to the compound of interest. An andro-
genic activity is then detected by inhibition of the luciferase activity. 

Results
As shown in Fig. 1, tebuconazole, propiconazole, epoxy-

conazole, econazole and vinclozolin exhibited a 50 % or higher inhi-
bition of the DHT response, thus demonstrating significant antian-
drogenic activity. Tebuconazole and epoxyconazole showed the 
strongest antiandrogenicity with complete dose-response curves. 
Propiconazole and vinclozolin showed antiandrogenic activity of 
about 70 % and econazole of about 50 %. In addition to the 
antiandro genic activity of single compounds, we were interested in 
the activity of compound mixtures. These five fungicides were 
subsequently used for mixture experiments combining two com-
pounds at concentrations where they have the same effect (equi- 
effective levels), including 10 % inhibition (EC10), 25 % (EC25) and 50 % 
inhibition (EC50) (Fig. 2). For better comparison of additive, syner-
gistic or  antagonistic activities of the mixtures, we combined the 
dose-re sponse curves of the single substances together with the 

Azol fungicide mixtures
show additive and 
synergistic activities
 
Azol fungicides are used as biocides and in medicine to prevent fungal 
growth. Humans and the environment are exposed to many of these 
compounds and their adverse effects are little known. Here we assessed 
the antiandrogenic activity in vitro and found that in mixtures they show 
additive and often synergistic activity.

Karl Fent, Verena Christen,School of Life Sciences FHNW
Keywords: Azol fungicides, antiandrogenic activity, mixture activity, ecotoxicology

Introduction
Although biocides and pesticides have largely benefited hu-

man life through enhancement of agricultural production and 
 controlling infectious diseases, their extensive use is also resulting 
in contamination of the environment. Azol fungicides may occur 
as residues in food. Direct contact arises from medical uses and 
farmers may be directly exposed during their applications. Azol 
fungicides may have an endocrine disrupting property with asso-
ciated risks for reproductive and developmental effects on humans 
and wildlife. They have antiandrogenic activities by interacting an-
tagonistically with the androgen receptor. Other pesticides may 
be antiandrogenic including some pyrethroids and fungicides, 
such as vinclozolin and prochloraz, also occurring as food residues. 
In mammals, antiandrogens can disrupt the action of steroidal an-
drogens in the foetus, with irreversible consequences. In males, 
exposure to such compounds during development leads to incom-
plete masculinization and malformations of the reproductive organs. 

Nowadays, azole fungicides are important pesticides in fruit 
and vegetable production to control and prevent fungal growth. 
Some conazoles, including epoxyconazole and propiconazole, are 
also used as pharmaceuticals for treatment of fungal infections, 
and some are also used as biocides. Azole fungicides act by inhibi-
tion of enzymes necessary for the fungal cell membrane. Some of 
these fungicides have a number of toxicological risks, including 
cancerogenicity and reproductive toxicity. 

To date, the effects of pesticide mixtures are underexplored 
not only in research but also in the regulatory context and in risk 
assessment. When compounds in a mixture act together and do 
not influence the actions of the others, the outcome of exposure 
to the mixture is additive. The concentration addition (CA) concept 
is used to describe additive mixture effects [4]. When compounds 
interact additively, one compound can be replaced with a fraction 
of an equally effective concentration of another compound without 

  dose-response curves of the mixtures. The dose-response curves 
of the mixtures are mostly located between the dose-response 
curves of the single compounds used in mixtures (Fig. 2), but some 
of them showed synergistic interactions (Fig. 3).

Our data show that most of the experimental curves of the 
EC50 mixtures showed an additive behaviour of the mixtures. How-
ever, mixtures of tebuconazole and propiconazole, econazole and 
propiconazole, and econazole and vinclozolin showed higher an-
tiandrogenic activity than estimated. They exhibited a synergistic 
activity. In total, 12 mixture combinations showed additive interac-
tion, eight compounds showed synergism and two of them an-
tagonism.

Conclusion and Outlook
Our study demonstrates that the antiandrogenic activities of 

binary and ternary mixtures of azole fungicides and vinclozolin fol-
low the CA model. These mixtures display additive interactions but 
a considerable proportion were also synergistic. In regulation and in 
risk assessment, single compounds are considered but not the ac-
tivity of combinations of compounds. This practice may lead to an 
underestimation of potential risks, as humans are exposed simulta-
neously to not only one but many antiandrogenic compounds at 
low concentrations. However, at present, the combinatory action is 
not regarded in this context. Forthcoming studies should demon-
strate whether or not this in vitro potential for non-additive interac-
tions translates to environmentally-relevant low level exposures. 
Therefore, the in vivo relevance or our in vitro mixture activities 
should be investigated. Importantly, our study underscores that 
current risk assessment procedures should move toward account-
ing for mixture effects based on the CA model.
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Economic efficiency and benefit to society: Our study demonstrates that 
azol fungicides interact in an additive and synergistic manner in mixtures, 
leading to significant additive or even synergistic exposure of humans and the 
environment. When used as pharmaceuticals and in agriculture, they should 
be applied with special care. Reduction measures should be taken to lower 
exposure.   

Figure 1 Antiandrogenic activity (black) and cytotoxicity (red) of azol  
fungicides and vinclozolin (mean of three assays).

Figure 2 Binary mixtures of antiandrogenic azole fungicides and vinclozolin 
at different effect concentrations showing additive interactions.

Figure 3 Antiandrogenic activity of tebuconazole and propiconazole and 
their mixturure showing synergistic interaction.
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material based technology. The literature being scarce on the topic, 
we defined and tested a series of potential active components with 
a large molecular weight range for their heat of solution. Xylitol under 
its crystalline form presented the most interesting negative heat of 
solution at 35°C (-157.5 J/g). Sorbitol was finally selected an alterna-
tive to xylitol as the molecule displayed an interesting heat of solu-
tion (-104.0 J/g) combined with a larger molecular size allowing for 
a more durable entrapment of the molecule, a reasonable cost and 
a slightly different, slower profile of solubilisation what could offer a 
more progressive, longer lasting cooling effect.

It was decided to form the capsules using emulsion-polymer-
ization,starting with a similar strategy to that published by Salaün et 
al. [1], who formed micro-capsules of xylitol in a size range of 13 to 
25 μm. Emulsions are a particular system of the 2-phase matter 
referred to as colloids. They are composed of at least two immisci-
ble liquids: the continuous phase and the dispersed phase. As the 
molecules to be entrapped are hydrophilic and the chemistry to 

Nano-capsules 
for thermo-
regulative textiles
 
Technical clothing that could provide a cooling effect remains a challenge  
for the textile industry. With this project we aimed to develop an effective and 
durable effect based on encapsulated active material. The nano-scale of  
the capsules was expected to bring a higher durability as well as a higher  
comfort of wear.

Johann Grognux, Uwe Pieles
Keywords: Nano Capsules, Emulsion polymerization, Encapsulation, Textiles, Thermal Regulation

Introduction
Regulation of the human skin temperature can be of great 

importance in particular for people wearing protective clothing in 
extreme environments e.g. fire fighters or rescue personnel. Criti-
cally, this protective clothing impairs the body’s natural cooling 
mechanisms, building up excessive heat, providing additional 
stress and discomfort and potentially compromising crucial deci-
sions. Therefore textiles with an active cooling mechanism worn 
under insulating protective clothing are highly desirable. 

The objective of the project was to advance the application of 
functional textiles exhibiting active cooling with the tailoring of the 
capsule size. At present, the durability of encapsulated active ma-
terials has had limited applications because the capsule size was 
significantly larger than the fiber diameter. However, with the 
decreas ing capsule size, one also reduces the amount of active 
mate r ial that is captured, therefore reducing the overall effect. A 
range of capsule sizes was needed to determine the optimal com-
promise between durability and intensity of the effect. As existing 
encapsulation methods were not very suitable for producing cap-
sules in the 100 – 10’000 nm range, new approaches were required.

Results
The project was defined around the core active material, giv-

ing the semi-permeable nano-capsules their energy absorbing 
properties e. g. cooling effect (schematic diagram of the principle in 
(Fig. 1). The choice of compounds to be entrapped is one of the 
keys for the efficiency of the capsules and hence success of the 
project. Many of the so-called sugar alcohols (or polyols) under their 
crystalline form present a negative heat of solution. In other words, 
when coming into contact with water (sweat), the polyol starts dis-
solving in an endothermic process, hence generating a refreshing 
sensation. The effect is regenerated by drying the textile without 
use of high energy consumption as in the case of phase change 

Conclusion and Outlook
This report describes the synthesis of active nano-capsules 

with a demonstrated cooling effect for potential applications on 
technical textiles aimed at rescue personnel. The technology could 
also be applied to technical clothing dedicated to recreational activ-
ities. Effective functionalization of textile fibers with the nano-cap-
sules was achieved and their effect measured on fabric samples 
reached the target of 1 to 5 W absorbed as defined in the specifica-
tions. Experiments for an assessment of the effect under actual 
conditions (e. g. a full size shirt) will be conducted in the near future.
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form the shell is hydrophobic,the type of emulsion developed is a 
water-in-oil emulsion. In order to be able to achieve the targeted 
very small capsule size (~100 nm), particular emphasis has been 
put on the selection of the continuous phase and surfactants. The 
emulsions were prepared using a high-speed disperser for which 
the best conditions (time, speed and temperature) had to be de-
fined. Highly viscous mineral oil was finally selected as continuous 
phase as it helped stabilize the emulsion. Furthermore the low cost 
of this solvent would help keep the cost down for potential large 
scale production. Most of the work focused on the nature of the 
surfactants to be used, the composition of the mixture (two or 
three components) and hydrophilic-lipophilic balance value in order 
to achieve the smallest possible droplets within a stable system 
that would allow for the formation of the shell via cross-linking. The 
monomer chosen to produce the capsule shell was 4,4’methylen-
ebis(phenyl isocyanate) for its reactivity at lowest temperature – 
needed to avoid an inversion of the emulsion – and inert nature 
once fully reacted [2], which is an absolute necessity as the cap-
sules are intended to be in direct contact with the customer's skin.

We could produce capsules as small as 260 nm (average diam-
eter, Fig. 2) and as large as 1500 nm (average diameter) with either 
active material. The capsules were then assessed for their cooling 
performance by microcalorimetric measurements (O. Braissant, 
University of Basel). The performance achieved was excellent with a 
measured enthalpy of solution in the range of -100 J/g of material for 
capsules containing up to 40% xylitol. Similarly the nano- capsules 
containing sorbitol displayed a measured enthalpy of solution of 
about -60 J/g of material for an equivalent load of active compound. 

The next step was the application of capsules on actual textile 
fibers. Our partner HeiQ Materials AG provided a synthetic fabric 
treated with their proprietary Adaptive® finishing technology. HeiQ 
Materials AG also performed the cross-linking of the capsules on 
the fibers (Fig. 3) with various amounts of nano-capsules concen-
tration in the liquor. It provided a range of samples with various 
loading of capsules on the textile surface. This was meant to help 
determine the appropriate amount of material needed for the tar-
geted performance and test the differences in feel of the function-
alized textile. The performance observed in the microcalorimetric 
measurements for the highest nano-capsule loading (6.7% weight 
in the padding liquor) consumed, after addition of water, up to 0.42 
mW/cm2. Once extrapolated to the size of a technical shirt one 
could expect a power consumption of around 3.3 W for the textile 
functionalized with xylitol nano-capsules, well in accordance with 
the initial target. This would represent the absorption of the excess 
power developed under an intense effort for approximately 1h, 
which could be sufficient for most emergency rescue missions.

Figure 1 Schematic diagram showing how the temperature of the 
microcapsules decreases on contact with sweat and dissolving of the active 
compound.

Figure 2 SEM micrograph of typical capsules. The insert is a high magnifi-
cation of one capsule.

Figure 3 Micrograph of unmodified (left) and functionalized (right)  
textile fibers.
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incorporation of well-defined cellulose nanocrystals in an opti-
mized TEOS/PDMS network.

Nanocellulose crystals (NCC) [4] are cellulose fibrils with 
nanometer widths and nature-based materials with unique and 
potentially useful features. This nanocellulose has received in-
creasing attention due to its extraordinary optical and mechanical 
properties. Added to that, NCC has not revealed serious environ-
mental concerns. NCC was found to have low toxicity potential 
and environmental risk. It has been reported that cellulose 
nanoparticle films impregnated with an epoxy resin give transpar-
ent composites with excellent mechanical properties [2]. More 
generally, the use of cellulose nanofibrils in composites has been 
described in several studies The results show high strength mate-
rials and fiber-reinforced composite with greatly improved hard-
ness, resistance to cuts, to abrasion and excellent transparency 
properties. 

The aim of the study was to obtain water repellent surfaces 
through two effects: the use of the nanocellulose crystals giving 
superficial roughness, transparency and good mechanical proper-
ties, and the hydrophobic character of the PDMS. At the same 
time, the tetraethoxysilane acts as a grafting agent between the 
coating, the stone and cellulose nanoparticles, reducing the shrink-
age drying effect and the cracking.

Results
The project was divided into two steps; starting with the chal-

lenge of the nanocellulose crystals, synthesis and followed by the 
development of the coating based on TEOS/PDMS/NCC.

Details of nanocellulose crystal generation are not clear 
enough. Its mechanism is usually explained by selective acid hydro-
lysis of amorphous domains of cellulose fibers. The study of the 
nanocellulose synthesis was based on a conventional process [5]. 
It involved the use of 63.5% (w/w) sulfuric acid for the hydrolysis 

Nanocellulose crystals 
for development of new
coatings in stone
monument protection
 
The growing interest in the conservation of historic monuments encourages  
the development of dirt/water repellent materials and methods for historical and 
artistic stone protection. Recently, particular attention has been devoted  
to composites of nanoparticles, hybrid siloxane and hydrophobic polymers.  
Here, a study on the development of new thin protective coating of nanocellulose 
crystals (NCC) and a matrix based on sol-gel process is presented. 

Uwe Pieles, Olfa Glaied
Keywords: Coating, Nanocellulose crystals, Sol-gel process, PDMS/TEOS.

Introduction
Due to direct exposure to acid rain and air pollution, many 

carbonate stone monuments have been in the process of aging. 
Where stone is severely weakened by decay, protection is neces-
sary. The development of materials able to protect stone from the 
effects of natural weathering is of great importance.

Stone degradation is mainly due to the presence of water: it 
acts as a vehicle for weathering processes causing surface disin-
tegration and color alteration. The water repellence effect for the 
surface protection of monuments is commonly obtained by the 
application of polymeric films, to consolidate and to protect stone.

Consolidants based on tetraethoxysilane (TEOS) have been 
used for stone consolidation [1]. These products polymerize with 
the surface of the stone, increasing the cohesion of the material. 
However, TEOS-based consolidants suffer from practical draw-
backs, such as crack formation in the gel and water absorption 
because of its hydrophilic properties.

In order to reduce the degree of fracture percentage of 
TEOS gels, several approaches have been explored. Alternatives 
based on the modification of elastic properties of gels were stud-
ied. These were based on adding flexible chains of hydrophobic 
polymer such as PDMS-OH [2] to the sols. This approach was 
described as the introduction of elastic “bridges” into a TEOS 
network to make the gel able to resist the stress.

Particular attention was devoted to composites obtained by 
introducing nanoparticles into hybrid siloxane or silicone poly-
mers. Recently, the use of inorganic composites [3] was studied 
to decrease the cracking of the gel network. The proposed ap-
proach was obtained by loading TEOS-based consolidant with 
colloidal silica particles. The gels obtained show a significant re-
duction in fracture percentage. However, the use of the nanopar-
ticles was limited by its white color affecting the stone's coating. 

Here we report on a study of sol-gel coatings based on the 

FTIR spectra of the hybrid gel PDMS/TEOS/NCC samples 
studied shows very pronounced bands appearing, indicating that 
hybrid gel samples are composed of a silica and NCC network. It 
confirms the copolymerization of PDMS and TEOS; the NCC graft-
ing is effective and so the organic–inorganic hybrid gels are created.

Static contact angle (SCA) measurements give an indication 
of the surface. Compared to coating of TEOS/PDMS (86°), the in-
corporation of NCC in the matrix TEOS/PDMS-OH increases the 
SCA up (120°). The contact angle showed that the water absorption 
was reduced and the hydrophobic ability improved despite the 
large amount of hydrophilic TEOS added. The investigation of the 
film surface with SEM (Fig. 2) shows a homogenous film without 
any cracking. The hardness increase is evident in the hybrid system 
and it is attributable to the presence of cellulose crystals, which 
gives roughness (visible in SEM images). 

Conclusion and Outlook
This work discusses the successful study to obtain crack-free 

consolidating materials by including nanocellulose crystals in the 
composites and the development of a new protective hydrophobic 
coating for stone monuments. The incorporation of nanocellulose 
crystals provided a transparent coating with excellent mechanical 
properties.
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of the microcrystalline cellulose (Avicel-Aldrich) with a size of 50 
μm. The result obtained does not show cellulose nanocrystals, but 
a suspension of cellulose fibers with a length 1-2μm even after 24 
hours micro and nanoscale coexist. The partial efficacy of the acid 
hydrolysis has already been noted in the literature. In order to im-
prove the NCC synthesis, the reaction was realized in the micro-
wave and all the parameters were optimized (acid concentration, 
temperature, duration,) which results in nanocellulose crystals with 
a yield of 30%. Under controlled conditions of acid hydrolysis treat-
ment and exposure to microwaves, rod-like shaped cellulose 
from 70-200 nm in length was obtained leading to the formation of 
high purity single crystal (Fig. 1).

Inorganic–organic hybrid gels were obtained using Octyl-
amine as a catalyst containing tetraethoxyorthosilicate (TEOS) and 
hydroxyl-terminated polydimethylsiloxane (PDMS-OH) as an addi-
tive. The ratio between TEOS/PDMS was studied in order to limit 
the gelling time of the hybrid film affecting the drying step of the 
film and its optical properties. Dry gels were colorless and transpar-
ent at mole ratio of PDMS/TEOS below 0.2, while it became white 
above 0.2, so the reasonable mole ratio of the TEOS/H2O/ethanol/
PDMS-OH/Octylamine 1:4:7.6:0.2:0.01 with the critical thickness of 
13μm.

The results obtained were investigated to understand how 
the formation of TEOS/PDMS-OH (80/20 mol) -based consolidant 
was influenced by the addition of nanocellulose crystals in the coat-
ing network. The schematic of co-condensation between TEOS, 
PDMS and nanocellulose fibers is detailed in Fig 2.

To achieve a better effect both on the film properties and 
cracking, the concentration of nanocellulose crystals was opti-
mized. The mole ratio of the TEOS/ethanol/PDMS-OH/catalyst is 
1:4:0.2:0.0147, although all products synthesized cracks and NCC 
was not well dispersed. Incorporation of NCC at 0.1% (w/v) in sol 
increases the coating surface roughness, the strength of the film 
and the hydrophobicity and does not change the color. 

Figure 1 a- SEM/ b- TEM pictures of nanocellulose crystals, 70-200 nm 
fiber length

Figure 2 SEM picture of coated surface with formulation based on 0.1% 
NCC, PDMS:TEOS/20:80
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Results
The basic concept of our electrospray instrument shown in 

Fig. 1 relies on the generation of an electrical field between a con-
ductive capillary (1) providing the solution to be delivered (3) and 
acting as first electrode, and the targeted tissue (5), connected to 
ground potential via an integrated electrode (2) within the instru-
ment itself. Due to the electrical conductivity of the tissue it acts as 
a counter electrode. The instrument construction (4) generates a 
working chamber, from which the spray (6) emerges undisturbed, 
and assures a pre-defined fixed working distance between the  
electrodes. Applying a high voltage between both electrodes gen-
erates the droplets and accelerates them towards the tissue and 
into the cells. 

Based on this general approach, a larger scaled rigid device 
was designed for standalone or endoscope assisted procedures as 
shown in Fig. 2. The outer diameter of 10mm conforms to the 
 dimensions used in laparoscopy. The functional prototype is fabri-
cated using additive manufacturing technology. A second small-
scale instrument (Ø 3mm) is designed to be used within flexible 

Electrospray: a novel 
tool for therapeutic 
gene delivery
 
The clinical application of gene therapies requires suitable supporting tech- 
niques, both to deliver active compounds to the region of interest within the human 
body and to enable the compound to overcome the cell membrane. With this  
study we developed a novel procedure based on electrical field assisted  
delivery and designed minimally invasive instruments, enabling the use of  
electrospray in endoscopic procedures.

David Hradetzky, Stephan Boehringer
Keywords: gene therapy, targeted physical drug delivery, minimally invasive device 

Introduction
In order to provide efficient therapy, active molecules such 

as drugs or genes have to be delivered to, or close to, the affected 
organ or region of the body. In some applications cellular uptake of 
a delivered molecule is necessary but is impeded by the barrier of 
the cell membrane, preventing the molecules from entering the 
cells and exerting the therapeutic effect. Focusing on gene thera-
py applications, bioactive molecules such as plasmids have to be 
delivered to a locally confined region within the human body. This 
approach often suffers from poor plasmid uptake and requires 
supporting techniques to facilitate entry to the cells. Different 
methods for gene transfer have been investigated, focusing on 
modifications (e.g. viruses) or encapsulation (e.g. nanoparticles) of 
the substances delivered. 

In contrast to these methods, we investigated the delivery of 
non-modified active molecules using a novel method [1]. Utilizing 
the so-called electrospray process, a solution is dispersed by elec-
trical fields into small water droplets containing the plasmid. These 
electrically charged droplets are accelerated towards the tissue by 
the same electrical fields and can thus overcome the membrane 
and enter the cell without causing residual damage.

Suitable minimally invasive instruments were designed and 
evaluated for clinical application. One possible therapeutic applica-
tion is a gene therapy for Idiopathic Pulmonary Fibrosis, requiring 
the delivery of a plasmid into epithelial cells of the human lung [2]. 
A flexible delivery instrument fitted within the working channel of 
a bronchoscope is required to target the intraluminal region of the 
human body, providing a fully endoscopic treatment. In addition to 
this flexible approach, a rigid standalone instrument is proposed, 
enabling endoscope-assisted intraluminal therapy within laparo-
scopic procedures.

Conclusion and Outlook
In cooperation with Bern University Hospital the basic con-

cept of the electrospray procedure and device was proven in an in 
vitro and ex vivo scenario. The potential of this delivery technology 
for innovative gene therapy was demonstrated. Using non-modi-
fied plasmid, we expect to avoid local and systemic inflammatory 
and immunogenic responses. 

Although the electrospray method is currently being investi-
gated for gene therapy, it could be a general approach for physical 
targeted therapy and may be used for the delivery of other non-per-
meating substances. Utilizing local delivery, this method further-
more offers a new pathway to affected regions within the human 
body, avoiding the systemic route and therefore also avoiding sys-
temic side effects. As a result this method may be attractive for the 
targeted delivery of chemotherapeutics. 
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devices such as a bronchoscope [3]. In contrast to the rigid device, 
the instrument is made of flexible materials such as super elastic 
Nitinol tubing for the capillary and Polydimethylsiloxane for the 
body construction. Both devices are interfaced to desktop hard-
ware, including a high power source for the generation of the elec-
trical field and a syringe pump for dispensing the solution to be 
delivered. All components are controlled via a standard laptop.

 To assess the feasibility of this method for gene therapy appli-
cations, the transfection of a reporter gene, the enhanced green 
fluorescent protein plasmid (eGFP), was investigated. Cultivated 
alveolar epithelial like cells (A549) in an in vitro arrangement were 
used as a target. The plasmid was dissolved in water at various 
concentrations ranging from 20 to 500μg/ml. After application of 
the electrospray procedure, the target cells were incubated for 24 
hours at 37°C and the resulting enhanced green fluorescent pro-
tein was observed using confocal microscopic imaging. Adding a 
small amount of ethanol (3%) improved the stability of the delivery 
process and did not have any drawbacks. The microscopic fluores-
cence image shown in Fig. 3 demonstrates the outcome when 
delivering 3μg of eGFP-plasmid dissolved in 30μl purified water. We 
successfully demonstrated the feasibility of the electrospray proce-
dure and instruments for the transfection of eGFP-plasmid into ex-
planted and cultivated lung tissue.

As the transcription process relies on intact cells, the observa-
tion of green fluorescence not only proves the transfection of plas-
mid into the cells, it furthermore demonstrates the viability of 
those cells.

Figure 3 Fluorescence microscopic image of alveolar epithelial-like cells 
24hrs after applying electrospray (30µl of 100µg/ml eGFP) with a rigid device. 

Figure 2 Functional prototypes of a minimal invasive, rigid (10mm) and 
flexible (3mm) delivery device.

Figure 1 Cross section of the basic electrospray platform concept.
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Results
A. Data Extraction

As a test bed for the experiment a forum about drugs was 
used. It contains 15 discussion boards, each board contains be-
tween 100 and 8000 threads consisting of between 100 and 
130’000 posts. Overall there are 20’000 threads with a total of 
210’000 posts spanning 10 years.

In order to recognize terms of interest in each post, a list with 
4500 side effects, 8500 drug names and 4000 diseases was gener-
ated. These lists were used in a text-analysis-chain that consists of 
three components: a rule-based tokenizer (to pre-eliminate stop 
words, unparsable characters and numbers), an n-gram extractor, 
and finally a basic statistical processor (to calculate co-occurrence, 
term frequency and inverse term frequency values [1] for each rel-
evant term). 

B. Views
The developed application offers three principal views. One 

view to satisfy the user’s need for a simple facet-based thread 
comparison, a second to determine the relevance of given threads, 
reading the actual content of these threads, and finally a third for 
the analysis of the temporal behavior of any topic mentioned in the 
chosen discussion board. 

The views are coordinated through brushing and linking to 
support exploration and intuitive navigation. It has been shown that 
multiple coordinated views are a useful concept to provide detailed 
information as well as an overview of all available information [2].

1) Comparison view 
In contrast to the standard list representation, we provide a 

context preserving visualization for forum threads that were found 
via the user’s search request for a specific keyword through the use 
of parallel tag clouds (PTCs). PTCs are a method of analyzing and 

Using visual text mining
to extract knowledge 
about drugs from medical 
discussion forums
 
The internet is a vast source of information and discussion boards especial-
ly comprise a wealth of subjective opinions and experiences of individuals. 
Within the concept of a discussion board it is difficult to discover trends 
and interrelate individual posts. Here a highly interactive visual data mining 
tool is used for discussion boards in the field of pharmaceuticals.

Christian Schwald, Markus Degen, Dominique Brodbeck
Keywords: Visual Data Mining, Big Data, Social Media mining

Introduction
More and more people are using the internet as an informa-

tion source. Therefore it is not a surprise that different stakehold-
ers in health-care such as care-givers, providers and patients are 
starting to utilize information outside their traditional channels (e.g. 
patient - doctor, doctor - drug-manufacturer) for their decision mak-
ing. Patients are communicating with other patients who suffer 
from the same disease, or they have access to the same informa-
tion from the drug manufacturers as doctors have. An example of 
such channels are health-related discussion boards. Discussion 
boards in general are one of the richest sources of public opinions 
on the internet. In medical discussion boards people share their 
experience about medical topics, such as use, side effects or 
application of medical drugs.

Most of the information posted in these forums, however, is 
created in an unstructured, mostly text-based form. Visitors to the 
forums are faced with an overwhelming number of posts and 
threads, mostly allocated to different sub-forums. With threads 
getting excessively long, up to several thousand posts, and a life 
time that spans several years, it becomes very hard to get an over-
view of, find and understand the desired information in a reason-
able amount of time. 

We have developed a software system that uses interactive 
visualization to support sense-making in large discussion forums 
on the basis of a text analysis chain that extracts common rela-
tions between drugs, side effects and diseases. It shows the rele-
vant topics of each thread and the context in which these topics 
occur through the use of a parallel tag cloud. The evolution of any 
forum topic can be illustrated and analyzed through a highly inter-
active time line. 

Once activated, the term lens shows the most prominent 
co-conversation topics for a selected graph for a tested time period, 
as can be seen in Fig. 3. 

To observe the perception of any given topic, a sentiment 
analysis based on the SentiStrength algorithm [5] is also integrated 
in the time view. Posts with an overall positive score are colored 
bright green, negative posts are colored red, and neutral posts are 
transparent. 

Conclusion and Outlook
The system developed was evaluated through informal usage, 

as well as a small test with six users, for exploring the knowledge 
contained in a test forum. The results indicated that further im-
provements to the user interface should be made for the usability 
as well as the accessibility of the system. Nevertheless the system 
showed great potential in visualizing common relations between 
different facets such as alternative treatments for a given disease, 
or the most common side effects for a given illness. The presenta-
tion of threads, the topics covered through the parallel tag cloud 
and the direct link to related topics has drawn special interest from 
test users. It provides a good starting point for selecting initial 
threads of interest and useful hints about related topics.

Because only a rudimentary text analysis was implemented, it 
is difficult to infer the link between drugs and their side effects. A 
similar problem arises in the sentiment analysis. Because most 
posts have a negative tone by the nature of this particular applica-
tion domain, common lookup tables that are used by sentiment 
algorithms are not suitable without adaptation because the large 
number of side-effects mentioned drastically influences the calcu-
lated sentiment value.
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exploring faceted text corpora [3]. In our case the facets represent 
side effects, drugs and diseases that were extracted in the previ-
ously mentioned text analysis chain. For every visible thread, an 
adjustable number of extracted facets are shown to the user (see 
Fig. 1, top). The size of each term is determined by its relevance to 
the thread in which it occurs. Similar terms that occur in more than 
one thread are connected through a polygonal line whose thick-
ness is also determined by the relevance of the two containing 
threads. 

2) Document browser
The content of each thread can be analyzed in the document 

browser, where each thread is presented as a vertical bar. The bar 
is divided into a number of parts corresponding to the number of 
selected terms. The height of each bar segment is proportional to 
the relevance of that term in the given thread (see Figure 1, middle).

Posts that are revealed when a thread is expanded are pre-
sented in the same manner. The content of each post becomes 
visible if the mouse cursor is hovered over the corresponding bar. 

3) Time view
In its basic form the time view is used to show the post be-

havior of any given forum topic or topics. The users can choose 
from different graph representations such as a normal line graph, a 
stacked line graph, or a steam graph layout, depending on the task 
they want to accomplish. In Fig. 2 the chronological post patterns 
of two drugs and one disease are presented as stacked line graph. 
Through the use of a bi-focal lens that magnifies the area in focus 
and shrinks the areas outside [4], it is possible to observe the 
chronological patterns of posts down to a single day. 

Figure 2 The stacked graph compares the chronological pattern of the 
drugs Gabapentin (red) and Neurontin (green) and a nerve related disease 
(pink).

Figure 3 The "term lens" shows the most prominent conversation topics for 
the drug Gabapentin for the highlighted time period.

Figure 1 Overview of the application with the comparison view at the top, 
the document browser in the middle and the time view at the bottom.
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used, which is suitable for low volume production. 
Patient specific stem parts of hip joint prostheses served as 

an example indication to demonstrate the feasibility of the whole 
new process chain. The design process started by importing a 
patient's CT scan dataset and ended with the design of a pa-
tient-specific hip stem. This dataset was sent out to project part-
ners for production and post-processing. For validation purposes, 
different surgeons tested the individual implants and a pre-clinical 
trial was done. 

Results
The ImplantDirect process starts with the surgeon using highly 

automated and user friendly software. It enables surgeons to plan 
and create 3D implant designs based on patient CT data with few 
interaction steps and without needing any engineering or computer 

ImplantDirect: the future
of patient specific 
hip prosthesis design 
and manufacturing
 
Patient-specific bone and joint replacement implants lead to better functional  
and aesthetic results than conventional methods. Extracting 3D shape information 
from patient images to design and produce patient specific implants involves  
multiple surgeon-to-engineer interactions and laborious machining. The ImplantDirect 
project shows a combination of new design and manufacturing approaches  
that shortens the overall time significantly.

Florian Coigny
Keywords: patient-specific, implant, 3d-printing, design, software, bone

Introduction
Patient-specific shaped implants for bone support or bone 

replacement are an emerging trend in surgical interventions [1]. 
Implants in the facial area for example need to match the shape of 
the face in order to create an acceptable functional and aesthetic 
result [2]. For other indications, patient specific implants have a 
better surgical outcome or faster recovery times. Revisions of 
joint implants, for example, need a good interface between the 
implant and the patient’s remaining specific bone structure. 
Shape matching surfaces of patient bone and implant improve 
stability and preserve most of the patient’s remaining bone [3]. 
Today, two main methods are used to customize bone implants. 
One is that the surgeon inter-operatively bends and cuts implants 
in order to match the desired shape. This procedure prolongs the 
operation time and results in high expenses for the time in the 
operating theatre. Further, the bending adaptations weaken the 
metal structures and implants could easily break under biome-
chanical loads. Additionally, this surgical approach is never as ac-
curate as a patient specific preoperatively produced implant. 

Another approach to implant customization starts by design-
ing the implant pre-operatively based on the patient’s own computer 
tomography (CT) image data. This is realized by collaborating sur-
geons and design engineers and needs several interactions and 
iteration steps which take time and lead to a risk of errors. The 
implant is then produced according to this design with conven-
tional machining methods such as milling or turning. This is cost 
and time intensive because such production methods are used for 
mass production. 

The ImplantDirect project aims to develop a novel produc-
tion chain where the engineer is no longer the originator of the 
implant design. The surgeon becomes the designer of patient 
specific solutions while the classic design phase is eliminated and 
shorter lead-times could be achieved. Additionally 3D-printing is 

some of the participants. They concerned clarity of error messages, 
user instructions, and the performance of one particular workflow 
step. A working web platform for uploading the design file, tracking 
of implant production and delivery status was also developed. 

Conclusion and Outlook
The pre-clinical validation of the process chain is currently on-

going. Preliminary results indicate that the combination of design 
software and web platform works. Twelve implants have been 
 designed, produced and implanted into pig femurs (Fig. 3). Post-op-
erative CT scans of the femurs with implants are being evaluated 
for implantation fit accuracy. The first few results show that the in-
sertion depths of the implants are within tolerance. Improvements 
are necessary on the cutting guides in order to support the surgeon 
with the alignment of the neck part of the stem. 

The successful test of the ImplantDirect process chain shows 
the feasibility and the huge potential of the approach. Taking manu-
facturing guidelines into account during the design phase could 
further automate the process and thereby reduce production costs.
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for surgeons in combination with 3D print manufacturing can significantly 
shorten the design and production phase. The custom fitted implants improve 
surgical outcome and speed-up patient recovery.   

aided design (CAD) know-how.
The software implements a design workflow which has been 

developed in close collaboration with surgeons where users are 
guided step by step. 

The surgeon starts the workflow by importing patient CT im-
ages from a USB-Stick or other data media. Uni-lateral 3D slice 
images that contain the hip cup and stem area with maximum 2 
millimeters slice thickness and a gantry angle of 0 degrees are 
required.

After checking and complementing missing patient informa-
tion, the surgeon marks anatomical properties such as the patient’s 
leg axis or the hip center in the patient images (Fig. 1). This infor-
mation is acquired on virtually generated 2D x-ray images that sur-
geons are already used to working with. 3D coordinates of the 
properties are gained by letting the surgeon work on two orthogo-
nally oriented images.

In the next steps, the surgeon defines size and position of the 
implant based on the previously acquired anatomical properties. 
The last planning step requires the surgeon to define the area of 
the hip stem that will have a patient specific shape. A new algo-
rithm then modifies standard implant geometry in the marked ar-
eas in order to match the automatically recognized cortical bone 
from the images. For the final check, the surgeon sees a 3D model 
of the patient specific implant, which can be inspected from all di-
rections and in detail by rotating and zooming (Fig. 2). A slice by  
slice overlay of implant contours on patient images allows verifica-
tion of the surface match and the correct positioning. If the surgeon 
agrees to the design, it can be exported and uploaded to a manu-
facturer. 

The validation was in two steps. First, the design software 
was validated with a questionnaire containing 22 goals in terms of 
usability and functionality that should be reached. Four individual 
surgeons filled out this questionnaire after using the software. Each 
goal could be rated with “very positive” “positive”, “medium”, “neg-
ative” and “very negative”.  

The second validation step was the overall test of the whole 
process chain with an ex-vivo animal study. Twelve pig femur bones 
were scanned with CT. Using the new method, the patient specific 
implants were planned and produced. During the implantation step, 
patient specific cutting guides help the surgeon to intra-operatively 
place the implant as planned. Besides showing the feasibility, the 
implant stability was tested mechanically. Post-operative CT scans 
were used to evaluate the fit and accuracy compared to the pre-op-
erative planning result. 

With this method, an individual hip implant stem is typically 
planned and designed within 10 minutes. The feedback revealed 
that 19 out of 22 goals were rated “positive” or “very positive” by 
the subjects. Three goals received “medium” rating from only 

Figure 2 Design Software for surgeons: Design-check screen for final 
customized implant

Figure 3 Left: Patient specific hip implant. Right: Implantation into  
pig femur.

Figure 1 Design Software for surgeons: User interface for defining  
anatomical properties
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Results
In order to improve the poor mechanical properties of native 

3D-printed Hydroxy-Apatite (HA) scaffolds, nature was imitated by 
adding an elastomeric component to the brittle ceramic structure. 
Such hybrid structures are achieved by infiltration of the 3D-print-
ed and sintered HA scaffolds with biodegradable polymers such 
as gelatine. Mechanical properties of printed HA scaffolds are fur-
ther optimized by increasing the sinter activity through sinter ad-
ditives.

Of the other mixtures of bio-ceramics and bio-polymers, the 
mixture of dextran and hydroxyapatite in combination with D(+)-su-
crose as binder liquid showed the best results. To increase high 
temperature sinter activity after 3D printing, various additives such 
as potassium carbonate (K2CO3), sodium carbonate (Na2CO3), po-
tassium fluoride (KF) and sodium triphosphate (Na5P3O10) were 
used. As a post-processing step an infiltration with gelatine was 
performed and examined for better compressive strength.

For production purposes a modified 3D printing system 
(Z-Corp) was used to process the above mentioned material 

BioPrint: reinforced 
biomimetic 3D composite
bone scaffolds made by 
3D printing
 
Most bone defects caused by tumor resections or fractures are treated  
by autologous transplants taken from patients' own bone structures such as  
fibulae, ribs or iliac crest. Bigger or complex shaped defects require  
tailored artificial bone replacing structures. The BioPrint project addresses  
this need by processing synthetic bone-ceramics and polymers by  
the use of 3D printing technology.

Ralf Schumacher, Philippe Chavanne, Uwe Pieles
Keywords: 3D printing, Bio-ceramics, bone replacing scaffolds 

Introduction
Over the last decades the demand for bone replacing im-

plants has experienced a rapid market growth. This growing 
need requires new and more cost effective osseous restoring 
techniques [1]. Furthermore a recent trend in designing and 
 developing personalized implants for individual needs of the pa-
tients indicates the future direction of modern implant technolo-
gy [2]. About 90% of all bone replacing procedures use either 
allograft or autologous bone grafts originating from the iliac crest 
or the fibulae. The latter procedure is the current «gold-stan-
dard». Despite the best biocompatibility, this method exhibits 
major disadvantages, because extra surgery on healthy body re-
gions is necessary to extract the bone. This causes pain and an 
inherent risk of infections. Additionally the amount of autologous 
donor bone is limited.

To overcome these limitations several bone graft substitute 
materials (polymers, ceramics and metals) have been developed 
and studied over the last decades. So far they are used mainly in 
granular form to augment bone lesions or as pre-shaped stan-
dardized three dimensional structures, which the surgeon has to 
shape, mill and grind prior to surgery [3].

Recent 3D printing developments have expanded the tech-
nology to process a variety of bio-materials, making the technology 
interesting for patient-specific treatment procedures. For process-
ing bio-ceramics, an inkjet procedure is used to spray binder solu-
tion on layers of ceramic powder. The binder selectively hardens 
the material and builds up complex shaped three dimensional 
structures. Compared with traditional ceramic processing meth-
ods, this «binder on powder» 3D printing allows production of tai-
lor made implants with high biomimetic properties. Based on this 
technology, the BioPrint project targets patient specific ceramic 
bone implants with higher mechanical stability and additional 
bio-functionality, e.g. by adding different agents during 3D printing.

Conclusion and Outlook
Achieving high compressive strength values is inevitably nec-

essary for any use as bone replacing material in the human body. 
Although the results described above are promising, the solubility 
of the organic phase of the hybrid structures is still an issue to be 
addressed in further studies. Additionally, infiltration studies are 
needed to reduce the amount of porosity loss without sacrificing 
any mechanical performance.

Since contaminated HA particles showed much better densi-
fication with higher Vickers hardness values, analysis of remaining 
chemical compositions after sintering will be executed and evaluat-
ed for biocompatibility.

Further work will address the ability to increase compressive 
strength by applying an extracellular matrix (ECM) generated by 
osteoblast-like cells on the scaffolds. The specialized cells secrete 
and mineralize bone matrix by regulating calcium deposition and 
mineralization. It is assumed that a proper mineralized ECM on the 
scaffolds would strengthen the structure and additionally provide 
improved osteointegration.
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mixtures. Dense body cylinders (Ø 10 x 10mm) as well as cubic 
samples with an open porous structure (10 x 10 x 10mm) were 
produced. HA powder was blended with 15 wt.% dextran as bulk 
material and printed with polysaccharide based binders. 

These samples were sintered at temperatures around 1400°C 
and afterwards vacuum infiltrated with gelatine of several concen-
trations at 50°C.

We were able to demonstrate that high mechanically load-
able bone replacing structures could be manufactured by means of 
3D printing. The gelatine infiltration of the open porous scaffolds 
(Fig. 1) could increase the compressive strength (CS) of an untreat-
ed sample (CS 5.65 MPa, @ porosity of 61%) by factor 4 (Fig. 2), 
while porosity decreased by almost 50 % since gelatine closed 
small interconnecting pores.

It was shown that the targeted ceramic contamination with 
sintering agents has positive impacts on sintering results. The 
increase in CS was demonstrated for different HA-mixtures at sin-
tering temperatures of 1425°C for 2h. The addition of KF (5 wt.%) 
to HA powder caused the biggest effect after sintering. A denser 
and harder ceramic body with a Vickers hardness of 404HV was 
achieved (Fig. 3).

Figure 3 SEM picture of pure sintered HA (left) and HA/5 wt.% KF sample 
(right) after sintering at 1425°C for 2h

Figure 2 Compressive strength (CS) and porosity values of HA scaffolds 
after 3D-printing, sintering and infiltration.

Figure 1 3D printed open porous hydroxyapatite HA scaffolds after infiltration 
with 15 wt.% gelatine
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Diffusing Wave Spectroscopy (DWS) is an optical technique 
that employs dynamic light scattering in the multiple scattering 
regime to study highly concentrated colloidal systems, such as 
turbid emulsions [2, 3]. DWS measures the dynamics (intensity 
correlation function, ICF, g2(τ)-1) and statics (transport mean free 
path, l*) of the scattered light and the sample microrheological 
properties (storage, G’, and loss, G’’, moduli) in a fast, non-contact 
and reproducible manner. A scheme of the apparatus and the 
informa tion obtained by this technique are shown in Fig. 1. In this 
project, DWS was employed to monitor at-line the manufacturing 
process of simple and complex pharmaceutical emulsions.

Results
This project was done in collaboration with two industry part-

ners, LS Instruments, the manufacturers of the DWS equipment, 
and Galderma Spirig, a company specialized in dermatological 
products. 

Emulsions are commonly prepared using a homogenizer mix-
er. By removing and analyzing samples at specific homogenization 
times, i.e. at-line, the evolution of the emulsions during the manu-
facturing process could be followed using DWS. The results ob-
tained for a simple model oil-in-water (O/W) pharmaceutical emul-
sion (containing 0.9% w/w xanthan gum in the continuous phase) 
are presented in Fig. 2. It can be clearly seen in Fig. 2a that as the 
homogenization time increased, the decay in the ICF shifted to-
wards shorter lag times. The ICF decay, which represents a mea-
sure of the dynamics of the system, depends on the droplet size, 
the interactions between droplets and the rheological properties of 
the samples. Another value that can be measured using DWS is 
the transport mean free path, l*. This static measure depends on 
the wavelength of the probing light, the droplet size and the scatter-
ing properties of droplets and of the continuous phase. Fig. 2b 
shows that the l* values decayed rapidly during the initial homoge-

Diffusing wave 
spectroscopy as a novel
monitoring tool for 
pharmaceutical emulsion
manufacturing 
 
The implementation of process analytical technology (PAT) for the manufacturing  
of semisolid formulations is of great pharmaceutical relevance. However,  
this is challenging due to the typical high turbidity of these systems. In this project, 
diffusing wave spectroscopy (DWS) was introduced as a PAT tool to monitor  
the homogenization process of emulsions.

Alexandra Machado, Martin Kuentz, School of Life Sciences FHNW
Keywords: Process analytical technology, manufacturing, pharmaceutical emulsions, diffusing wave spectroscopy

Introduction
The pharmaceutical industry has been actively implementing 

different types of process analytical technology (PAT) tools in the 
development and manufacturing of drug products. Monitoring of 
these processes is very important to ensure final product quality. 
The majority of PAT efforts have been mainly focused on solid dos-
age forms, with less research dedicated to the more demanding 
semisolid formulations, such as emulsions. Emulsions are disper-
sions of two (or multiple) immiscible liquid phases that are stabi-
lized by a single or several emulsifiers. Pharmaceutical emulsions 
additionally comprise other excipients such as viscosity modifiers, 
preservatives or flavors. These complex systems exhibit a struc-
ture and stability that are often determined by the physical interac-
tions between the different emulsion components and by the dif-
ferent processing steps [1]. In order to understand these effects 
and to ensure final product quality, it is of major importance to fol-
low the manufacturing process of emulsions. However, this is chal-
lenging from a technical point of view, as these formulations are 
generally highly turbid and therefore specific techniques are required. 
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nization process, indicating an increase in turbidity, and stabilized 
after a certain time. The similar trend shown by ICF and l* suggest-
ed that the differences observed with increasing homogenization 
duration may be mainly due to droplet size changes in the xan-
than-containing emulsion.

To assess this, the evolution of the droplet size with increas-
ing homogenization durations was observed using microscopy. The 
images shown in Fig. 3 clearly indicate that there was a substantial 
increase in the number of small droplets as the homogenization 
duration increased and the number of large droplets became negli-
gible. These results confirmed that for this model emulsion, the 
changes observed in the DWS results are a consequence of the 
changes in droplet size occurring during the homogenization pro-
cess. It is noteworthy that for this model system, the rheological 
properties of the emulsions are mainly dominated by the continu-
ous phase and thus are comparatively insensitive to the homogeni-
zation procedure. Further insights into these results can be found in 
an article published in the Journal of Pharmaceutical Sciences [4]. 

In the case of a more complex emulsion than the model sys-
tem studied, it is expected that DWS may reveal distinct changes 
in the system dynamics and in the static measures.

Conclusion and Outlook
In this study, DWS was employed to monitor the droplet size 

changes during the homogenization procedure of a simple model 
emulsion. The technique was found to be useful since it provided 
important information on the structure of the emulsions. Such data 
forms a basis to better understand the system and it can help to 
ensure the final structure of an emulsion product. DWS is also suit-
ed to analyzing more complex pharmaceutical or dermatological 
formulations, where the assessment of microrheology can also be 
of great relevance.

As a light scattering technique suited for turbid colloidal sys-
tems, DWS is a promising PAT tool for pharmaceutical emulsion 
manufacturing. Moreover, this fast technique has a high potential to 
be integrated in large-scale production or to be used for quality 
control of pharmaceutical emulsions.

Figure 1 Schematic representation of the experimental setup and informati-
on obtained with diffusing wave spectroscopy. 

Figure 2 The measured normalized ICF (a) and l* values (b) for the xanthan-containing O/W emulsion after different homogenization durations.

Figure 3 Bright-field microscopy images of the emulsion after different 
homogenization times.
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tions with different composition and physicochemical properties 
were investigated. Also, the impact of variation of application pro-
cedure on layer thickness of the same product was examined in 
relation to SPF. A methodology was developed to measure film 
thickness of applied product on the in vitro biological substrate and 
to determine SPF of the same preparation.

Results
The Trypsin-separated stratum corneum and heat separated 

epidermis of pig ear skin provided UV transparent substrates that 
were laid on quartz or on PMMA plates. These were used to deter-
mine surface roughness by chromatic confocal imaging and to 
measure SPF in vitro by spectral UV transmission method of sun-
screens that were applied at 2mg/cm². The isolated skin mem-
branes (Fig. 1) showed lower roughness than full thickness skin. 
However, heat separated epidermis on quartz yielded SPF in vitro 

New in vitro method
shows: thickness frequency
distribution of applied 
sunscreen defines
sun protection factor 
 
Understanding the mechanisms of sun protection by sunscreens is crucial for  
effective product development. Moreover, availability of in vitro methods for measur-
ing sun protection factor (SPF) is essential for efficient development. Newly  
developed methods for measuring SPF in vitro and evaluating the applied product 
layer demonstrate that thickness frequency distribution of sunscreen, in addition  
to the UV filters contained, determines sun protection efficacy.  

Myriam Sohn, Georgios Imanidis,School of Life Sciences FHNW
Keywords: SPF in vitro, pig ear epidermal membrane, chromatic confocal surface imaging, film thickness, film homogeneity 

Introduction
Sunscreen products are widely used to prevent damage of 

the skin by solar UV irradiation, such as sunburn and neoplasia.  
The development of sunscreen products currently requires testing 
on human volunteers for determining their efficacy as a condition 
for regulatory approval. This testing, although ethically question-
able and highly inefficient, is still necessary because no valid in vitro 
or in silico alternatives exist. Furthermore, the mechanism by 
which the formulation of the product influences sunscreen effica-
cy is presently not fully understood. UV filters are primarily respon-
sible for sun protection effect. However, the same combination of 
UV filters incorporated into different vehicles for dermal applica-
tion often produces a differing sun protection factor (SPF).  Also, 
application conditions of the product were seen to affect sun-
screen efficacy. Therefore, an in vitro method for determining SPF 
and development of a principle for assessing the effect of formula-
tion on SPF are urgently needed. Besides improving our under-
standing of sun protection by sunscreens, these actions should 
help expedite development, reduce clinical trials and increase 
quality and safety of these health care products.

The purpose of this investigation was to examine the use of 
skin from porcine ear as biological substrate for in vitro testing of 
sunscreens in order to overcome the shortcomings of the present-
ly used polymethylmethacrylate (PMMA) plates. Use of these 
plates, despite being presently the industry standard, generally 
fails to yield a satisfactory correlation between the measured sun 
protection factor in vitro and the clinical result. Practically meaning-
ful dimensions and application conditions and tissue material were 
used to establish bio-relevance of the in vitro system. A further 
goal of the study was to test the hypothesis that thickness fre-
quency distribution of the applied sunscreen layer is responsible 
for, and can explain the divergence in, SPF values obtained with 
different vehicle formulations of sunscreens. For this, five formula-

Within the same sunscreen formulation, SPF in vitro showed 
a significant positive correlation with Smean, the frequency weight-
ed average thickness (Spearman rank correlation test). The five ve-
hicles exerted a significant influence on Smean, Smean to median 
ratio of thickness distribution and SPF in vitro (p<0.05, KruskalWal-
lis) Tab. 1 [2].

Low viscosity vehicles (OW-S and CAS) resulted in smaller 
Smean, larger Smean to median ratio and lower SPF in vitro than 
high viscosity vehicles. Continuous oil phase (WO) produced the 
largest Smean and SPF values. OW-C and GEL did not differ statis-
tically from each other with respect to any of the parameters; nei-
ther did OW-S and CAS. Long spreading time significantly reduced 
Smean and SPF in vitro and increased Smean to median ratio while 
greater application pressure reduced SPF in vitro. Application con-
ditions were tested with the GEL formulation.

Overall, differences in SPF in vitro among sunscreen formula-
tions and application conditions appear to correlate with differences 
in sunscreen layer parameters underlining the relevance of thick-
ness frequency distribution for interpreting UV protection dif  fer ences 
of sunscreens with the same UV filter composition. The effect  of 
vehicles with different physicochemical characteristics can thus be 
reduced to a significant extent to their film forming ability on skin 
surface. The property of vehicles to yield films with different charac-
teristics upon skin application arises from their content of function-
al excipients, notably thickeners. The mechanics of application, not 
surprisingly, also affects product film distribution. 

Conclusion and Outlook
Besides surface roughness, the improved affinity of the sun-

screen to skin substrate compared to PMMA plates may explain 
the better in vitro prediction of SPF achieved with the use of biolog-
ical substrate. This work demonstrated a strong influence of vehicle 
and application condition on sunscreen efficacy arising from differ-
ences in film thickness frequency distribution. The effect of other 
factors such as phase characteristics of the vehicle on SPF still 
needs to be investigated. This analysis advances the understanding 
of the mechanism by which sunscreens provide protection from UV 
light and can be implemented to improve product development as 
well as reduce clinical trials.
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values that more accurately reflected the SPF determined by a val-
idated procedure in vivo than PMMA plates. Interestingly, PMMA 
plates had, in part, roughness values identical to those of intact 
skin. The combination of trypsin separated stratum corneum with a 
high roughness PMMA plate also provided accurate SPF in vitro [1].

Pig ear epidermal membrane on quartz was used as substrate 
to apply five sunscreen formulations with the same UV filter com-
bination using partly different conditions of application pressure 
and spreading time. An oil-in-water cream (OW-C), a water-in-oil 
cream (WO), an aqueous gel (GEL), an oil-in-water spray (OW-S) 
and a clear lipo-alcoholic spray (CAS) were used.  Frequency distri-
bution of sunscreen layer thickness was assessed and related to 
SPF in vitro. For this, a method was developed to determine sun-
screen thickness from the difference of surface topography before 
and after product application, which was based on the confocal 
chromatic aberration principle. An example of measured sunscreen 
thickness is shown in Fig. 2 and thickness frequency distribution is 
given in Fig. 3.

Figure 3 Film thickness frequency distribution and Abbott-Firestone curve 
of sunscreen 

Figure 2 Three dimensional illustration of film thickness of  
applied sunscreen

Figure 1 Three-dimensional view of the surface of heat separated epider-
mal membrane from porcine ear.

Table 1 Smean and Smean to median ratio of thickness frequency  
distribution and SPF in vitro. Medians with interquartile range Q1 – Q3  
(in brackets) for the investigated sunscreens with high application pressure 
and short spreading time.

Sunscreen SPF in vitro Smean (μm)  Smean to median ratio

OW-C (n=27) 33 (30 – 48) 2.3 (2.0 – 2.7)  1.30 (1.25 – 1.44)
OW-S (n=20) 16 (13 – 26)  1.6 (1.2 – 2.0) 1.41 (1.30 – 1.96)
GEL (n=28) 28 (20 – 34) 2.6 (2.4 – 3.1) 1.19 (1.16 – 1.23)
WO (n=24) 72 (55 – 85) 2.9 (2.6 – 3.2) 1.19 (1.17 – 1.21)
CAS (n=20) 14 (7 – 20) 2.2 (1.7 – 2.6) 1.71 (1.44 – 1.99)
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Rapamycin) signaling pathway. Additionally, we examined apopto-
sis-inducing actions of RF20-(SP-207) in immortalized human kera-
tinocytes (HaCaT).

Results
As a first step, it was investigated whether RF20-(SP207) 

showed any toxicity to HaCaT cells. It was shown that cell viability 
of RF20-(SP-207)-treated keratinocytes decreased by up to 50% 
(100 μg/mL, dose-dependency) compared to the control (Fig. 1). 
The BrdU (5-bromo-2'-deoxyuridine, BrdU) Cell Proliferation Assay 
was used to measure cell proliferation (Fig. 2). BrdU is a synthetic 
nucleoside that is an analog of thymidine and is commonly used in 
the detection of proliferating cells in living tissues. BrdU can be in-
corporated into the newly synthesized DNA of replicating cells 
(during the S phase of the cell cycle), substituting for thymidine 
during DNA replication. Antibodies specific for BrdU can then be 
used to detect the incorporated chemical, thus indicating cells that 
were actively replicating their DNA. Our data show that at a con-
centration of 100 μg/mL, BrdU-incorporation was inhibited by 75% 

Valorization of industrial
wastewater: new bio-
logically active substances 
from by-products of
rose oil distillation
 
The overall goal of the project is the selective recovery of phenolic compounds  
from by-products of rose oil distillation. This provides the double opportunity to obtain  
biologically active substances and to reduce the intrinsic environmental toxicity of  
the wastewater. The recovered polyphenol fraction underwent pharmacological  
in vitro testing targeting cell proliferation directing pathways.

Jonas Wedler, Veronika Butterweck, School of Life Sciences FHNW
Keywords: Rosa damascena, rose oil distillation, wastewater management, cell proliferation, polyphenols

Introduction
During the water steam distillation process of rose flowers 

(Rosa damascena), the non-volatile phenolic compounds remain in 
the waste. While the essential oil is the desired liquid for the cos-
metic and food industry, the polyphenol containing rose oil distilla-
tion water (RODW) is our main interest. We recently developed a 
strategy to separate RODW into a polyphenol depleted water frac-
tion and a polyphenol enriched fraction [RF20-(SP-207)] [1]. Poly-
phenols are known to have a wide spectrum of biochemical and 
pharmacological effects, such as antioxidant, anticancer, anti-in-
flammatory and numerous other activities [2]. In particular, rose 
petals are known to contain compounds with potential antiprolifer-
ative activity, such as flavonoids, gallic and protocatechuic acids 
and tannins.

At present, therapeutic options for diseases showing hyper-
proliferation of cells such as psoriasis and cancer are strongly lim-
ited or utterly insufficient. Psoriasis is a chronic inflammatory skin 
disease characterized by epidermal keratinocyte hyperprolifera-
tion, abnormal differentiation and inflammatory infiltration. The 
exact aetiology and pathogenesis of psoriasis remains unknown, 
but it is generally believed to be a complicated network of T cells, 
keratinocytes, vascular endothelial cells, macrophages and cyto-
kines secreted by them. The interplay among genetic susceptibili-
ty alleles, the immune system and environmental factors contrib-
utes to the development of the chronic inflammatory process. The 
precise mechanism and sequence of interactions between kerati-
nocytes and immune cells are still not clear, but the clinical pheno-
type observed in psoriasis is mostly accounted for by several alter-
ations in epidermal keratinocytes, including hyperproliferation, 
abnormal differentiation and a decreased rate of apoptosis. 

With regard to this, we were interested in the interference 
between RF20-(SP-207) and cell-proliferation-directing pathways, 
particularly the Akt/mTOR (Proteinkinase B / mechanistic Target of 
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(IC50 ≈ 10 μg/mL). This effect is stronger compared to both positive 
controls LY294002 10 μM (PI3K-inhibitor, 30% inhibition) and NVP-
BEZ235 100 nM (dual PI3K/mTOR-inhibitor, 30% inhibition) and 
clearly exceeds the anti-proliferative action of quercetin 50 μM 
(20% inhibition). In addition, staining with Annexin V demonstrated 
an apoptosis inducing effect of RF20-(SP-207) (Fig. 3). Apoptosis is 
a carefully regulated process of cell death that occurs as a normal 
part of development. Inappropriately regulated apoptosis is impli-
cated in disease states, such as Alzheimer’s disease and cancer. 
Apoptosis is distinguished from necrosis, or accidental cell death, 
by characteristic morphological and biochemical changes, including 
compaction and fragmentation of the nuclear chromatin, shrinkage 
of the cytoplasm, and loss of membrane asymmetry. In normal live 
cells, phosphatidyl serine (PS) is located on the cytoplasmic surface 
of the cell membrane. However, in apoptotic cells, PS is translocat-
ed from the inner to the outer leaflet of the plasma membrane, 
thus exposing PS to the external cellular environment. The human 
anticoagulant, annexin V, is a 35–36 kDa Ca2+-dependent phospho-
lipid-binding protein that has a high affinity for PS. Annexin V la-
beled with a fluorophore or biotin can identify apoptotic cells by 
binding to PS exposed on the outer leaflet.

Conclusion and Outlook
Taken together, the polyphenol enriched fraction of Rose Oil 

Distillation Waste Water (RODW) significantly suppressed cell pro-
liferation and promoted apoptosis in HaCaT cells. Based on our data, 
we hypothesize an involvement in the Akt/mTOR signaling pathway. 
Keratinocytes play a very important role in the pathogenesis and 
development of psoriasis. Inhibiting keratinocyte proliferation and 
inducing keratinocytes apoptosis have long been considered as tar-
gets of anti-psoriatic strategies, thus RF20-(SP207) represents an 
interesting treatment option.

Figure 1 Effects of different concentrations of the polyphenol enriched 
fraction RF20-(SP-207) on cell viability compared to control (= DMEM); 

***p<0.001; N=3

Figure 2 Effects of different concentrations of the polyphenol enriched  
fraction RF20-(SP-207) on BrdU incorporation compared to control  
(= DMEM), ***p<0.001, N=3

Figure 3 Apoptotic cell-death measured by 488 annexin V conjugate 
staining in human immortalized keratinocytes (40-fold magnification).
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loss-in-weight feeder (DDW-MD2(3)-DDSR20-5 Brabender GmbH, 
Duisburg, D) and dosed into the first barrel of the twin-screw 
 extruder (ZSE 18HPE, Leistritz GmbH, Nuremberg, D).

The screws, fig. 1b, were equipped with several kneading and 
mixing elements and the extruder was run at 110 rpm, resulting in 
a throughput of 1.2 kg/h. The temperature profile along the screws 
was varied, resulting in discharge temperatures at the die from 140 
to 165 °C.

 The following operating parameters of the rotary drum 
cooler (CCR-20/12-PH, BBA Innova AG, Aarau, CH) were varied: 

Cooling of pharmaceutical
hot melts with a rotary
drum cooler
 
Extrusion is a recognized manufacturing process for solid dispersions and  
other innovative dosage forms. Especially for poorly water-soluble drug substances 
in solid excipients, hot melt extrusion has become a commonly used processing 
method. Nevertheless, the necessary cooling of the extruded melt remains  
a challenge, since the cooling rate of the melt has an impact on the final product 
quality and therefore on its shelf-life. 

B. J. Zaugg 1, W. Kircher 2, B. Joost 1
1School of Life Sciences FHNW, 2BBA Innova AG, Buchserstrasse 12, 5000 Aarau
Keywords: Hot melt extrusion, rotary drum cooler, chill roll, solid dispersion, online Raman spectroscopy

Introduction
Hot melt extrusion (HME) is gaining more and more attention 

and has become an established processing method, especially for 
dispersing poorly water-soluble drug substances in solid excipi-
ents, either in crystalline or amorphous state [1]. Although HME is 
a well-recognized manufacturing process, the influence of different 
operating parameters, both of the extruder and of the subsequent 
cooler, on the final product quality is not yet fully understood. It is 
known that cooling has an impact on the quality of the final prod-
uct and therefore on its shelf-life [2]. From the variety of possible 
cooling systems - air, inert gases, liquids or conveyor belt systems 

- a chill roll cooler was chosen and the operating parameters of the 
cooler were varied systematically. Furthermore, online information 
about the quantity of crystallized product present in the cooled 
melt is of major importance for quality recording or quality control 
during production.

This article summarizes firstly the development of an online 
measuring system to monitor the share of crystalline Paracetamol 
in an extruded Paracetamol/Eudragit blend. Therefore, the probe 
of a Raman spectroscopic system was installed directly on a rotary 
drum cooler. Product chips passing the probe were measured. A 
proof of concept was established by using differential scanning 
calorimetry (DSC) as an offline reference method. 

Secondly, the impact of different operating and geometrical 
parameters of extruder and rotary drum cooler on the crystallini-
ty of the drug substance in the final extrudate was studied. In 
particular, the operating parameters of the rotary drum cooler 
were varied systematically and their impact on the final product 
is described.

Results
Fig. 1a shows the experimental set-up. The pre-blended bulk, 

a 1:1 Paracetamol and Eudragit® E PO mixture, was fed into the 

With the described Raman spectroscopic method it was pos-
sible to study online the influence of different operating parameters 
of a rotary drum cooler on a drug substance’s crystallinity in the final 
extrudate. 

Influence of cooling conditions on crystallinity
Since the hot melt in the extruder has a certain energy con-

tent it is necessary to reduce this by cooling the melt down to am-
bient temperature. In this study the cooling took place both in the 
last barrels of the extruder (barrels 7 and 8) and on the rotary drum 
cooler: the melt was heated up to its maximum temperature in the 
6th barrel and then transported smoothly to the outlet die, lowering 
its temperature slowly (see temperature profiles in fig. 1a). Finally, 
the melt was discharged using a pressureless die without any addi-
tional heating, to flow directly on the chill roll of the drum cooler. 

It was found that if this outlet temperature is higher than a 
maximum discharge temperature threshold, the Paracetamol solid-
ifies amorphously on the cooler and if the temperature is lower 
than a minimum threshold it solidifies in a crystalline form. In a 
temperature transition range between the min. and max. thresh-
olds (here approx. 10 °C) the operating parameter set-up of the 
cooler influences the crystallinity: e.g. increasing the feeder gap 
size sg may lead to an increasing share of crystalline Paracetamol 
and increasing the chill roll temperature TCR to a decreasing share. 
The influence of the tangential velocity vt goes together with the 
throughput: The longer it takes to distribute the hot melt stream 
over the width of the chill roll, the higher the share of crystalline 
product. Furthermore it was found that the residence time of the 
melt on the chill roll determines the end temperature of the extru-
date but has a minor effect on the final crystallinity. Above or below 
the temperature thresholds either an amorphous or crystalline 
product will be produced.

Conclusion and Outlook
With the described set-up it was possible to measure the 

amount of crystalline drug substance in the final extrudate online 
during production. This novel online method was used to investi-
gate the impact of different operating parameters of a rotary drum 
cooler on the crystallinity of Paracetamol in a final extrudate. The 
results indicate that an operating space between a lower and an 
upper discharge temperature threshold exists, in which the share 
of crystalline drug substance in the extrudate can be influenced just 
by varying the operating parameters of the rotary drum cooler. 

Further optimization of the online Raman spectroscopic sys-
tem and further repeatability tests will allow validation of this novel 
set-up and provide an online technique for monitoring and con-
trolling crystallinity directly during production. 
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tangential velocity of chill roll vt (1.3 – 2.8 cm/s), chill roll tempera-
ture TCR (15 – 25 °C), and feeder gap size sg. 

The online measurements were conducted with a Raman 
spectroscopic system (RXN1-785, Kaiser Optical Systems, Inc., 
Ann Arbor MI, USA). The Raman probe was installed 50 mm above 
the conveyor belt immediately after the chill roll and the extruded 
samples were measured directly on the rotary drum cooler and 
subsequently gathered and stored at -20°C under a protective argon 
atmosphere. In this study, differential scanning calorimetry (DSC 
8000, N5340511, Perkin Elmer, Waltham, USA) was chosen to 
 determine offline the amount of crystallized Paracetamol. 

Online Raman spectroscopy
For crystalline Paracetamol a characteristic peak can be de-

tected at 1160-1180 cm-1. Fig. 2 indicates signal intensity vs. Raman 
Shift. The Software “iC Raman” Version 4.1.910.0, Kaiser Optical 
Systems Inc., was used to record the data and the heights of peaks 
were calculated with a 2-point-baseline. 

The amount of crystalline Paracetamol was determined offline 
using DSC as the reference method. The kinetic of crystallization 
was tracked by measuring the associated enthalpy changes. The 
share α [%] of crystalline Paracetamol compared to the total Para-
cetamol present in the sample was calculated accordingly.

Since crystalline Paracetamol shows a characteristic Raman 
spectrum, the signal strength of a specific peak can be correlated 
with the share of crystalline Paracetamol in a sample. Combining 
both measurements with the offline DSC measurements, it was 
possible to correlate the share of crystalline Paracetamol α in the 
final extrudate with the Raman spectroscopic signal, Fig. 3. 

Figure 1a Experimental set-up

Figure 1b Twin screw of the extruder

Figure 2 Raman spectrum of a more crystalline (blue) and a more amorpho-
us (red) sample 

Figure 3 Offline measured crystalline Paracetamol vs. online determined 
Raman signal  
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continuous flow lab-scale membrane bioreactor (MBR; Fig. 1) in 
the laboratory. The MBR was fed for 10 months with artificial 
wastewater spiked with 100 μg/L SMX to allow for enrichment of 
resistant or even SMX degrading bacterial strains. From biomass 
grown in this MBR, five strains of the genera Microbacterium, 
Achromobacter, Ralstonia and Rhodococcus were isolated and 
positively tested for their ability to partially mineralize radioactive 
labeled SMX by measuring the radioactive CO2, formed during 
their cultivation [1].

Microbacterium sp. strain BR1 was chosen for further studies 
and to evaluate the initial degradation step of SMX. It has been 
shown that Microbacterium sp. strain BR1 is not only able to de-
grade SMX, but it can even grow on it and use it as the sole source 
of carbon and energy.

Furthermore we were able to prove that a nicotinamide adine 
dinucleotide (NADH) dependent monooxygenase attacks the SMX 

Bacterial degradation of
sulfonamide antibiotics in
wastewater treatment
 
Sulfonamide antibiotics are used in human and veterinary medicine. By various 
paths they can enter the environment, yet their fate there is only poorly understood. 
Since the presence of antibiotics in the environment contributes to the formation 
and dissemination of resistance genes, scientists are investigating how to improve 
removal of sulfonamide antibiotics in waste water treatment plants.

Benjamin Ricken, Danuta Cichocka, Philippe Corvini, Boris Kolvenbach, School of Life Sciences FHNW
Keywords: Antibiotic resistance, biodegradation, waste water treatment, Microbacterium sp. strain BR1, ipso-substitution

Introduction
Sulfonamide antibiotics, due to their broad application range, 

are extensively used in human and veterinary medicine. In the 
United Kingdom and in France they are already the second most 
used class of antibiotics and worldwide more than 20'000 tons of 
sulfonamide antibiotics per year are released into the environment. 
They act on vitamin B9 synthesis, as they are competitive inhibitors 
of dihydropteroate synthetase due to their homology to 4-amino-
benzoic acid, the actual physiological substrate of this enzyme.

A model compound for investigations of fate and biodegrad-
ability in the environment of this group is the thermally and photo 
stable sulfamethoxazole (SMX). Despite numerous studies per-
formed to get further insights, degradation mechanisms are not 
understood yet and removal rates in wastewater treatment plants 
(WWTP) are highly variable. Especially for wastewater treatment 
plants, suggested to be hot spots for the formation and spread 
of sul fon  amide resistant genes, further research has to be done 
to un der stand sulfonamide removal and to increase the rates at 
which this proceeds. Tertiary wastewater treatment processes, 
e.g. ozon ation or photo-fenton techniques, in addition to special 
equipment, require supplementation of chemicals or are energy- 
inten sive. The removal of sulfonamides by enhanced biodegradation 
would therefore be a more convenient and environment friendly 
alternative. This study focused on the isolation of bacterial strains 
capable of degrading sulfonamides, for a better understanding 
of the underlying process and on seeking to improve biological treat-
ment processes with regard to their sulfonamide removal activity.

Results
To the best of our knowledge, we were the first group to iso-

late bacterial strains which partially mineralize SMX into CO2. Those 
strains originate from the WWTP Birsfelden (ARA Birs). Activated 
sludge from the biological treatment basin was inoculated in a 

tabolites remain in the medium [5]. However, it has been shown 
that this biodegradation abolishes the initial antibiotic properties of 
SMX. The sulfur dioxide formed will be further oxidized in aqueous 
solutions and can be assimilated by microorganisms, whereas 
4-benzoquinone imine will be completely metabolized by Microbac-
terium sp. strain BR1 itself.

The specific degradation mechanism, the so-called ipso -sub-
stitution, has already been observed during the degradation of bi-
sphenol A and other alkylphenols by Sphingomonas sp. strain 
TTNP3, which has also been extensively investigated at our insti-
tute [3]. This reaction mechanism appears to be the driving force 
behind the biodegradation of numerous xenobiotics, although it 
has rarely been identified as such [4].

A better understanding of the sulfonamide degradation mech-
anism and the cultivation conditions of sulfonamide degrading bac-
teria might allow the removal of sulfonamide compounds during 
the wastewater treatment process.

Further research on the downstream pathway of 4-benzoqui-
none imine is ongoing to identify possible toxic intermediates, as 
these might decrease the efficiency of Microbacterium sp. strain 
BR1 during the degradation process. New insights can be gained 
into the biochemical properties of these enzymes and the potential 
degradation of further sulfonamides, e.g. for the treatment of con-
taminated wastewater. It is also of great interest to find biomarkers 
which may be linked to sulfonamide degradation and to understand 
the reasons for limitations in the degradation capacities of some 
wastewater treatment plants as compared to others.
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molecule (Fig. 2a) at the aniline moiety. This leads to an electron 
rearrangement within the aromatic ring (Fig. 2b) and finally the frag-
mentation of the SMX molecule to 4-benzoquinone imine (Fig. 2c), 
sulfur dioxide (Fig. 2d) and 3-amino-5-methylisoxazole (Fig. 2e) [2]. 
By incubation of crude cell extracts of Microbacterium sp. strain 
BR1 with SMX and the cofactor NADH under an atmosphere with 
light oxygen (16O2) and heavy oxygen (18O2), respectively, we 
could show that molecular oxygen is introduced to the molecule, 
as opposed to oxygen derived from water. This could be seen as a 
mass shift of +2 atomic mass units for intermediates formed in the 
heavy oxygen atmosphere.

Due to its structural relation to 4-aminobenzoic acid the aniline 
moiety is the structural constant in nearly all medically applied sul-
fonamide antibiotics. The attack of the monooxygenase at this moi-
ety led us to assume that sulfonamides structurally related to SMX 
might, too, be degraded by Microbacterium sp. strain BR1. Of four 
other antibiotics currently used in human and veterinary medicine 
(sulfadiazine, sulfamethizole, sulfadimethoxine and sulfamethazine) 
tested for their biodegradability, all were completely degraded by 
Microbacterium sp. strain BR1. As had already been seen for 3-ami-
no-5-methylisoxazole in the case of SMX, the heterocyclic moieties 
of each molecule remained in the medium as stable metabolites. 
Even the sulfonamide herbicide asulam, which bears a methylcar-
bamate moiety instead of a heterocycle attached to the sulfonamide 
group, was biodegraded (see figure 3).

Conclusion and Outlook
It was possible to isolate bacteria capable of degrading sulfon-

amide antibiotics which are frequently detected in WWTP, posing 
the risk of the formation and propagation of antibiotic resistance 
genes in bacteria. 

The degradation of sulfonamides by Microbacterium sp. 
strain BR1 does not result in the ultimate biodegradation of the 
parent compound, i.e. the transformation to either fully oxidized or 
reduced simple molecules (CO2, H2O, etc.) as the heterocyclic me-

Figure 1 MBR with activated sludge from ARA Birs

Figure 2 Proposed initial SMX attack leading to ipso-substitution

Figure 3 Applications of tested sulfonamides
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DOC influence on the membrane and hybrid membrane process 
performance is available. Therefore, within this study three differ-
ent pre-treatment technologies and their influence on the DOC 
profile of a high DOC CTBD were investigated. 

The influence of ultrafiltration (UF), powdered activated car-
bon (PAC) adsorption and coagulation with FeCl3 on DOC removal 
was studied. The study was carried out to investigate suitable 
treatment schemes for CTBD re-use and the contribution of DOC 
removal towards reduced fouling development.  

Improving desalination
by DOC removal 
for industrial wastewater 
reuse
 
Water scarcity is a challenge in many regions of the world, endangering human 
development and health. This work describes efforts to identify an economi- 
cally feasible process combination for the reuse of an industrial wastewater stream  
are described. The results contribute to the search for a secure and sustainable 
water supply for industrial use. 

J. Löwenberg, T. Wintgens
Keywords: Industrial Wastewater treatment, Desalination, Powdered Activated Carbon, Water reuse, Reverse osmosis

Introduction
Several regions of the world suffer from severe water scarcity 

with traditional fresh water sources diminishing e.g. due to over- 
exploitation or salt water intrusion in coastal areas. In certain 
regions high industrial activity demands a large amount of fresh 
water which increases the demand for alternative solutions for 
fresh water supply. Large water consumers are cooling towers 
(CT), which discharge large volumes of wastewater in the form of 
cooling tower blow down (CTBD). It has been reported that 60% - 
70% of industrial fresh water demand is used in CT. Large water 
demand and the large volume of discharged wastewater by CT 
 allows for water saving potential in industrial processes through 
CTBD re-use [1].

Wastewater from cooling towers contains considerable 
amounts of particles, colloids, salts and chemical additives [3]. The 
amount of salts in the CTBD demands a desalination process prior 
to its reuse. State-of-the-art desalination technologies are mem-
brane based and include reverse osmosis (RO) or nanofiltration 
(NF) [2]. These processes are sensitive to fouling, a phenomenon 
which describes water constituents depositing on the membrane, 
increasing the energy demand necessary for treating the water. In 
order to reduce the impact of fouling on a membrane – based de-
salination process, water constituents which are mainly responsible 
for this phenomenon are typically removed prior to the desalina-
tion step. Processes used to remove these water constituents 
prior to desalination are called pre-treatment technologies and often 
target the removal of total suspended solids (TSS), dissolved or-
ganic matter (DOC) or nutrients such as phosphates .

Due to the addition of several chemicals such as anti-scalants, 
corrosion inhibitors and bio-dispersants to the cooling water [1], 
the chemical composition of CTBD is different from other typical 
water sources. While several studies investigated the feasibility of 
membrane processes for the re-use of CTBD, little information on 

While coagulation appeared challenging in the specific water 
matrix (potentially caused by chemical additives present in the 
stream) PAC adsorption seemed to have removed substances from 
the CTBD which readily caused fouling on the RO membrane. 

Since there are several chemical additives present in the 
CTBD, additional experiments were carried out to identify which 
chemicals tend to adsorb to PAC and are therefore candidates for 
the RO fouling decrease after PAC/UF treatment. It was found that 
a bio-dispersant which is present in the CTBD at concentrations of 
4 mg/L adsorbs more readily to PAC than any other DOC group 
present in the water. 

When another 20 mg/L of the substance was added to the 
stream, PAC became more efficient at adsorbing DOC especially in 
the weight range of the substance. Specific adsorption was in-
creased from 0.15 mg DOC/mg PAC to over 0.27 mg DOC/mg PAC, 
identifying the substance as very hydrophobic and indicating its 
strong influence on RO fouling. 

The results obtained in this study contributed to the design 
and construction of a pilot scale pre-treatment process at the indus-
trial site (Terneuzen, The Netherlands), where further performance 
optimization is currently being investigated.

Conclusion and Outlook
–  Coagulation with ferric chloride was most suitable for 

reducing the DOC in the CTBD with complete removal of 
biopolymers (sugars and proteins), which are larger organic 
molecules, often responsible for membrane fouling.

–  The combination of PAC adsorption and ultrafiltration was the 
most suitable process combination to improve desalination 
performance under the experimental conditions with the least 
fouling development over 5 days. 

–  The presence of certain chemical additives in the CTBD, 
which readily adsorb on activated carbon, are believed to be 
the main reason for the strong beneficial effect of PAC 
adsorption on membrane desalination.

–  Chemical additives in CTBD waters may have a significant 
influence on the most suitable treatment stream and their 
effect needs to be studied for each case in order to select and 
design a suitable and cost efficient treatment.
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Investigations into DOC removal by different pre-treatment 
technologies were carried out in batch experiments. The direct 
influence of these pre-treatment technologies on an RO desalina-
tion process was investigated in continuous operation over 5 days 
and by investigation of the RO performance decline over time and  
fouling developing during the treatment.

Most relevant operating conditions and characteristics of the 
membrane processes are given in Fig. 1.

Results
Batch experiments with different pre-treatment technologies 

have shown that coagulation with FeCl3 in combination with ultra-
filtration is most suitable for DOC removal from the CTBD, as it al-
most completely removed biopolymers (proteins and sugars, often 
responsible for membrane fouling) and large amounts of humic 
substances (Fig. 2, right). Ultrafiltration did not remove any DOC 

since the substances that make up the DOC proved to be too small 
to be retained by the ultrafiltration and passed through its pores. 
However, UF was capable of removing all TSS from the water. With 
PAC adsorption, mainly organic substances with a small molecular 
weight (300-500 Dalton) were adsorbed (Fig. 2, left). The efficiency 
of PAC adsorption depends on various factors, amongst which are 
target compound molecular weight and hydrophobicity. The prefer-
able adsorption of organic substances in the molecular weight 
range of LMW acids (Fig. 2, left: retention time 55 min) indicated 
the presence of a substance which is very hydrophobic in compar-
ison to other organic molecules in the water. 

The investigation of RO performance after different pre-treat-
ment options revealed PAC/UF treatment to have the strongest 
beneficial effect on RO normalized flux decline (Fig. 3). While coag-
ulation removed the highest amount of DOC from the CTBD, resid-
ual iron Fe3+./UF pre-treatment resulted in an increased normalized 
flux decline similar to that experienced on untreated CTBD (data 
not shown). ICP-MS measurement showed high amounts of iron in 
the fouling layer after coagulation pre-treatment, indicating residual 
iron passing the UF membrane.

Figure 1 Operating conditions of membrane processes

Figure 2 DOC removal by different pre-treatment technologies (left: PAC; 
right: coagulation)

Figure 3 Comparison of normalized flux decline of raw PAC/UF treated CTBD

Figure 4 Preferred adsorption of chemical additive in CTBD matrix CTBD
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liquor gain a lower overall phosphorus yield due to the low con-
tent of dissolved phosphorus in the liquor. Within the project the 
addition of brine to reach a higher phosphorus content in sludge 
liquor is examined. It has been shown before that a high salinity 
has an impact on sludge cells, especially on phosphorus accumu-
lating organisms [3]. These cells are very sensitive to osmotic 
shock, dying or becoming dormant [4]. As a consequence phos-
phorus is released from the cells. This results in an increased 
phosphorus content in the sludge liquor after centrifugation. Fur-
thermore a shift in the osmotic pressure is created by high salinity, 
which enhances dewaterability [5]. 

Innovative phosphorus 
recovery strategies 
 
In 2014 phosphorus was added to the list of Critical Raw Materials presented  
by the European Union. This situation makes it more and more important to develop 
recycling schemes for phosphorus. An interesting approach is phosphorus recycling 
from sewage sludge. Within this project new recovery strategies are being developed 
to contribute to more sustainable phosphorus management. 

Kirsten Remmen, Jan Stemann, Claudia Niewersch, Thérèse Schütte, Thomas Wintgens, School of Life Sciences FHNW
Keywords: Phosphorus recovery, salinity, nanofiltration, spent acids, sewage sludge

Introduction
Phosphorus plays an essential role as a nutrient for all living 

organisms. Fertilizers containing phosphorus are required for inten-
sive agriculture. Therefore the availability of phosphorus is a limiting 
factor for the world’s food supply. In general phosphorus reserves 
are scarce, contaminated with heavy metals and located outside 
Europe. As a consequence, there is an increasing tendency towards 
more sustainable phosphorus management by closing phosphorus 
cycles. A promising secondary phosphorus source is waste water [1, 
2]. In this project, carried out by the Universities of Bourgas, Sofia 
and FHNW, synergies are to be discovered, especially for phos-
phorus recovery in Bulgaria. Technological innovations, including 
process chains for P-recovery specifically adapted to Bulgarian cir-
cumstances utilizing relevant waste streams, will be delivered. In 
Fig. 1 the set-up of the project can be seen. The experimental work 
consists of four work areas, which include: sludge disintegration, 
heavy metal separation, struvite precipitations and seawater con-
centration. In addition to these experimental studies, the phospho-
rus flows in five Bulgarian waste water treatment plants (WWTPs) 
are being monitored for one year.

Several full scale plants recovering phosphorus from sewage 
sludge or sludge liquor are currently operating. In both cases mag-
nesium ammonium phosphate (MAP) is precipitated as a product [1]. 

In order to achieve a higher phosphorus yield, digested 
sludge is leached with sulphuric acid. This leads to a higher P re-
covery rate but also to a high acid demand. As well as phosphorus, 
heavy metals also dissolve in the leaching process; these have to 
be separated from the phosphorus. A promising purification 
method is nanofiltration, which is further examined in the project 
[1]. Within the project the potential of spent acids is compared to 
the use of conventional mineral acids. Their effects on phospho-
rus recovery are examined and evaluated.

The processes which recover phosphorus from the sludge 

Fig. 3 shows the example results for the membrane DL at a 
permeate recovery of 0%. In general heavy metals were effective-
ly separated from phosphorus. Besides heavy metal separation, 
nanofiltration also successfully removed the organic contaminants 
from the organically polluted spent acid. The shapes of the curves 
for the different membranes were similar with regard to the trans-
membrane pressure: the retentions increase with increasing 
TMP while the separating effect, the difference in retention be-
tween the phosphorus and divalent metals, is best at lowest TMP. 
On the other hand the permeate flux increases almost linearly with 
TMP. Hence, in an industrial application, high TMP will lead to a 
lower required membrane area to achieve the desired throughput 
and thus lower investment and membrane replacement costs.

Conclusion and Outlook
It was shown that high salinity can increase the phosphorus 

content in the liquid phase of sewage sludge but it also depends 
on the sludge type. Especially in regions where high osmotic salt 
solutions are extensively available, such as the Black Sea area in 
Bulgaria, or regions where desalination processes are installed, 
this may be very relevant. It was confirmed that separation of 
heavy metals from phosphorus can be effectively achieved by 
nanofiltration. Applying waste acids to recover phosphorus seems 
to be an interesting niche technique, which in special cases can 
lead to more sustainable processes. However, the influence on 
the process and final product depends strongly on the available 
spent acid.
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Results
Samples of waste activated sludge were taken from three 

WWTPs (Birs, Switzerland: chemical P precipitation, dry matter 
content 6 %, total P content on wet basis 470 mg/kg; Burgas, Bul-
garia: chemical P precipitation, dry matter content 7 %, total P con-
tent on wet basis 170 mg/kg; Pomorie, Bulgaria: no P elimination, 
dry matter content 7 %, total P content on wet basis 470 mg/kg). 
Directly after sampling, different sodium chloride concentrations 
were added to the sludge. After stirring for 24 hours the sludge was 
centrifuged and the supernatant was analyzed by ICP-MS. 

The phosphorus concentrations in the supernatants are 
shown in Fig. 2. The initial phosphorus concentrations of the super-
natants were almost equal. At 12 % sodium chloride concentration 
the dissolved phosphorus concentration in sewage sludge from 
WWTP Birs increased 10 fold to 25 mg/L. But unlike the sludge 
from the Birs, the effect of the added sodium chloride is not as 
clear for Burgas and Pomoire. Here the dissolved P concentration 
increased approximately twofold at 7% sodium chloride but there-
after at a concentration of 12% of sodium chloride it decreased 
again. In the next step waste activated sludge from the WWTP 
Birs was treated with brine from the Black Sea in Bulgaria as a 
source for high salinity. In samples treated with brine, a higher 
concentration of phosphorus was measured in the supernatant 
than in samples that were treated with pure sodium chloride. For 
Burgas and Pomorie, however, contrary effects were also ob-
served. The reasons for the different phosphorus solubilities are 
still under discussion. 

Another promising means for P dissolution is leaching with 
spent acids. Spent acids from Bulgaria, Germany and Switzerland 
were used to leach digested sludge from WWTP Birs. No differ-
ence in the phosphorus concentration in the liquid phase was ob-
served compared to the trials with pure sulphuric acid. The same 
amount of phosphorus, metals and heavy metals were dissolved 
in the liquid phase after 2 h but in one case a higher total organic 
carbon content (TOC) was observed originating from organically 
polluted spent acid. 

If P is dissolved by acids, subsequent iron, aluminium and 
heavy metal separation is required, which can be achieved by 
nanofiltration. For nanofiltration experiments, four promising mem-
branes were chosen based on their efficiency for heavy metal, iron 
and aluminium separation. For all membranes the retentions for 
the different elements were quantified as a function of the trans-
membrane pressure (TMP) at 0 and 50 % of permeate recovery. 
Sample make-up consisted of leaching of sludge from WWTP Birs 
with sulphuric acid, centrifugation and subsequent ultrafiltration 
before the final nanofiltration step. The liquid samples were ana-
lyzed by ICP-OES.Figure 1 Flow chart of the processes under investigation in the project

Figure 2 Comparison of the phosphorus content in the supernatant of 
waste activated sludge from WWTP Birs, Burgas and Pomorie as a function 
of NaCl.

Figure 3 Retentions and permeate flux as function of the TMP measured 
for the membrane DL at 0% permeate recovery.
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with membrane separation. The incoming wastewater is mixed 
with the anaerobic biomass in a bioreactor, where the organic pol-
lution from the wastewater is removed and converted to biogas. 
Subsequently the mixed liquor proceeds to the filtration step, 
where the treated water passes through the membrane pores, 
whereas the active biomass is retained in the system and returned 
back to the reactor. The membrane filtration guarantees a reliable 
retention of all solids and thus a high effluent quality. Besides, it 
allows operation of the treatment system at a higher hydraulic rate 
(flow per reactor volume).

Within the framework of this project a pilot-scale AnMBR 
was operated for over one year. The AnMBR had a bioreactor 
with 50 L volume operated at mesophilic temperature and the fil-
tration was facilitated by externally placed tubular ceramic ultrafil-
tration membranes. The average pore size of the membrane is 
below 0.1 μm (Fig. 1). Different substrates and operational modes 
were tested in order to evaluate the anaerobic treatability of the 
wastewaters, determine optimum operational conditions and pro-
vide information on whether a full-scale anaerobic treatment is 
feasible. 

Results
The pilot experiment was divided into several operational 

phases with different wastewater quality and organic loading of the 
reactor. Since the incoming wastewater is characterized by high 
variability in quality, some phases were carried out with one batch 
of wastewater stored in a container and used for several weeks, in 
order to run the pilot plant under homogeneous conditions.

In some operational phases a mixture of waste solvents aris-
ing from Roche production processes was added to the wastewa-
ter. The waste solvents contained predominantly well degradable 
alcohols, esters and organic acids, hence anaerobic digestion 
could be an efficient way for their disposal, replacing the current 

Treatment of pharmaceuti-
cal wastewater and biogas
production in an anaero-
bic membrane bioreactor
 
The goal of modern waste management is not only to minimize its impact on the environment,  
but also to facilitate the reuse of resources and to capture the energy content. The use of  
anaerobic biological processes allows the conversion of organic matter into biogas for energy use. 
The technology of an anaerobic membrane bioreactor (AnMBR) combines anaerobic treat - 
ment with membrane filtration, leading to reliable separation of biomass from the treated water 
and to high effluent quality.

Jan Svojitka, Thomas Wintgens
Keywords: Wastewater treatment, Biogas, Anaerobic membrane bioreactor

Introduction
Anaerobic biological treatment of wastewaters offers several 

advantages over aerobic treatment, e.g., biogas production which 
can be used for energy generation, low energy demand as aera-
tion is not needed or low production of surplus sludge. Despite 
this, aerobic biological processes are more widely used for the 
treatment of municipal and many industrial wastewaters, because 
they provide easier retention of active biomass inside the reactor 
and thus lower residual pollution in the effluent [1, 2, 3]. 

Within this project, treatment of industrial wastewater from 
the chemical and pharmaceutical production of F.Hoffmann-La 
Roche Ltd, Basel, which to date undergoes traditional aerobic 
treatment, was tested in an AnMBR. The principle of the relatively 
new AnMBR technology is the combination of anaerobic digestion 

 stabilization of the biomass the TMP stabilized below 1 bar. No ef-
fect of suspended solids concentration in the reactor was observed 
on the membrane permeability. 

Conclusion and Outlook
The pilot operation proved that the AnMBR can provide treat-

ment of the tested wastewater and can convert a large fraction of 
the energy carried by the organic pollutants into biogas. When op-
erated under high organic loading with influent stabilized by the 
addition of external substrate (methanol) the AnMBR reached a 
high removal efficiency of over 90% COD. However, operation with 
less concentrated wastewater leads to variable and generally lower 
removal efficiency. The co-treatment of waste organic solvents 
failed, presumably due to the presence of inhibitory substances in 
the mix. In the coming months the still running pilot AnMBR will 
focus on operation at a higher wastewater flow rate in order to 
reach higher volumetric efficiency.
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practice of incineration. Another objective of the addition was to 
increase the organic loading of the reactor.

For a certain time, a solution of pure methanol (which is a 
major component of the above waste solvents) was added to the 
influent wastewater in order to increase the organic loading of the 
reactor in a controlled way without the negative influence of the 
waste solvents (inhibitory effects and variation in quality).

The key parameter for the evaluation of the AnMBR perfor-
mance was the measurement of organic load in the influent and 
effluent, expressed as chemical oxygen demand (COD). This sum 
parameter enables simple routine measurements of the liquid sam-
ples and the creation of a mass balance of organic material for the 
whole bioreactor including the biogas stream. 

Other monitored parameters included biogas production rate 
and its methane content, lab-scale tests of methanogenic activity 
(Figure 2) as well as fluorescent in-situ hybridization (FISH) analysis 
for the monitoring of organisms in the biomass. Since the mem-
brane separation of biomass from treated water is an integral part 
of the AnMBR process with a substantial influence on process 
costs, the filtration performance of the built-in ceramic membranes 
was monitored as well.

When the incoming industrial wastewater was continuously 
pumped into the AnMBR, the highly variable wastewater composi-
tion resulted in similarly variable COD removal efficiency. The best 
results were achieved with influent containing a high organic load 
>5 g/L COD.

In the next phase of operation the organic load of the waste-
water was increased by the addition of waste solvents. However, a 
negative effect on the reactor performance was observed and the 
FISH analysis, which allows the monitoring of microbial groups in 
the biomass, revealed changes in the methanogenic population. 

The goal of the final phase was to investigate the operation of 
the bioreactor under high organic loading. Methanol was added to 
the influent to increase its COD concentration. It was proven that 
under these conditions – if the load is not increased too quickly – 
the anaerobic digestion in the AnMBR works reliably and with high 
efficiency of >90%. 

After the bioreactor operation under high organic loading was 
stabilized, waste solvents were added to the AnMBR influent again. 
Nevertheless instability of reactor performance was still observed.

The amount of biogas produced correlated well with the or-
ganic load of the bioreactor in all operational phases. The membrane 
performance was evaluated based on the pressure needed for the 
filtration of desired flow of treated water, the trans-membrane 
pressure (TMP). Rapid fouling of the membrane was observed in 
the transition phase directly after the inoculation; however, after Figure 1 The AnMBR pilot plant

Figure 2 The apparatus for the assessment of microbial activity
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Project aim
The overall aim of the IPTOSS project is to develop an ener-

gy-efficient and simple fractionation process that produces high 
purity streams of polysaccharides, phenolics, proteins and lipids 
for further use in the production of fuels, polymers, chemicals and 
other materials. To that end new enzyme digestion and extraction 
processes were developed. An overview of the envisioned pro-
cess scheme is given in Fig. 1.

As the first step different pretreatment and isolation meth-
ods were evaluated. Milling was considered in order to increase 
the accessible surface and to further enhance the hydrolysis yield 
for carbohydrates, as well as extraction with supercritical fluids to 

Innovations in the 
use of organic waste: 
a study with brewer's
spent grain
 
This study aims to make full use of organic side streams and waste from industrial  
processes. As a side stream case study novel technologies are applied to valorize  
brewer´s spent grain (BSG), the main by-product of the brewing industry. BSG is fraction- 
ated into different components i.e. proteins, carbohydrates, lipids and lignin.  
Afterwards, processes for the valorization of these components will be developed.

Melanie Mucha, Christoph Gasser, Philippe Corvini, School of Life Sciences FHNW
Keywords: Brewer's spent grain, enzyme immobilization, enzymatic treatment, organic waste, membrane technology

Introduction
Recently, with the acceleration of the depletion of natural 

non-renewable resources, the interest in green technologies has 
grown significantly. As a consequence, the development of novel 
technologies making full use of organics resulting from industrial 
side streams and wastes from sectors such as agriculture, forestry 
and food production is increasingly attracting attention in terms of 
resource efficiency. Several technologies have already been es-
tablished to valorize industrial by-products e.g. bioethanol and bio-
gas production. In the project described, BSG, the main by-prod-
uct from the brewing industry, is used for a side stream case study. 
The IPTOSS project brings together Swiss and Finnish expertise in 
terms of biomass valorization and fractionation.

BSG – Is it worth a try?
BSG represents the insoluble residue that is separated be-

tween mashing and fermentation in a brewing process and is rich 
in proteins, cellulose, hemicellulose, lipids and lignin. With a world-
wide annual production of 30 million tons, BSG is available in eco-
nomically interesting amounts. Currently it is used as animal feed, 
composted or disposed of to landfill and has been investigated as 
feedstock for ethanol production [1]. Applications of BSG as a ni-
trogen and energy source for microorganism cultivation or enzyme 
production as well as an absorbent for volatile organic compounds 
from waste gases have also been reported [2]. Due to the complex 
mixture of biomolecules contained in BSG, its exploitation as a 
reusable resource is challenging. Both chemical and mechanical 
approaches are currently being studied to fractionate it into sugars, 
proteins and lignin. Research has mostly focused on valorizing cel-
lulosic material so far. However, lignin derived components, e.g. 
phenolic mono- or oligomers, have the potential to add further val-
ue to BSG and could be of great economic potential.

Conclusion and Outlook
Successful hydrolysis and separation of polysaccharides from 

BSG components was achieved by applying different preprocess-
ing methods and enzymatic treatments. Furthermore, proteins 
could be separated efficiently by means of nanofiltration. Results 
obtained so far indicate that considerable amounts of low molecu-
lar weight phenolics are already present in the lignin fraction and 
point to the fact that their separation prior to further treatment 
might be worthwhile.

The selectivity of the separation by means of nanofiltration 
has to be improved. Further efforts will also be made in generating 
appropriate and precise novel methods of analyzing resulting prod-
ucts from enzymatic treatment. Finally the biocatalytic treatment of 
the lignin rich fraction after separation of low molecular weight 
compounds has to be developed further.
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extract lipids and other compounds which are soluble in organic 
solvents. 

In a second step BSG was exposed to a sequential enzymat-
ic treatment for the release of sugars and phenolics. In this context 
efforts were made to ensure the maximum release of mono- and 
oligosaccharides from the material by sequentially developing an 
optimal enzyme mixture, referred to as multi-enzymatic approach 
sugar (MEA-S) and multi-enzymatic approach phenolics (MEA-P) 
(Fig. 1). While removing sugars, the protein content of the residue 
increases and proteins can be further modified enzymatically in 
order to improve their characteristics for use in the food or feed 
industry. Additionally different lignin modifying enzymes (LME) 
are (co-)immobilized on nanostructured materials for application to 
membrane filtration systems or directly immobilized on mem-
branes. Lignin containing fraction is treated in these reactors, 
where the depolymerization products (e.g. oligomers and phenols) 
are released within the permeate and thus partially purified. Such 
a two-component process enables a simultaneous biocatalysis 
while the product is concentrated, purified and removed within 
the permeate and the catalyst (free or immobilized) is retained in 
the reactor. Thereby, process costs can be reduced and inhibitory 
reactions e.g. repolymerization of oligomers and phenol radicals 
which result from the process, can be prevented. At the end of the 
project a technical and economic assessment of the process will 
be conducted and possibilities for valorization of end products will 
be identified and evaluated. 

Results
First applications of pretreatment methods such as milling led 

to high hydrolysis yields for carbohydrates [3]. By decreasing the 
particle size of the BSG fraction, and therefore increasing the ac-
cessible surface for enzymes, the solubility of carbohydrates could 
be enhanced. Supercritical fluid extraction revealed large amounts 
of lipophilic compounds such as free and esterified common fatty 
acids, which were saturated and unsaturated, as well as small 
amounts of sterols. Treatments with alkaline protease after carbo-
hydrate digestion led to the improvement of BSG protein solubili-
zation. Residual proteins could be efficiently removed from the 
lignin rich fraction of BSG by means of nanofiltration with 
self-manufactured filtration cells equipped with ceramic mem-
branes with adapted cut-offs. Preliminary experiments with different 
LME systems in organic (co-)solvents showed considerable chang-
es in the molecular weight distribution of the lignin rich fraction 
determined by size exclusion chromatography (SEC), but also indi-
cated lignin polymerization through enzymatic treatment (Fig. 2). 
The SEC chromatogram of the enzyme free control shows that ap-
preciable amounts of low molecular weight compounds are already 
present in BSG visible in the monomeric peak (the average molec-
ular weight was determined with different molecular weight stan-
dards, retention volumes are shown as gray dashed lines: I, 
guaiacol, Mw 124; II, isovanillin, Mw 152; III, baiacalein-7-methyl 
ether, 284; IV, riboflavin, Mw 376; V, tannic acid, Mw 1701; VI, 
poly(4-vinylphenol), Mw ~11’000, VII poly(4-vinylphenol), Mw 
~25’000). The results suggest that these compounds are oxidized 
by the LME, resulting in their polymerization. Consequently, the 
separation of these compounds prior to enzymatic treatment is cur-
rently being considered. Several LME of interest, i.e. laccases and 
high redox potential peroxidases could be successfully immobilized 
on fumed silica as well as magnetite nanoparticles, applying an im-
mobilization method developed at the FHNW [4]. The use of mag-
netic biocatalysts will lead to the efficient separation of the en-
zymes from the insoluble residues after treatment and facilitate 
their recycling.

Figure 1 Schematic overview of the project

Figure 2 molecular weight distribution of enzymatically treated lignin rich 
fraction from BSG (black) and an enzyme free control (grey). 
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condition in heavy clay soil (T1/2 65–93 days)[3]. Meanwhile, the 
majority of the radioactivity (60.8 ± 3.0%) was bound to the soil in 
the form of non-extractable residues (bound residues) (Figure 1A). 
A significant amount of 14CO2 (11.5 ± 0.4 %) was detected in the 
unplanted soil during the incubation (Fig. 1B).  

The presence of reed seedlings accelerated the degrada-
tion of TBBPA with a T1/2 of only 11.4 ± 0.4 days in the planted soil  
(Fig. 1A). TBBPA was completely dissipated in the soil by day 48. 
The fast dissipation of TBBPA may be attributed to the high activity 
of rhizosphere microbial community. Bound residues of TBBPA me-
tabolites were significantly reduced in the presence of reed seed-
lings, accounting only for 40.0 ± 5.8% of the total radioactivity (Fig-
ure 1B). Since bound residues formed under anoxic conditions can 
be released concomitantly to changes of redox potential [2], the 
lower bound residues may be due to the accumulation of TBBPA in 
the plants and/or the release of bound residues by the growth of 
plant roots creating oxic microsites in the rhizosphere. The mineral-
ization of TBBPA in the presence of reeds was lower than in the 
unplanted soil, accounting for approximately 5% of the total radio-
activity (Fig. 1C). This fact may be attributed to i) alteration of TBBPA 
metabolism in the soil, ii) uptake of TBBPA residues by plants, and 
iii) re-assimilation of microbially produced 14CO2 via photosynthesis. 
Reed seedlings showed high accumulation of TBBPA and its me-
tabolites accounting for 33.1 ± 10.5% of the total radioactivity at 
the end of the incubation (Fig. 2). 14C radio-imaging of the plants 
showed that most of the radioactivity accumulated in the plants 
was localized in the roots during the incubation. At the end of the 
experiment, 28.1 ± 5.9% of the initial radioactivity was recovered 
in the roots, while the above-ground parts only accounted for 5.0 ± 
1.5% (Fig. 2). 

Soil extracts were analyzed by HPLC to detect possible me-
tabolites. Metabolites were detected in extract of planted soil after 
10 days of incubation and the maximum amount was reached at 

Stimulated degradation 
of the brominated flame
retardant tetrabromo-
bisphenol-A in soil by the
wetland reed plant
 
Wetlands are efficient at removing organic pollutants. This study demonstrated by  
means of 14C-radioactive tracer that the wetland common reed (Phragmites australis)  
strongly enhances the dissipation of the most widely used brominated flame retardant  
tetrabromobisphenol A (TBBPA) in submerged soil by stimulating TBBPA degradation  
and accumulating TBBPA residues in plant tissues.

Feifei Sun, Boris Alexander Kolvenbach, Peter Nastold, Bingqi Jiang, Rong Ji, Philippe Francois-Xavier Corvini, School of Life Sciences FHNW
Keywords: Tetrabromobisphenol A, metabolism, aerobic, anaerobic, plant uptake

Introduction
Tetrabromobisphenol A (TBBPA) is one of the most widely 

used brominated flame retardants in the world. TBBPA is a poten-
tial endocrine disrupter and may cause oxidative stress in organ-
isms [1]. Once released into the environment, TBBPA undergoes 
sequential debromination in anoxic conditions to Bisphenol A 
(BPA), which is rapidly degraded in oxic environment [2]. In this 
project we hypothesized that submerged soil with anoxic–oxic lay-
ers may constitute a favorable environment for TBBPA degrada-
tion. In addition, rhizosphere of wetland plants was proven to have 
a beneficial effect on the degradation of pollutants by supplying O2 
and root exudates to the soil microorganisms, forming oxic zones 
around roots and supplying organic carbon for microbial growth. 
However, the fate of TBBPA in flooded soil is unknown, and the 
effect of wetland plants on the degradation and metabolism of 
TBBPA in flooded soil is poorly documented.

In this Sino-Swiss project, the effects of the wetland com-
mon reed (Phragmites australis) were studied in a flow-through 
incubation system in a growth chamber with controlled light and 
temperature mimicking field conditions. Radioactive labeled TBB-
PA (14C-TBBPA) was used to quantitatively determine the mineral-
ization, degradation kinetics, metabolism and bound-residue for-
mation of TBBPA in the complex soil-water-plant environment as 
well as the accumulation of TBBPA and its metabolites in the plant 
tissues

Results
The results showed that submerged soil provides a favorable 

environmental niche for the rapid degradation of TBBPA. More than 
90% TBBPA was removed from the soil at the end of the 66-day 
incubation. The half-life (T1/2) of TBBPA in submerged soil was 20.9 
± 0.1 days, which was faster than the reported dissipation of TBBPA 
under anoxic condition in rice paddy soil (T1/2 36 days) [2], and oxic 

were probably more readily taken up by plants [5], which may ex-
plain the high accumulation of radioactivity in the reed seedlings.

Conclusion and Outlook
The results achieved here demonstrated that submerged soils, 

such as wetland soil and paddy rice fields, provide a suitable envi-
ronment for a rapid elimination of TBBPA. The complex metabolic 
pattern of TBBPA in the soil shows that anaerobic and aerobic deg-
radation of TBBPA took place simultaneously. Since O-methylated 
metabolites are more lipophilic and persistent in the soil than TBB-
PA, potential risks to the environment and to human health remain 
to be assessed.

The accelerated degradation of TBBPA associated with the 
reduced amount of bound-residues in planted soil point to the po-
tential of wetland reeds in the remediation of TBBPA-contaminated 
soils (Fig. 3). However, the high amounts of 14C accumulated in the 
plant necessitate thorough study to assign chemical structures of 
the accumulated species as well as risk assessment.
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can stimulate TBBPA removal in submerged soil and suggests the application 
of reeds to clean soils contaminated with TBBPA and possibly other  
halogenated organic pollutants.

day 22 (49.1 ± 6.4% of initial 14C), while in unplanted soil about 10.0 
± 0.8% of the initial 14C-TBBPA was transformed to extractable 
meta bolites at day 35. This rapid formation of metabolites in the 
reed soil was in agreement with the stimulated biodegradation of 
TBBPA by the reed seedlings. 

The metabolites contained in the soil extracts at the end of 
incubation (66 days) were further analyzed by GC-MS and 13 me-
tabolites were identified in the two soils. These metabolites were 
mainly anaerobic debromination products (tri-BBPA, bi-BBPA, mo-
no-BBPA and BPA), various aerobic O-methylation products 
(MeO-triBBPA, diMeO-triBBPA, MeO-TBBPA and diMeO-TBBPA) 
and compounds with a single benzene ring. The reed seedlings 
stimulated anaerobic reduction of TBBPA and O-methylation of 
TBBPA and its reduced metabolites (bromoBPAs), which became 
dominant at the end of the incubation, accounting for 11.3 ± 2.1% 
of the TBBPA initially applied to the soil. In addition some single 
ring metabolites detected in reed-planted soil extract were similar 
to the aerobic degradation products of TBBPA in soil slurries [4], 
indicating that the presence of reed seedlings resulted in the for-
mation of more aerobic degradation products of TBBPA than in 
unplanted soil. These single ring and low bromoBPAs metabolites 

Figure 2 Radioactivity in the leaves, roots and the whole plants of reed 
seedlings grown in 14C-TBBPA contaminated soil on days 10 and 66 of 
incubation. Values are the means of three individual experiments ± one 
standard deviation.

Figure 3 Effect of the wetland reed (Phragmites australis) on the fate of 
TBBPA in submerged soil.

Figure 1 Degradation of 14C-TBBPA and radioactivity recovered from CO2 
and bound residues during the incubation in submerged soil not planted or 
planted with reed seedlings. Data are the means of three individual  
experiments ± one standard deviation.
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Expected results
To achieve the project goals, a consortium of thirteen partners 

from research institutions in France, Germany and Switzerland has 
formed six research areas (RA) as shown in Fig. 1.

In RA1, data was collected and analyzed to get an inventory of 
the currently available resources of biomass and the land use in the 
URR. For all regions in the three countries, the total agricultural land 
area was determined and also the proportions of the different culti-
vated crop plants and their respective yields. Additionally, forested 
areas in the URR were identified by using remote sensing imagery 
and land cover / statistic databases. Amounts of secondary biomass 
originating from organic household waste, bulk waste, green waste 
and vineyard residues, which represent a specific fraction of organic 
waste in the URR, were also determined.

In RA2, a new economic model is being built to allow optimal 
localization of new plants as a function of the biomass resources 
and the investment costs of the available technologies to convert the 
biomass into bioenergy. Additionally, a joint task of all research areas 
is to estimate the technical biomass potential using the inventory 
of the different biomass fractions derived in RA1. For that, first the 
factors which influence the biomass potential, such as soil recre-
ation, already utilized biomass etc. are being identified. For these 
factors values are taken from literature [1] or estimated and multi-
plied by the corresponding results from the inventory to calculate 
the technical biomass. 

In RA3, existing biomass conversion pathways (Fig. 2, adapted 
from [2]) in the URR are being investigated in detail. The result of 
this work is an inventory of existing and planned biomass-based 
plants in the URR including a statistical-geographical characteriza-
tion of the existing facilities. Additionally, the plants are character-
ized according to type of technology applied, capacities, types of 
processed feedstock, energy efficiency, etc. The relevant economic 
parameters include the necessary specific investment and 

OUI Biomasse: 
innovations for sustain-
able biomass utilization in
the Upper Rhine Region
 
The research project “OUI Biomasse” aims to establish the tri-national  
Upper Rhine Region (URR) as one of the most innovative regions in Europe in the 
field of sustainable biomass utilization. This involves the promotion of biomass  
as a renewable energy source and raw material by drafting a “Roadmap for sustain- 
able biomass utilization in the URR”, as a strategic guideline for the implement- 
ation of sustainable biomass projects.
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Introduction
Biomass is a renewable resource which has been used since 

the beginning of humanity as a material and energy source. Due to 
foreseeable growing scarcity of fossil fuels worries about their se-
curity of supply and known negative environmental impacts, bio-
mass demand for bioenergy generation is expected to rise further 
in the future. Since the use of biomass for energy purposes in-
volves not only technological and economic, but also social and 
environmental aspects, it constitutes a major sustainability chal-
lenge to produce bioenergy from biomass. Considering local value 
creation and costs, minimizing global and regional negative im-
pacts on the environment, e.g. land use change, soil degradation, 
air and water pollution and accounting for the social situation 
where biomass is grown or converted into energy, are only some 
of the challenges that have to be mastered to achieve sustainable, 
regional production of biomass energy. To approach these chal-
lenges in the Upper Rhine Region (URR), the OUI Biomass re-
search project [1] aims to identify and address all relevant aspects 
and stakeholders of the biomass value chain. This includes an as-
sessment of current biomass production, logistics and use of bio-
mass, a model-based approach to exploring the future potential of 
biomass production capacities and biomass derived energy as 
well as a sustainability analysis to detect possible positive and 
negative impacts on the environment of biomass production and 
conversion to energy. Based on the model developed different bio-
mass production and utilization scenarios will be envisaged to 
show various development paths and outcomes. Finally the objec-
tive of the project is to facilitate a more intensive dialogue among 
relevant stakeholders on the advantages and disadvantages of 
current and future biomass use in the URR.

In RA6 interviews with relevant stakeholders in all three coun-
tries are conducted in order to describe the network structure and 
development regarding biomass usage. Questions are about the 
internal and external actors shaping the different biomass value 
chains and about the robustness of the relations between the ac-
tors in the described value chains. The goal is to reveal how suc-
cessful projects have been developed in the past in the three differ-
ent countries, how the collaborations are organized in the present 
and how to learn from insiders about the expected dynamics in the 
bioenergy sector in the future. The ultimate goal of the project is 
the development of a regional roadmap with pathways, options and 
recommendations for political, economic and scientific stakehold-
ers, illustrating possibilities and framework conditions for a sustain-
able biomass utilization in the URR. With this roadmap it is intend-
ed to facilitate and contribute to a deployment of sustainable 
energy value chains from biomass in the URR.

Conclusion and Outlook
The project is now at the beginning of its third and final year 

and the main conclusions are still to be drawn. By now, significant 
differences between the countries have been observed in the leg-
islative regulations and in the actual use of biomass for energy pro-
duction. So far, only a few tri-national projects have been estab-
lished, but many actors are interested and see a growing potential 
for collaborations in the sustainable use of biomass for energy in 
the URR.

Parallel to the project, a tri-national network of scientists from 
the URR has been created. This working group is tackling environ-
mental issues in its native regions together with political and indus-
trial players and local residents. In order to create a long-term network,  
it has been formally established as the “Upper Rhine Envi ronmental 
Research Institute” (URERI).
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 operational costs. Based on this technical data the RA2 model can 
optimize the capacity and chosen technology of possible future 
biomass conversion plants. 

In RA4 of the project, coherent scenarios for biomass use in 
the URR are developed and analyzed. This is done through identifi-
cation of the key drivers most relevant for influencing the further 
development of biomass production and utilization in the URR until 
the year 2030. The four key drivers determined through an evalua-
tion process are Energy, Agricultural and Nature Conservation Poli-
cies and developments of Bioenergy Technologies. The investiga-
tion will result in three scenarios that mainly differ through variations 
of settings of the four key drivers and their respective associated 

sub-factors: a ’Business as Usual’ scenario (BAU), a ’Maximum Ex-
ploitation’ scenario (MaxEx) and a ’Conservation and Recreation’ 
scenario (ConsRec). The BAU scenario is mainly based on history- 
based projections and keeping up with current trends and frame-
work conditions influencing the biomass production and utilization 
until 2030; it serves as a reference scenario. The MaxEx scenario is 
based on political and economic conditions that favor an expansion 
of the energetic biomass usage to major parts of the regional bio-
mass potential. In contrast, under the basic conditions of the Con-
sRec scenario only parts of the biomass available will be used under 
stronger ecological guidelines in 2030.

In RA5 an environmental and economic impact analysis of the 
scenarios is conducted. From the environmental perspective, it in-
cludes impacts on air and soil pollution. Life Cycle Analysis method-
ology is used to compare several pathways to produce bioenergy or 
materials. Air pollution studies are also performed through the 
quantification of changes in greenhouse gas and other air pollutant 
emissions in the different scenarios. Additionally, soil samplings are 
taken to control soil quality in fields dedicated to the production of 
biomass for bioenergy. This allows the identification of strategies 
with less impact on the environment. In this research area, the de-
veloped scenarios will also be appraised and compared in terms of 
their social and economic impacts. 

Figure 1 Research areas of the OUI-Biomass project

Figure 2 Major transformation routes of biomass for its conversion into 
secondary energy. Adapted from Faaij (2006).
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 Research Portfolio
The School of Life Sciences FHNW has established itself as a competent 
address for highly qualified research. The cooperation with industrial  
and academic partners is strong and the School is part of many nationally  
and internationally funded projects.
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Research Focus Areas 
(% of External Funds)

Type of Funding 
(% of current projects)

41.2 % 
Molecular Technologies (MT) 

7 % 
EU

26.4 %
Therapeutic Technologies (TT)

11 % 
Swiss Federal Offices

32.4 %
Environmental Technologies (ET)

20 % 
CTI

12 % 
SNSF

50 % 
Third Parties (direct funding)

Research Projects (2013-2014)

10’000 – 100’000 CHF 

171

> 100’000 CHF 
 

146



Competences 

Biochemistry, Bioanalytics, Diagnostic
(Bio)-Nanotechnology
Molecular Recognition, Organo- and Biocatalysis
Synthesis / Sustainable Development
Molecular Diagnostics and Preclinical Development of Pharmaceuticals
Instrumental Analytics
Organic and Organometallic Synthesis
Chemical Engineering

Environmental Engineering / Clean Technologies
Ecotoxicology
Environmental Biotechnology / Microbiology
Ressource Management
Cleaner Production in Industry (CP)
Green Chemistry

Functional Materials and Surfaces
Design and Manufacturing Processes for Patient Specific Implants
Medical Additive Manufacturing
Minimalinvasive  Systems
Computer Assisted Surgery
Sensorfusion Systems
Medical Decision Support Systems
Hospital Information Systems
Medical Image Processing

Formulation research and dosage form design and preparation
Process development and process engineering
Quality by design and process analytical technologies
Intestinal and (trans)dermal drug delivery and absorption
Pharmacokinetics and pharmacodynamics of natural products

Research Focus Area 

MT, TT

MT, ET

TT

MT, TT

Fields of Research

Biochemistry, Bioanalytics, Diagnostics
(Bio)-Nanotechnology, Instrumental Analysis
Organic Synthesis, Chemical Engineering

Resource Management 
Cleaner Production Ecotoxicology
Environmental, Biotechnology and Engineering

Implant Development
Surgical Support Systems
Medical Informatics

Dosage Forms
Drug Delivery
Procedures and Production Processes

Institute 

Institute for Chemistry and Bioanalytics (ICB)

Institute for Ecopreneurship (IEC)

Institute for Medical and Analytical Technologies (IMA)

Institute for Pharma Technology (IPT)

 Research Fields and 
 Competences

ET: Environmental Technologies
MT: Molecular Technologies
 TT: Therapeutic Technologies
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laser tissue soldering applications and enzymatic degradation of 
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Imanidis, Georgios, School of Life Sciences FHNW, Muttenz
In vitro und Modelle und Datenevaluation für die Vorhersage der 
intestinalen Wirkstoffabsorption

Zimmermann, Yannick, School of Life Sciences FHNW, Muttenz
Organic photovoltaics (OPV) – Environmental impact assessment

Brodbeck, Dominique, School of Life Sciences FHNW, Muttenz 
Krankenhausmanagement in Zukunft

Ricken, Benjamin, School of Life Sciences FHNW, Muttenz
Isolation and characterization of a new sulfonamide degrading 
monooxygenase

Nägelin, Martin, Chemgineering AG, Pratteln
Ohne Reinstwasser kein pharmazeutisches Produkt!

Corvini, Philippe, School of Life Sciences FHNW, Muttenz
Convergence of biotechnology and nanochemistry for 
environmental applications

Walter, Andreas, INSELSPITAL, Universitätsspital Bern, Bern
Masterplan – Wie man ein Universitätsspital für die nächsten 
50 Jahre plant

Standtke, Ronny, School of Education FHNW, Windisch
Der Lernstick und die Lernstick-Prüfungsumgebung – Eine mobile 
und sichere Lern- und Arbeitsumgebung für Studierende

Woltering, Thomas, F. Hoffmann-La Roche AG, Basel
Synthesis and pharmacology of the mGlu2/3 receptor 
antagonist HYDIA

Streit, Herbert, F. Hoffmann-La Roche AG, Basel 
Ablauf eines Industrieprojektes

Nisato, Giovanni, Centre Suisse d’Electronique et de 
Microtechnique SA (CSEM), Muttenz
Towards organic electronic energy: printing photovoltaics at CSEM

Wallner, Klaus, Landesanstalt für Bienenkunde, 
Universität Hohenheim, Stuttgart
Pflanzenschutz und Bienenschutz, wie passt das zusammen?

Hettich, Timm, School of Life Sciences FHNW, Muttenz
Proteine, Peptide, m/z; Wie die Massenspektrometrie die 
Proteinanalytik unterstützt

Escher, Claudia, BiognoSYS AG, Schlieren
Next generation proteomics for biomarker discovery

Busch, Markus, Dow Europe GmbH, Horgen
Microbial control in cooling and membrane system waters

Wedler, Jonas, School of Life Sciences FHNW, Muttenz
Inhibition of hydrogen peroxide induced odxidative stress in hu-
man keratinocytes by extracts and fractions of Rosa damascena

Lenz, Markus, School of Life Sciences FHNW, Muttenz
Critical raw material recovery from untapped secondary 
resources: opportunities for bio-technology

Cirillo, Fabio, F. Hoffmann-La Roche Ltd, Basel
QbD und six sigma: ein Hype oder doch nützliche Tools? 
Anwendung in der Entwicklung von Pharmazeutika.

Gössi, Angelo, School of Life Sciences FHNW, Muttenz
Phytoextraktion: Auslegung einer Extraktionsanlage für Bambus 
und Inbetriebnahme in China

Guzman, Raphael, Universitätsspital Basel, Basel
Neural stem cell cross talk in the ischemic brain

Schönbächler, Andrea, School of Life Sciences FHNW, Muttenz
Indocyanine green loaded biocompatible nanoparticles for laser 
tissue soldering applications and enzymatic degradation of PCL 
scaffolds

Hauert, Roland, Eidgenössische Materialprüfungs- und 
Forschungsanstalt (Empa), Dübendorf
State of the art and failure mechanisms of DLC coated articulating 
joint replacements

Saxer, Sina, School of Life Sciences FHNW, Muttenz 
Enzyme assays performed in microcapsules

Adler, Camille, School of Life Sciences FHNW, Muttenz
Formulation of a poorly soluble drug by hot-melt extrusion

Jacob, Francis, Universitätsspital Basel, Basel
Glycosphingolipids and anti-glycan antibodies in ovarian cancer

Hutter, Cédric, F. Hoffmann-La Roche AG, Basel 
Neuartige Reaktortechnik

Germershaus, Oliver, School of Life Sciences FHNW, Muttenz
Protein delivery from electrospun non-wovens: release behaviour 
of composite fibers from biodegradable polymers and protein 
crystals

Kirchmeyer, Wiebke, School of Life Sciences FHNW, Muttenz
Impact of drug-excipient-interactions on kinetics of solid-state 
transformations

Köser, Joachim, School of Life Sciences FHNW, Muttenz
Antimikrobielle Oberflächen – Wirkprinzipien, Anwendungen 
und Tests

Felder, Marco, Schweizerische Unfallversicherung (SUVA), 
Luzern 
Analytik an der SUVA

Briellmann, Hugo, School of Life Sciences FHNW, Muttenz 
Verfahrenstechnik – Vom «Herumpantschen» zur Professionalität

Böhringer, Stephan, School of Life Sciences FHNW, Muttenz
FEM Simulation in der Medizintechnik

Peter, Thomas, Chemgineering Technology AG, Münchenstein
Behandlung von hormonell belasteten Abwässern

Schumacher, Christoph, ETH Zurich, Zurich
Engineered nanomaterials and methods to trace them 
at low concentrations

Rothen, Barbara, Universität Fribourg, Fribourg
A 3D model of the human lung to mimic risk and opportunities 
of new inhalable drugs

Belliger, Andréa, Hochschule Luzern, Luzern
Connected Health – Gesundheit in Zeiten von Youtube, Facebook, 
Twitter & Co

Hettich, Timm, School of Life Sciences FHNW, Muttenz
Hochauflösende Massenspektrometrie in der «Omics» Welt

Cirillo, Fabio, Synthes GmbH, Oberdorf
Drug-device combination products: what does it need to develop 
such products – an industry perspective

Michaely, Roland, The MathWorks GmbH, Bern
Medical device research and development with MATLAB – 
from the idea to the final product

Kolvenbach, Boris, School of Life Sciences FHNW, Muttenz
Biodegradation of sulfonamide antibiotics in the environment

Schlumberger, Stefan, BSH Umweltservice AG, Sursee
Wertstoffpotenzial in Rückständen der thermischen 
Abfallbehandlung

Albrecht, Hugo, University of South Australia, Adelaide 
Targeting cap-dependent protein translation for cancer therapy

Occhipinti, Laura, University of Palermo, Palermo
The miraculous yeast

Research Seminars at
School of Life Sciences
FHNW
Study years 2013 and 2014
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Contact
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Gründenstrasse 40
CH – 4132 Muttenz

Tel +41 61 467 42 42
info.lifesciences@fhnw.ch
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Prof. Dr. Gerda Huber, Tel +41 61 467 42 42
gerda.huber@fhnw.ch

Director of Studies
Prof. Dr. Frank Pude, Tel +41 61 467 42 84 
frank.pude@fhnw.ch

Technology Transfer
Dr. Marion Rutsche, Tel +41 61 467 46 55 
marion.rutsche@fhnw.ch

Institute for Ecopreneurship (IEC)
Prof. Dr. Philippe Corvini, Tel +41 61 467 43 44 
philippe.corvini@fhnw.ch

Institute for Chemistry and Bioanalytics (ICB) 
Prof. Dr. Gerhard Grundler, Tel +41 61 467 42 27 
gerhard.grundler@fhnw.ch

Institute for Medical and Analytical Technologies (IMA) 
Prof. Dr. Erik Schkommodau, Tel +41 61 467 42 46 
erik.schkommodau@fhnw.ch

Institute for Pharma Technology (IPT)
Prof. Dr. Georgios Imanidis, Tel +41 61 467 46 80 
georgios.imanidis@fhnw.ch

 

Bachelor of Science (B.Sc.)

– Life Science Technologies
 Prof. Gianni N. di Pietro, Tel +41 61 467 46 94 
 gianni.dipietro@fhnw.ch

– Molecular Life Sciences
 Prof. Dr. Daniel Gygax, Tel +41 61 467 45 62
 daniel.gygax@fhnw.ch

Master of Science (M.Sc.)

– In Life Sciences
 Prof. Dr. Georg Lipps, Tel +41 61 467 43 01
 georg.lipps@fhnw.ch

Master of Advanced Studies 

– MAS Environment Technology and Management
 Prof. Dr. Markus Wolf, Tel +41 61 467 43 51 
 markus.wolf@fhnw.ch

– MAS Nano-Micro-Technology (cooperation)
 Prof. Dr. Uwe Pieles, Tel +41 61 467 44 53
 uwe.pieles@fhnw.ch
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