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ELECTROBIOREF 2015
Workshop Electrobioref 2015 is dedicated to the electroporation-based technologies (Pulsed
Electric Field, High Voltage Electrical Discharges) and also to other Innovative Electrotechnologies
related to Biorefinery.
The Workshop Electrobioref 2015 is organized on January 27th and 28th, 2015 by the Université
de Technologie de Compiègne (UTC) and École Supérieure de Chimie Organique et Minérale (ESCOM)
with the endorsement of the European Network for Development of Electroporation-based
Technologies and Treatments (EP4Bio2Med - COST Action TD1104), French Region of Picardy and
Competitiveness Cluster Industries & Agro-Resources IAR.
The goal of this meeting is to bring together the scientific and industrial community interested in
the recent advances and innovative ideas in the field of innovative Electro-technologies developed
for Biorefineries.
The primary topics of the workshop concern Innovative Electrotechnologies for:
 Wet and dry biomass biorefinery
 White and blue bioprocess biorefinery
 Food industry residues biorefinery

The European research groups active on Electroporation, mainly from France, Germany and
Italy present their contributions. It is also a pleasure to underline the presence of contributions from
USA, Portugal, Israel, Netherlands, Slovenia, Lithuania, Turkey, and Algeria.
We are sincerely grateful to all the authors for submitting their papers in time, to the
industrial participants for their participation, and to our sponsors for their financial and technical
support.

On behalf of the organizing team,

Eugène Vorobiev
Workshop chair, Electrobioref 2015
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PROGRAM OVERVIEW
Tuesday, January 27th 2015


08:45-09:15: Arrivals, registration, coffee



09:15-10:00: Opening ceremony, speakers:

-

Eugène Vorobiev, University of Technology of Compiègne

-

Alain Storck, President of University of Technology of Compiègne

-

Damijan Miklavčič, University of Ljubljana

-

Wolfgang Frey, Karlsruhe Institute of Technology

Session Biorefinery


10:00-10:30: Franck Dumeignil, Lille University: "EuroBioRef: Next Generation Biorefineries"



10:30-11:00: Frédéric Martel, Project Futurol: "FUTUROL: Biorefinery of lignocellulosic
biomass"



11:00-11:30: coffee break + poster session



11:30-12:00: René Wijffels, Wageningen UR, “Microalgae activities at Wageningen UR, Major
directions in research & development”



12:00-12:30: Jérôme Le Nôtre, Institute Pivert: "The ITE P.I.V.E.R.T.: towards the
development of the oilseed biorefinery of the future"



12:30-14:00: Lunch break

Session Electroporation


14:00-14:30: Eugène Vorobiev, University of Technology of Compiègne: "Pulsed energy
electrotechnologies: Biorefinery applications"



14:30-15:00: Gustavo V. Barbosa-Canovas, Washington State University: "Pulsed Electric
Fields (PEF) for Biomaterials Processing"



15:00-15:30: Wolfgang Frey, Karlsruhe Institute of Technology: "Pulsed Electric Field (PEF)
Processing of Microalgae for Cell Component Extraction"



15:30-16:00: coffee break + poster session



16:00-16:30: Justin Teissié, Institute of Pharmacology and Structural Biology: "The role of the
pulse duration in the electroextraction from walled species: bacteria, yeast, microalgae"



16:30-17:00: Giovanna Ferrari, ProdAl S.c.a.r.l. & University of Salerno: "PEF treatment for
the valorization of agri-food byproducts"



17:00-17:30: Uwe Pliquett, Institute for Bioprocessing and Analytical Measurement
Techniques: "PEF-Treatment of biogas substrate – What do we expect?"



17:30: End of the first day



18:30: City Hall Visit



19:30-22:00: Gala Dinner
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PROGRAM OVERVIEW
Wednesday, January 28th 2015
Session Electrotechnologies in the Biorefinery Concept


08:30-09:00: Arrivals and welcome coffee



09:00-09:30: Christoph Syldatk, Karlsruhe Institute of Technology: "The “White Biorefinery” New microbial routes to industrial chemicals from biomass"



09:30-10:00: Alexander Golberg, Tel Aviv University: "Energy efficient seaweed based
biorefineries for developing countries"



10:00-10:30: Stéphanie Rossard, University of Technology of Compiègne: "HORIZON 2020"



10:30-11:00: Coffee break + poster session



11:00-12:30: Round Table: Technical and scientific barriers for PEF application in the
Biorefinery Design

-

Theme 1 — Jean-Baptiste Leroy, Betatech S.a.: "Betatech: Scale up of PEF assisted
extraction"
Theme 2 — Thomas A. Dempster, Arizona State University: "Microalgae Processing Efforts at
the Arizona Center for Algae Technology and Innovation’s (AzCATI) Open, Collaborative Algae
Testbed"
Theme 3 — Claudia Siemer, ELEA mbH: "The overview of PEF industrial systems and
applications"
Theme 4 — Mark de Boevere, Pulsemaster: "PEF systems for the food & beverage industry
and the scientific sector"

-

-



12:30-12:45: Closing remarks



12:45-14:00: Debate and Lunch break
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TRANSPORTATION IN COMPIEGNE
Bus number: 2, 3 and 5 (Stop: Centre de Recherches)

Train station

UTC
Pierre Guillaumat 1

Electrobioref 2015 – Compiègne – 27th and 28th of January

City Hall Reception and Gala Dinner

Train station

Gala Dinner

City Hall

Toward UTC

Electrobioref 2015 – Compiègne – 27th and 28th of January

Opening ceremony

Opening ceremony


09:15-10:00: Opening ceremony, speakers:

-

Eugène Vorobiev, University of Technology of Compiègne
Alain Storck, President of University of Technology of Compiègne
Damijan Miklavčič, University of Ljubljana
Wolfgang Frey, Karlsruhe Institute of Technology
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Electroporation Based Technologies and Treatments

D. Miklavčič
University of Ljubljana, Faculty of electrical Engineering,Trzaska 25, 1000 Ljubljana, Slovenia

Exposure of biological cells to a sufficiently strong external electric field results in increased
permeability of cell membranes, referred to as electroporation. Since all types of cells (animal, plant
and microorganisms) can be effectively electroporated, electroporation is considered to be a
universal method and a platform technology (1). Electroporation has become a widely used
technology applicable to e.g. cancer treatment, gene transfection, food and biomass processing, and
microbial inactivation (2, 3). However, despite significant progress of electroporation-based
applications, there is a lack of coordination and interdisciplinary exchange of knowledge between
researchers from different scientific domains. Thus, critical mass for new major breakthroughs is
missing. We therefore established cooperation between research groups working in different fields
of electroporation (4). Cooperation in Science and Technology (COST) programme through which
European Union funds networking and capacity-building activities between researchers working in
different research fields seem ideal at this stage of electroporation and its applications development.
This specific COST Action aims at: (i) providing necessary steps towards international cooperation of
science and technology to foster basic understanding of electroporation, (ii) improving
communication between research groups, resulting in streamlining European R&D activities, and (iii)
enabling further development of new and existing electroporation-based applications by integrating
multidisciplinary research teams, as well as comprehensive training for Early-Stage Researchers
(ESRs).
Currently the consortium connects 541 researchers from 222 institutions and 41 countries world-class experts on electroporation, working on research and applications of electroporation
across the industrial and scientific spectrum (e.g. tumor ablation, food processing, cryopreservation,
wine production...). We believe that results of this COST Action (www.electroporation.net) will
provide multiple societal, scientific, and technological benefits from improving existing
electroporation-based applications and adding new ones in the field of medicine, biotechnology and
preservation of environment.

Further information:
Kotnik T, Kramar P, Pucihar G, Miklavčič D, Tarek M. Cell membrane electroporation –
Part 1: The phenomenon. IEEE Electr. Insul. M. 28(5): 14-23, 2012.
Haberl S, Miklavčič D, Serša G, Frey W, Rubinsky B. Cell membrane electroporation –
Part 2: The applications. IEEE Electr. Insul. M. 29(1): 29-37, 2013.
Reberšek M, Miklavčič D, Bertacchini C, Sack M. Cell
Part 3: The equipment. IEEE Electr. Insul. M. 30(3): 8-18, 2014.

membrane

electroporation

–

Miklavcic, D. Network for Development of Electroporation-Based Technologies and Treatments:
COST D1104. J Membrane Biol 245: 591-598, 2012.
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Session Biorefinery

Chairman: E. Vorobiev


10:00-10:30: Franck Dumeignil, Lille University: "EuroBioRef: Next Generation Biorefineries"



10:30-11:00: Frédéric Martel, Project Futurol: "FUTUROL: Biorefinery of lignocellulosic
biomass"



11:00-11:30: coffee break + poster session

Chairman: F. Dumeignil


11:30-12:00: René Wijffels, Wageningen UR, “Microalgae activities at Wageningen UR, Major
directions in research & development”



12:00-12:30: Jérôme Le Nôtre, Institute Pivert: "The ITE P.I.V.E.R.T.: towards the
development of the oilseed biorefinery of the future"



12:30-14:00: Lunch break
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EuroBioRef: Next Generation Biorefineries
F. Dumeignil*1,2
1) Université Lille 1, Sciences et Technologies, Unité de Catalyse et de Chimie du Solide, UMR CNRS 8181,
Bâtiment C3 59655 – Villeneuve d’Ascq, France
2) Institut Universitaire de France, Maison des Universités, 103 Boulevard Saint-Michel, 75005 – Paris, France

Context
The development and implementation of biorefinery processes is of the upmost importance to
meet the vision towards a sustainable economy based on bio-resources, namely, the so-called
‘bioeconomy’. Contrary to petro-resources of which the nature and composition variations are
‘relatively’ limited, under the term ‘bio-resource’ or ‘biomass’ are gathered compounds of very
different natures, namely cellulose, hemicellulose, oils, lignin, etc. Thus, a complete set of specific
technologies must be developed in order to convert each fraction as smart as possible. This implies,
among others, the elaboration of a lot of (bio-)chemical and thermochemical transformations, which
constitute core technologies that have to be developed and implemented in a global sustainable
framework along the whole valued chain.
Within this context, the EuroBioRef project (European Multilevel Integrated Biorefinery Design
for Sustainable Biomass Processing; www.eurobioref.org) was a 4 years program coordinated by
CNRS, France, launched on March 1st, 2010, and closed on February 28th. It was supported by a 23 M€
grant from the European Union 7th Framework Program (FP7). EuroBioRef had this unique feature of
dealing with the entire process of transformation of biomass, from non-edible crops production to
final commercial products. It involved 29 partners (industry, SMEs, academics) from 15 different
countries in a highly collaborative network, including crop production, biomass pre-treatment,
fermentation and enzymatic processes, catalytic processes, thermochemical processes, assessed by a
life cycle analysis and an economic evaluation of the whole development chain. With this strategy to
develop next generation biorefineries, the project generated a lot of results, with an important
impact on the European bioeconomy, including new energy & new chemicals production strategies.
Objectives
EuroBioRef then intended – and succeeded – to propose a new highly integrated, diversified and
sustainable concept, which involves all the biomass sector stakeholders. The potential of all the
fractions issued from the various types of biomass is used to yield a value-added as high as possible
in a sustainable and economical way. The overall efficiency of this approach is a vast improvement to
the existing situation and considers options such as: Production and use of a high diversity of
sustainable biomass adapted for European regions / Production and use of high specific energy bioaviation fuels (42 MJ/kg) / Production of multiple products (chemicals, polymers, materials) in a
flexible and optimized way that takes advantage of the differences in biomass components and
intermediates / Improvement of the cost efficiency through improved reaction and separation
effectiveness, reduced capital investments, improved plant and feedstock flexibility and reduction of
production time and logistics / Reduction of the required energy / Zero waste production and
reduction of feedstock consumption.
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Main results


- 5 lignocellulosic plants (willow, giant reed, miscanthus, switchgrass, cardoon) and 10 oil
crops (castor, crambe, cuphea, lesquerella, jatropha, safflower, as well as sunflower,
camelina and rapeseed for comparison) were grown;



- Large test fields were set: willow and crambe in Poland, giant reed and safflower in Greece
and castor in Madagascar;



- Win-win culture rotation strategies between food and non-food crops were developed;



- A biomass supply logistics model has been developed and populated with data for 4 crops
(willow, castor, safflower and giant reed);



- Efficient biotech technologies were developed to yield platform molecules from glycerol
and biomass hydrolysates, outperforming the current state of the art;



- A brand new pilot plant in Norway able to operate more than 50 kg of dry lignocellulosic
materials per hour was constructed, using a new and versatile pretreatment process
validated at the lab scale on miscanthus, giant reed and switchgrass. Full-scale unit is
planned for 2017;



- 33 patents were filed;



- 52 scientific papers were published to date, and more are under preparation;



- A 20 min video explaining the project is available on the EuroBioRef Website together with
a 6 min video accompanied with a ca. 70 pages booklet both summarizing the outcomes of
the project (www.eurobioref.org);



- A book ‘Biorefinery: From Biomass to Chemicals and Fuels’, Ed. by Aresta, Michele /
Dibenedetto, Angela / Dumeignil, Franck, ISBN: 978-3-11-026028-1’ is available
(http://www.degruyter.com/view/product/177487);



- Value chains corresponding to different scenarios of biorefineries integrating results and
concepts developed in EuroBioRef were designed and multidimensionaly assessed to realize
demonstrations of the developed technologies, but also to test scenarios of industrial
exploitation;



- On 11-12 February 2014, we successfully organized a two-days conference ‘Tomorrow’s
Biorefineries in Europe’ in Brussels with our sister projects, namely Biocore and Suprabio,
notably to present our results and propose our technologies to stakeholders
(https://colloque.inra.fr/eubiorefineryprojectsfinalconf);



- A European Master on Biorefineries has been designed and will be launched in 2015.

Acknowledgements
This project has been funded by the European Union Seventh Framework Programme (FP7/20072013) under grant agreement n° 241718 EuroBioRef.
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FUTUROL: Biorefinery of lignocellulosic biomass

F. Martel*
PROCETHOL 2G, Route de Bazancourt, F- 51110 Pomacle - France , www.projet-futurol.com

The chemicals and transportation fuel sectors are facing the challenges of reducing their
dependence on petroleum resources thanks to cost competitive solutions and addressing today’s
environmental concerns – sustainability and greenhouse gas emissions reduction. Futurol technology
addresses these challenges through production of 2nd generation (2G) bio-ethanol from various
biomasses suitable for fuel and chemical applications.
Futurol technology has been developed since 2008 by a consortium of 4 R&D partners (IFP
Energies Nouvelles, INRA, Lesaffre and ARD), backed by seven industrial and financial partners (such
as Tereos, Total,..). Their expertise covers the whole production chain, from biomass cultivation and
transformation, through biocatalyst development and selection, to development and
industrialization of fuels and petrochemicals production processes. A company, Procethol 2G, was
created, in order to coordinate and provide financial and technical means to the Futurol Project.

Futurol’s pilot plant is located on
Bazancourt-Pomacle biorefinery, near Reims
(France). Started-up in 2011, the 5,000 m²
facility benefits from a unique agroindustrial
environment

Futurol technology produces cellulosic ethanol thanks to a compact scheme with few production
steps and simplified operations: single-train pretreatment, one-pot hydrolysis and fermentation.
Energy and water management, as well as on-site biocatalysts production and propagation, were
designed to make Futurol technology cost competitive, in line with 1G bio-ethanol production costs
Futurol technology has been developed and tested on a wide range of biomasses. This makes the
technology suitable for worldwide deployment by processing any locally available resources and by
taking advantage of any feedstock opportunities.
Axens has been selected as the single source supplier for Futurol technology commercialization
for its world renowned expertise in process licensing, associated services and ability to provide
dedicated customer support through the entire plant life.
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The ITE P.I.V.E.R.T.: towards the development of the oilseed biorefinery of
the future.
J. Le Nôtre*; C. Hillairet; G. Ravot
SAS PIVERT, Parc Technologique des Rives de l’Oise, rue les Rives de l’Oise, CS50149-Venette, 60201 Compiègne
cedex, France

The ITE P.I.V.E.R.T. (Institute for Energy Transition for Picardy Plant Innovations, Teaching and
Technological Research) is one of the 9 Institutes for Energy Transition recently created in France. Its
goal is to develop plant-based chemistry using a competitive and promising renewable raw material:
the oilseed biomass.
Created in 2012 within the frame of the “Investments for the Future” program (“Programme
Investissements d’Avenir”) to manage the ITE P.I.V.E.R.T., the SAS PIVERT develops processes and
proprietary products in accordance with the third generation biorefinery concept. Intellectual
property is crucial for its strategy and a key element of its competitiveness.
The precompetitive research program GENESYS, directed by the SAS PIVERT, is a key element of
the ITE P.I.V.E.R.T.. This Program, including today more than 50 research projects, aims to set up the
bases of the oilseed biorefinery of the future. The research is based on the three aspects of the
oilseed biomass cycle: production (agronomy, harvest, and supply), biomass fractionation and
transformation, and bioproducts production using different chemical or biochemical pathways.
To bridge the gap between academic research and industry, the BIOGIS Center, a technical
platform of more than 6000 square meters is being built. It will allow the creation of a real dynamism
around technological transfer, a source of innovation in plant chemistry, and a place to train the new
actors needed by the oilseed biorefinery.
In our presentation, the activities of the ITE P.I.V.E.R.T. will be described and an overview of the
main results generated within the frame of the GENESYS Program will be delivered.

14

Session Electroporation

Session Electroporation

Chairman: D. Miklavcic


14:00-14:30: Eugène Vorobiev, University of Technology of Compiègne: "Pulsed energy
electrotechnologies: Biorefinery applications"



14:30-15:00: Gustavo V. Barbosa-Canovas, Washington State University: "Pulsed Electric
Fields (PEF) for Biomaterials Processing"



15:00-15:30: Wolfgang Frey, Karlsruhe Institute of Technology: "Pulsed Electric Field (PEF)
Processing of Microalgae for Cell Component Extraction"



15:30-16:00: coffee break + poster session

Chairman: G.V. Barbosa-Canovas


16:00-16:30: Justin Teissié, Institute of Pharmacology and Structural Biology: "The role of the
pulse duration in the electroextraction from walled species: bacteria, yeast, microalgae"



16:30-17:00: Giovanna Ferrari, ProdAl S.c.a.r.l. & University of Salerno: "PEF treatment for
the valorization of agri-food byproducts"



17:00-17:30: Uwe Pliquett, Institute for Bioprocessing and Analytical Measurement
Techniques: "PEF-Treatment of biogas substrate – What do we expect?"

Electrobioref 2015 – Compiègne – 27th and 28th of January

Session Electroporation

Pulsed energy electrotechnologies: Biorefinery applications

E. Vorobiev
Sorbonne Universités, Université de Technologie de Compiègne, laboratoire Transformations Intégrées de la
Matière renouvelable (UTC/ESCOM, EA 4297 TIMR), Centre de recherche Royallieu, CS 60 319, 60 203
Compiègne cedex, France
eugene.vorobiev@utc.fr

Recovery of valuable plant and biomass compounds is often linked with the use of
environmentally polluting chemical agents. Unfortunately, the "green" solvents, and particularly
water at room temperature, are often insufficient for the effective extraction from plants and
biomass feedstocks.
Cellular tissue (green biomass, oilseeds,..) must be initially pretreated to facilitate the recovery of
compounds targeted by the extraction. For the biomass feedstocks, such tissue pretreatment is most
often achieved through grinding or thermal processes (e.g., using steam or hot water) and consumes
high amounts of energy.
Several physical treatments (ultrasound, microwave,..) are shown to be prominent and of big
interest for the biomass pretreatment to enhance solute and pressure extraction, and dehydration
processes.
The purpose of this work is to review the application of electrical pulsed energy (pulsed electric
field, pulsed ohmic heating and high voltage electrical discharges) to enhance the pressure and
solute extractions from biomass feedstocks (grape pomace, oilseed by-products, microalgae,..).

Keywords: green extraction, separation, biomass, cell membrane, pulsed electric field, high
voltage electrical discharges
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Pulsed Electric Fields (PEF) for Biomaterials Processing
G. V. Barbosa-Cánovas* and P. R. Pokhrel
Center for Nonthermal Processing of Food. Washington State University. Pullman, Washington

Pulsed electric fields (PEF) is a technology which is expanding its applications to a good number
of biological systems after very good results attained in some specific fields such as food processing.
The reasons behind the increasing number of applications resides in the multiple effects it generates
in tissues in a good number of very diverse structures. It is a very clean technology, with multiple
parameters to adjust for a given application, i.e. it is very flexible. In general promotes energy savings
and it imparts changes in some specific biomaterials components without significant affecting others.
This technology has been explored in depth for example in food processing, either for microbial
inactivation or extraction of specific components. The impact of PEF in this domain is quite relevant
because it can replace or complement thermal processing. At the same time, PEF has shown
promising results in pre-treatment of biological materials, waste water management, essential oil
extraction and structural modification and bioactive compounds extraction from algae.
Electroporation of the cell membranes is the fundamental principle behind all these applications,
which promotes lysis of microbial cells and extraction of intracellular constituents from biomaterials.
Pre-treatment of cellulosic materials by PEF causes the formation of pores and thus, by direct
exposition to catalytic and other reactive components facilitates the conversion of cellulosic
materials into bio-fuels. Waste water treatment by PEF reduces volume of solid, rupture the cell wall
of biomaterials and inactivates most microorganisms of concern. PEF treatments improves anaerobic
degradation, subsequent dewatering and gas production. PEF is very attractive for waste water
treatment because it is continuous, quick and a non-chemical method. Extraction of essential oils
from plant and biological materials is another PEF application which delivers, in general, better
quality oils and, in most cases, higher yield as compared to conventional extraction processes. PEF
extraction of bioactive compounds from algae, such as EPA, DHA, chlorophyll and carotenoids is an
environmental friendly process which results better products in terms of yield and overall quality.
This presentation deals with current and potential application of pulse electric fields in biomaterials
processing and discuss their advantages, disadvantages, shortcomings and roadmaps for
commercialization.
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Pulsed Electric Field (PEF) Processing of Microalgae for Cell Component
Extraction
W. Frey*1; C. Eing1; C. Gusbeth1; R. Straessner1; C. Posten2;
Karlsruhe Institute of Technology (KIT),
1) Institute for Pulsed Power and Microwave Technology (IHM), 76344 Eggenstein-Leopoldshafen,
2) Institute of Process Engineering in Life Sciences, Dept. III: Bioprocess Engineering, 76131 Karlsruhe, Germany

Microalgae are a promising feedstock for lipids and other high-value intracellular components.
Conventional extraction techniques are energy-intensive, necessitating cell disruption and even
drying steps. Pulsed electric field (PEF) treatment of microalgae can improve component extraction
by increasing the permeability of the cell´s plasma membrane. This technique can replace
conventional cell disruption techniques, can separate microalgae slurries into water-soluble and
lipid-rich fractions and can considerably save processing energy.
The advantages of this technology were demonstrated on Auxenochlorella protothecoides grown
in TAP medium. Prior to pulsed electric field treatment the microalgae suspension was preconcentrated to 100 gdw/l. Pulses with a duration of 1 µs and an electric field strength of 34 kV/cm
were delivered to the stainless steel electrodes of the uniform field treatment chamber, where the
pre-concentrated microalgae suspension was continuously pumped through.
Right after PEF treatment a considerable part of the water-soluble intracellular components, i.e.
15 %dw of the microalgae biomass, was released into the extracellular matrix. The extracellular
carbohydrate content, for example, was increased by a factor of 40. Intracellular lipid droplets could
not pass the cell boundary since PEF treatment increases the permeability of the cell membrane but
not cell wall porosity. After separation of the water-soluble fraction lipids were recovered by ethanol
extraction from the lipid-rich residual biomass. The lipid yield from PEF-treated samples was in
average 4 times higher compared to the untreated samples.
Experiments on the influence of the biomass density on PEF-processing performance revealed
that the efficacy of the PEF treatment is not decreased up to densities of 200 gdw/l. The energy
demand for PEF treatment is 0.8 MJ/kgdw, which is about 4 times lower, compared to conventional
cell disruption techniques, e.g. ball mill processing or high-pressure homogenization.
Lipid extraction results from Chlorella vulgaris and Neochloris oleoabundans reveal that the PEFassisted extraction yield definitely depends on the strain to be processed. Nevertheless, in all cases,
the extraction yield from wet biomass was considerably higher compared to processing route
variants involving an intermediate drying step after PEF treatment.
Recently considerable work has been done on expanding the cultivation and processing
capabilities at KIT. An open-air flat panel photo-bioreactor for the production of microalgae biomass
came into operation, providing enough biomass for pilot-scale PEF-processing with our 20kW-PEFprocessing unit.
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The role of the pulse duration in the electroextraction from walled species:
bacteria, yeast, microalgae
J. Teissié
IPBS CNRS and Université de Toulouse

Walled cell species are recognized as powerful cell factory. There is a need for biorefinery
techniques which are mild and effective to take advantages . Among the recently described
techniques, Pulsed Electric Field (PEF) is now recognized to be the most developed technique
compared to other cell disruption applications(1,2). A high of extraction for cytosolic compounds
without the formation of cellular debris can be obtained when a proper choice of the pulsing
conditions is chosen (3,4,5).
PEF are described as inducing membrane permeabilization by increasing the transmembrane
potential of the plasma membrane to a critical value where a structural transition occurs. But an
associated effect on the wall organization is triggered (6). As a result, not only small ionic compounds
but large size macromolecules such as proteins or nucleic acids can leak out (7). Facilitated solvent
assisted extraction of non polar products is observed (8, 9)
Protein electroextraction is therefore a set of successive steps, where the wall weakening may
not be a direct consequence of the membrane permeabilization as shown by AFM nanorheology and
electron microscopy. A clear cut effect of the single pulse duration in a train of pulses is observed.
Tentative interpretations will be presented.

Research was conducted in the scope of the EBAM European Associated Laboratory (LEA) and
resulted from the networking efforts of the COST Action TD1104.

[1] .Grimi N, Dubois A, Marchal L, Jubeau S, Lebovka NI, Vorobiev E. Selective extraction from microalgae
Nannochloropsis sp. using different methods of cell disruption.Bioresour Technol. 2014 Feb;153:254-9.
[2]Vanthoor-Koopmans M, Wijffels RH, Barbosa MJ, Eppink MH Biorefinery of microalgae for food and
fuel. Bioresour Technol. 2013 May;135:142-9.
[3]Coustets M, Joubert-Durigneux V, Hérault J, Schoefs B, Blanckaert V, Garnier JP, Teissié J. Optimization
of protein electroextraction from microalgae by a flow process. Bioelectrochemistry. 2014 in press
[4]Coustets M, Ganeva V, Galutzov B, Teissie J. Millisecond duration pulses for flow-through electroinduced protein extraction from E. coli and associated eradication. Bioelectrochemistry. 2014 in press
[5]Ganeva V, Galutzov B, Teissié J. High yield electroextraction of proteins from yeast by a flow process.
Anal Biochem. 2003 Apr 1;315(1):77-84
[6]Ganeva V, Galutzov B, Teissie J.Evidence that pulsed electric field treatment enhances the cell wall
porosity of yeast cells. Appl Biochem Biotechnol. 2014 Feb;172(3):1540-52
[7]Haberl S, Jarc M, Strancar A, Peterka M, Hodžić D, Miklavčič D. Comparison of alkaline lysis with
electroextraction and optimization of electric pulses to extract plasmid DNA from Escherichia coli. J Membr Biol.
2013 Nov;246(11):861-7.
[8]Luengo E, Condón-Abanto S, Alvarez I, Raso J. Effect of Pulsed Electric Field Treatments on
Permeabilization and Extraction of Pigments from Chlorella vulgaris. J Membr Biol. 2014 Dec;247(12):1269-77
[9]Goettel M, Eing C, Gusbeth C, Straessner R, Frey W Pulsed electric field assisted extraction of
intracellular valuables from microalgae Algal Research 2013 2 (4) 401–408
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PEF treatment for the valorization of agri-food byproducts
G. Ferrari1,2; G. Pataro*1
1) Department of Industrial Engineering, University of Salerno, Via Giovanni Paolo II, 132 - 84084 - Fisciano (SA),
Italy
2) ProdAl Scarl - University of Salerno, Via Ponte don Melillo - 84084 - Fisciano (SA), Italy

Cell membrane acts as a physical barrier when removing the intracellular substances (water,
juices and solutes) from food tissues in common unit operations of food industry such as drying and
extraction. The permeabilization of the cell membrane by means of food tissue pre-treatments may
positively affect the mass transport rates, and, thus, higher yield and shorter residence time in the
processing plants can be obtained [1].
However, the conventional pre-treatments of the raw material utilized to increase the extraction
yield, namely grinding, heating, addition of chemicals/enzymes, have a negative impact on the
quality of the solutions and extracts (e.g., purity, turbidity, color, flavor and nutrient content) [2].
Pulsed electric fields (PEF) treatments has been proved to bea promising mild and more efficient
physical method alternative to conventional cell disintegration techniques. The exposure of food
tissue to an electric field of moderate intensity (0.5-10 kV/cm) and relatively low energy (1-10 kJ/kg),
applied in the form of repetitive very short voltage pulses, typically from few μs up to 1 ms, induces
thepermeabilization of cell membranes by electroporation, facilitating the release of liquids and
valuable compounds from the inner parts of the cells [1].
PEF pretreatment may exert a selective permeabilization of the membranes (tonoplast and
plasma membrane), while the cell wall remains intact. Consequently, the yield and the purity of the
extractsare improved. Moreover, since PEF is a non-thermal technology, the reduction of the impact
on the thermo-sensitive and thermo-labile compounds in the extracts is avoided [1, 2].
Interestingly, PEF treatment can be used to recover valuable compounds from food wastes and
by-products,which have been matter of concern by the agri-food industry due to their environmental
impact. The compounds that can be recovered show great potential industrial applications as natural
colorants (anthocyainins, carotenoids, betanines, etc.) or nutraceuticals(polyphenols) [1, 2, 3].
In this paper, a brief description of the basic mechanisms of electroporation of plant tissues, the
methods of detection of electrically induced cell damage, and the influence of process parameters
on the efficiency of the treatment is presented. Furthermore, this paper focuses on the application of
PEF for the recovery of valuable compounds from fruit and vegetable by-products, with special
enphasis on the extraction of phenolic compounds from artichoke bracts and berry fruits.

[1] F. Donsì, G. Ferrari, G. Pataro, “Applications of Pulsed Electric Field Treatments for the Enhancement
of Mass Transfer from Vegetable Tissue”, Food Eng. Rev., DOI 10.1007/s12393-010-9015-3, 2010.
[2] E. Vorobiev, N. Lebovka, “Enhanced Extraction from Solid Foods and Biosuspensions by Pulsed
Electrical Energy”, Food Eng Rev., vol. 2, pp. 95–108, 2010.
[3] C. M. Galanakis, “Recovery of high added-value components from food wastes: Conventional,
emerging technologies and commercialized applications”, Trends Food Sci. Tech., vol. 26, pp. 68-87, 2012.
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PEF-Treatment of biogas substrate – What do we expect?

U. Pliquett*; T. Nacke, D. Echtermeyer
Institut für Bioprozess- und Analysenmeßtechnik e.V., Heilbad Heiligenstadt, Germany

Energy from renewable resources becomes increasingly important especially for developed
countries. Harvesting energy from waste but also from energy plants by means of anaerobic
digestion in biogas reactors having a volume of several hundred cubic meters is politically forced.
With an installed electrical power of more than 2 GW only in Germany biogas plants are an
important part of the energy management. Given these dimensions, an optimal operation of biogas
plants is indispensable.
The optimal pretreatment of raw material but also further processing during the anaerobic
digestion can increase the gas yield by more than 80% [1]. The treatment involves mechanical
(cutting, milling, ultrasound), thermal, chemical and biological (enzymes, microorganisms) methods.
Although already commercially available (BioCrack, Innovum, Austria), treatment by means of pulsed
electric fields is less explored. Several studies are available [2, 3] showing an increase of biogas
production and a higher yield of methane.
Electrical treatment manipulates biogas substrate in different ways. The most important part is
the disruption of cell membranes and walls by means of electric field which increases the
bioavailability of the cell compounds. A shockwave associated with strong electric pulses will disrupt
larger aggregates and can also further disintegrate cellular structures like membranes, walls but also
fibrous parts like lignin- or cellulose structures.
Electric field strength which is subcritical for cell killing can influence cell growth in both
directions, from inhibition up to increase of proliferation. The latter effect is no clear so far but it is
likely that competing species are blocked which forces the growth, especially of slow growing cells
like archae. This effect depends on the composition of the microbial community but also on the
composition of the medium. Understanding the different reaction of cell lines could open the door
for influencing the composition of the microbial community selectively.
Long lasting electric field, subcritical for direct action on cells can heat the substrate but is also
able to extract ingredients form cracked cell electrophoretically. Moreover, it is possible to wet
surfaces, for instance those in solid aggregates, which disintegrates these structures and thereby
decreases the retention time within the reactor.

[1] A. Ackmez, “Biogas production: pretreatment methods in anaerobic digestion”, Scrivener Publishing
LLC, ISBN 978-1-118-06285-2, 2012.
[2] Kopplow, O., Barjenbruch, M., and Heinz, V., “Sludge Pre-treatment with Pulsed Electric Fields”, Water
Science and Technology”, 49(10): 123-129, 2004.
[3] Lee, I.S., Rittmann, B.E., “Effect of low solids retention time and focused pulsed pre-treatment on
anaerobic digestion of waste activated sludge”, Biosource Technology, 102, : 2542-2548, 2011
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The “White Biorefinery” - New microbial routes to industrial chemicals from
biomass

C. Syldatk
Karlsruhe Institute of Technology (KIT), Institute of Engineering in Life Sciences, Section II - Technical Biology, D76128 Karlsruhe, FRG

While several microbial processes for the production of biofuels and bulk chemicals have been
well established in the chemical industry in the last decade, there is still a great demand for new and
economic routes starting from renewable resources. In future it will be essential to use only starting
materials which are not in competition with food or feed and to avoid the formation of carbon
dioxide to a large extend. For that “White” or Industrial Biotechnology has already become a key
competence and will achieve important contributions in future. The topics of this lecture will be to
give a short summary of industrial bulk and fine chemicals which can already be produced from
organic residue materials or by-products using microbial process steps and to show examples from
our current research. In our group we focus on the microbial production of several platform
chemicals from renewable sources: single cell oils (SCOs), organic acids and alcohols. SCOs are lipids
produced by oleaginous microorganisms.
Depending on the fatty acid profile of the SCO these lipids can be regarded as good alternatives
to conventional oil sources for application in energy sector, food, pharmaceutical and cosmetic
industry. Oleaginous microorganisms are able to produce lipids as carbon storage with yields
between 20% and 80% lipid per dry biomass. Here an algae/yeast hybrid platform process for SCO
production has been established. Dicarboxylic acids can serve as polymerization starter units due to
their bi-functionality and can be easily converted to other important fine chemicals.
The filamentous fungus Aspergillus oryzae can produce large quantities of fumaric and malic acid
and secrete them into the culture broth when cultured under stress conditions. To prevent the “food
or fuel”-discussion the renewable carbon source xylose and the waste-substrate glycerol can
successfully be applied for the production of malic acid.
A good strategy for the complete usage of lignocellulosic biomass is pyrolysis and gasification of
the biomass in the “BioLiq” plant at KIT and the application of the resulting syngas in an anaerobic
fermentation process. In our group Clostridium ljungdahlii and Acetobacterium woodii are used to
convert H2, CO and CO2 to acetate, ethanol and butyrate.
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Energy efficient seaweed based biorefineries for developing countries

A. Golberg
The Porter School of Environmental Studies, Tel Aviv University, 6997801, Israel. agolberg@tauex.tau.ac.il

Biomass to fuel programs are under research and development worldwide. The largest biomass
programs are underway in the USA and in Europe. In the coming decades, however, developing
countries will be responsible for the majority of increases in transportation fuel demand. Although
the lack of existing large-scale infrastructure and primary resources preclude oil refining in the
majority of developing countries, this provides an opportunity for the rapid implementation of small
scale distributed biorefineries to serve communities locally. This work set a precedent in combining
thermodynamic, metabolic, and sustainability analyses for biorefinery design (Fig.1). We exemplify
this approach through the design and optimization of a marine biorefinery for an average town in
rural India. In this combined model, we include sustainability factors, intensive macro algae Ulva
farming, and metabolic modeling of the biological conversion of Ulva feedstock to bioethanol by a
synthetic microbial community consisting of yeast, Saccharomyces cerevisiae, and a bacterium,
Escherichia coli.
In 2005, the annual per capita
transportation fuel consumption in
India was 9.9 L. Analysis of the
population distribution shows that the
average town in coastal rural India has
15000-25000 inhabitants. In this model,
we assume that economic growth
drives the growth in personal fuel
consumption to 20 L of gasoline per
person per year. Therefore, the local
biorefinery should supply about 400000
L of gasoline equivalent per year. If
bioethanol is chosen as a biofuel, then
Figure 1: Marine Biorefinery energy flow
~500000 L per year production
capacity is needed to produce bioethanol with the equivalent combustion heat value as 400000 L of
gasoline. Results from the S. cerevisiae - E. coli synthetic community Ulva conversion process
modeling imply that the required biorefinery will consume 1500-2500 ton of Ulva lactuca per year.
Recent work on Ulva intensive cultivation reported production rates of up to 45 ton DW per ha.
Therefore, a total area of 33-56 ha of ponds will be needed to supply 100% of transportation needs
for this model town. Our results are of particular interest, as biorefineries of 500000 L per year
capacity are already available today on the market.

Golberg, A, Vitkin,E, Linshiz,G, Ahmad Khan,S, Hillson, N.J, Yakhini Z, Yarmush,M.L. Proposed Design
of Distributed Marine Biorefineries: Thermodynamics, Technology, and Sustainability Implications for
Developing economies. Biofuels, Bioproducts & Biorefining, 8(1): 67-82, 2014
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Strategy on participation in European Projects

S. ROSSARD
University of Technology of Compiègne (UTC), Research Department, PIPATT (Pôle Ingénierie Projets et Appui au
Transfert de Technologie), European Affairs Officer, 60200 Compiegne, France
Email: stephanie.rossard@utc.fr

Horizon 2020 is the biggest EU research and innovation program ever. Almost €80 billion of
funding is available over seven years (2014 to 2020) – in addition to the private and national public
investments.
Horizon 2020 will help to create new growth and jobs in Europe. The goal is to ensure Europe
produces world-class science and technology, removes barriers to innovation and makes it easier for
the public and private sectors to work together in delivering solutions to big challenges facing our
society. It promises more breakthroughs, discoveries and world-firsts by taking great ideas from the
lab to the market.
By coupling research and innovation, Horizon 2020 is helping to achieve this with its emphasis on
its three basic priorities, Excellent Science, Industrial Leadership and tackling Societal Challenges.
Funding will be focused on specific societal challenges. Bioeconomy can be found first in societal
challenge 2, titled “Food security, sustainable agriculture and forestry, marine, maritime and inland
water research, and the Bioeconomy”. Second, it can be found in Industrial Leadership as Leadership
in Enabling and Industrial Technologies titled “Biotechnology”. Finally you can submit projects to the
“Bio-Based Industry” Joint Undertaking which is a Public-Private Partnership between the European
Union and the Bio-Based Industries Consortium.
Participating and being funded by these types of programs need to have a strong strategy.
Indeed, it is necessary to know interesting calls, to be involved in significant networks… At different
levels, supports for information / training could be found. It could be easy to find support for each
step of your project (from the idea to the funding and during all the duration of this project). Some
clues could be suggested.
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Scale up of PEF assisted extraction
J.-B. Leroy*1,2; L. Royant2
1) BETA tech, 35 Boulevard du Libre-Echange, Saint-Orens-de-Gameville, France
2) LEROY Biotech, 27 Boulevard du Libre-Echange, Saint-Orens-de-Gameville, France

BETA tech’s generators revolve around two main concepts: bipolar and millisecond long pulses.
Bipolar pulses at a frequency higher than 10 Hz dramatically decrease electrochemical hydrogen
production and electrode corrosion1. Millisecond long pulses allow the extraction of cytosolic
proteins from bacteria, yeasts and microalgae that would not get extracted with PEF at a higher field
and microsecond long pulses, while keeping the cell structure morphology intact2.
Our practical approach of scale up electroextraction is primarily based on the level of induced
transmembrane potential to allow the membrane permeability, deducted from the cell’s size. This
sets the required field intensity. The maximum allowed temperature increase sets the largest pulse
width, the period and the number of bipolar pulses.

Capacities of BETA tech electropulsators

Over the last 12 years, BETA tech has designed and manufactured electropulsators mainly for
research, in collaboration with IPBS-CNRS, Toulouse, France. The success of the ELECTROvet S13 for
electrochemotherapy in veterinary practice since its launch in 2012 was incentive to reproduce the
same scheme: design and produce a versatile “off the shelf” generator for electroextraction, based
on the Proof of Concept developed for a 2009-2011 FP7 project lead by Jacobs University, Bremen,
Germany, resulting in 98% protein extraction on yeast compared to mechanical lysis.
[1] Johan Morren*, Bart Roodenburg, Sjoerd W.H. de Haan Electrochemical reactions and electrode
corrosion in pulsed electric field (PEF) treatment chambers, Innovative Food Science 4 (2003) 285–295.
[2] V. Ganeva , B. Galutzov , J. Teissie Electric field mediated loading of macromolecules in intact yeast
cells is critically controlled at the wall level Biochimica et Biophysica Acta 1240 (1995) 229-236.
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Microalgae Processing Efforts at the Arizona Center for Algae Technology and
Innovation’s (AzCATI) Open, Collaborative Algae Testbed
T. A. Dempster*1; H. Gerken1
1) Arizona State University (ASU), Arizona Center for Algae Technology and Innovation (AzCATI), 7418 E.
Innovation Way South, Mesa, Arizona, USA

The Algae Testbed Public Private Partnership (ATP3), a multi-institutional effort funded by the
Department of Energy has established a network of operating testbeds that bring together worldclass scientists and engineers to increase stakeholder access to high quality facilities by making
available an unparalleled array of outdoor cultivation, downstream equipment, and laboratory
facilities. ATP3 includes testbed facilities at ASU’s Arizona Center for Algae Technology and
Innovation (AzCATI), and augmented by university and commercial facilities in Hawaii (Cellana),
California (Cal Poly San Luis Obispo), Georgia (Georgia Institute of Technology), and Florida (Florida
Algae). A primary objective for ATP3 is to facilitate access to the network’s expertise and facilities.
ATP3 aims to make significant advancements in the algal biofuels arena by promoting opportunities
through an open collaborative testbed network. Our regional testbeds are equipped to
accommodate activities across the algae value chain including strain selection and screening,
biomass production/analysis, testing and validation of cultivation systems, method development and
validation of analytical protocols and equipment, evaluation dewatering technologies, as well as
extraction of valuable microalgae co-products. In order to expand downstream processing research
efforts, improve results and increase stakeholder access, AzCATI has added two new instruments for
cell disruption to its testbed.
AzCATI recently (July 2014) acquired a new Pulsed Electric Field (PEF) Laboratory Unit
(PowerModTM, Diversified Technologies, Inc.). Using an older model PEF unit, AzCATI had
successfully demonstrated that processing facilitated the liberation of intracellular neutral lipids from
microalgae without the need to dry biomass or perform solvent-based extractions. This work
addressed two key limitations on existing extraction processes: processing cost and safety. The new
PowerModTM enables the examination of a broader range of microalgae processing treatments in
less time than the previous PEF unit (up to 40 kV/cm electric field strength and pulse widths from 045 µS). Spectrophotometric wavelength scans of pigments present in centrifuged post-treatment
supernatant were used to assess the efficiency of a wide range of PEF treatments. Pigment liberation
varied based on both microalgae strain and PEF conditions suggesting that cell wall composition and
thickness plays a key role in the liberation of intracellular components.
In addition to PEF, AzCATI has also worked on mechanical methods of cell disruption. Previous
work at AzCATI on a number of different algae has characterized the cell walls of many species of
microalgae and has demonstrated that microalgal cells can be disrupted under very high pressures
(>20,000 psi) using cell disruption equipment such as a laboratory French Press. Since the French
Press is only capable of small volumes, AzCATI recently obtained an M-110EH-30 Microfluidizer
Processor from Microfluidics to explore high through-put cell disruption. M-100EH-30 uses a
specialized pump to accelerate algal cells to greater than 500 m sec-1 at up to 330 mL/min and
pressures as high as 30,000 psi into a G10Z IXC diamond processing chamber, which generates very
high sheer forces that break cell walls apart. We observed nearly complete destruction of
Scenedesmus, Chlorella and various other microalgae, indicating that this equipment is capable of
complete disruption of many types of microalgae to liberate valuable intracellular contents.
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In addition to internal research, the PowerModTM and the Microfluidizer will be made available
to researchers outside of our testbed network to perform PEF and microfluidization work on
microalgae and other forms of biomass to examine the impact of cell membrane and cell wall
disruption on neutral lipid and pigment (phycocyanin and astaxanthin) liberation, as well as
facilitating biomass drying efforts by expelling intracellular water content. Proposed research
activities with the PowerModTM and the Microfluidizer at AzCATI will be reviewed on a case-by-case
basis. Biofuels based applications and research may be eligible for the ATP3 support project program
which provides for subsidized access to testbed activities.
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The overview of PEF industrial systems and applications
C. Siemer1, S. Toepfl2
1

ELEA Vertriebs- und Vermarktungsgesellschaft mbH, Prof. von Klitzing Str. 7, 49610 Quakenbrueck, Germany,
c.siemer@elea-technology.com
2

German Institute of Food Technologies (DIL e.V.), Prof. von Klitzing Str. 7, 49610 Quakenbrueck, Germany

By pulsed electric field (PEF) application an energy efficient permeabilization of plant, animal and
microbial cells is achieved. Since first reports in the 1960s many possible applications of the effect
termed as electroporation in food and bio-processing have been identified [1]. One of the main
applications is the inactivation of spoilage microorganisms in fresh products, such as juices. By this,
the shelf life can be extended without or with minor effects on the quality of the product, like taste
or vitamin content. Fresh juices have a shelf life of a few days, even under refrigeration. A
preservation step in the production chain is required to extend the shelf life. Mostly, thermal
processes are used, which causes a destruction of heat sensitive ingredients, such as vitamins. As PEF
is working with a less heat, the same microbial stability compared to the thermal process, can be
achived, but the quality is equal to the untreated product [2]. The principle is based on a rupture of
the cell membrane by the electric field causing cell death.
For some juice producers, a contamination with microorganisms termed as thermophilic
acidophilic bacteria (TAB), represents an important risk, as those microorganisms are resistant to
pasteurisation and can grow as well as germinate in acid products. Recently, it has been
demonstrated that the combination of PEF with moderate inlet temperatures of about 80 °C is a
good strategy to reduce the concentration of TAB in fruit and vegetable juices [3]. The thermal
assisted PEF treatment of carrot and orange juice results in a 4.8 and 3.7log cycles reduction of
Alicyclobacillus acidoterrestris spores, respectively.
The effect of porating a cell can also be used for disintegrating biological tissue in order to affect
different mass transport processes [4]. By opening the cells, the structure of the tissue can be
modified resulting in different effects, such as reduced drying time or increased extraction yield of
juice or valuable compounds, such as colorants. One of the main applications for PEF treatment of
solid material is the potato industry. The major trends in snack industry strive for healthy, simple and
natural products. For potato chips, fat replacer or oven baking is used to produce so called low fat or
light chips. A published study by Purdue University indicates that fat substitues may interfer with
body metabolic reactions leading to weight gain and increase of body fat [5]. The oil uptake in chips
depends on various product parameters, such as shape, and process conditions, like frying time.
These parameters can be influenced by PEF treatmet. The PEF induced Smooth cut™ allows
production of chips with a 25 % fat reduction without using fat replacer.
[1] Doevenspeck, H., Verfahren und Vorrichtung zur Gewinnung der einzelnen Phasen aus dispersen
Systemen. 1960: Germany.
[2] Toepfl, S., Heinz, V., & Knorr, D., “High intensity pulsed electric fields applied for food preservation,”
Chemical Engineering and Processing: Process Intensification, 46, 537–546, 2007
[3] Siemer, C.” Inactivation of bacterial endospores by application of Pulsed Electric Fields (PEF) in
combination with thermal energy”, PhD, Berlin, 2014.
[4] Siemer, C.; Toepfl, S.; Heinz, V., “Mass Transport Improvement by PEF - Applications in the Area of
Extraction and Distillation”. In: Distillation - Advances from Modeling to Applications, Ed: Sina Zereshki, InTech,
pp. 211–232, 2012.
[5] Swithers, Susan E.; Ogden, Sean B.; Davidson, Terry L.,” Fat substitutes promote weight gain in rats
consuming high-fat diets”, Behavioral Neuroscience, vol. 125, no. 4, pp 512-518, 2011.
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PEF systems for the food & beverage industry and the scientific sector

M. de Boevere
Pulsemaster bv - Rootven 24 - 5531 MB Bladel - The Netherlands

This presentation will review PEF systems of Pulsemaster for the food & beverage industry and the
scientific sector and will will provide an update on some of the current commercial applications. PEF
processing involves the application of microsecond high voltage pulses in the order of 10 to 60 kV.
The high voltage pulses applied induce pores in cell membranes, causing a loss of barrier function,
leakage of intracellular content and loss of vitality.
The Dutch company Pulsemaster combines years of unique experience with pulsed power
technology. The production facility is located in Bladel, The Netherlands. PEF technology meets
industry needs for natural and clean processes. Pulsemaster’s Conditioner has a focus on physical
processes to maximize the effect of your raw materials and to enhance food quality and safety.
Pulsemaster is specialized in pulsed electric field processing and aspires to apply this innovative
technology – also known as electroporation – to a broad spectrum of applications in the food
industry. Not only as a method for mild food preservation, but also as a means of improving process
efficiency and product quality.
Conditioner
Under the brand name Conditioner, Pulsemaster manufactures a range of industrial systems to meet
our customer’s production requirements. These turnkey solutions are fully integrated and modular
systems for either cell disintegration of solids or microbial inactivation of liquids.
Cell disintegration of solids
For cell disintegration applications a typical processing line consists of a transport system, a
treatment tank unit, a transformer unit and a pulse generator unit. Our range of systems for cell
disintegration of solids like fruit, vegetables, potatoes and meat allows processing capacities of 1 to
50 tons per hour (110,000 lb/h) per system . The belt transport systems are an optimum solution for
the treatment of potato tubers, roots, vegetables and fruits.
Microbial inactivation of liquids
For mild preservation of beverages and other (semi)liquids a typical processing line consists of a
supply tank, a fluid pump, a transformer unit, a pulse generator unit, a cooler (if required) and a
buffer tank. The capacities of our systems vary from 50 liters (14 US gallon) up to to 5000 liters (1320
US gallon) per hour per system. Flow, temperature, and energy delivery are constantly measured.
PEF systems for science and research
Pulsemaster manufactures a range of systems for science and research organizations, tailored to suit
specific research needs. The design of these tailor-made pulsed electric field systems is compact and
modular for easy integration and power upgrade.
Application
Pulsed electric field (PEF) technology induces poration of potato cells, leading to cell disintegration.
For example in French fry production, pulsed electric field systems are an excellent alternative for
traditional preheaters in the potato industry. PEF technology not only results in superior cut quality
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and better drying efficiency, but also improves the leaching of sugars. The pulsed electric field causes
tiny pores in the potato cell walls, also known as cell permeabilization, which facilitates sugar
leaching. This is good news for public health, because less sugar means less acrylamide formation
during baking or frying of potato products.
Potatoes are considered excellent conductors because they are uniformly solid, contain about 80
percent water and are rich in potassium. By permeabilizing cell membranes PEF enables tissue
softening and enhanced mass transport, resulting in improved cutting of potatoes, higher product
quality and increased process capacity. Osmotic pressure or turgor pressure in the cells (turgidity)
has been reduced by permeabilizing the cell membranes. Potatoes become more homogeneous with
pulsed electric field processing, evening the structure and resulting in the reduction of seasonal
variation.
Depending on the potato variety, appropriate field strengths range from 0.8 to 3.0 kV/cm and the
subsequent energy delivery goes from 0.2 to 1.5 kJ/kg.
As a result of PEF treatment potato cutting is improved, with smooth surfaces, sharp edges and
approximately 40% less cutting force for whole potatoes as main results. PEF technology enables
cutting at optimal product texture. French fries cutting at optimum product texture results in less
breakage and shattering, producing longer thin French fries. Improved cutting of crisps results in
smoother surfaces and less coloration. The subsequent reduced oil uptake and water retention leads
to crunchier crisps.
In potato mash production, pulsed electric field processing evens out the structural variations in
potatoes, resulting in a large reduction of the number and size of lumps and a smoother mash for a
better bite.
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PS01: Fast electrical characterization for assessment of pulsed electric fields
(PEF) action using time domain approach

U. Pliquett
Institut für Bioprozess- und Analysenmeßtechnik e.V., Heilbad Heiligenstadt, Germany

The action of PEF on cell based material is often not visible but its control for practical application
needs fast quantization [1]. An excellent indicator for cell membrane permeabilization is the passive
electrical behavior [2]. The change in electrical impedance due to high voltage application is too fast
for monitoring it by slow methods like impedance spectroscopy using step sine. Time domain based
methods are much faster because instead of excitation with a single frequency, the entire range
interest is applied at once. Typical excitation signals are step functions, chirp, pseudo random noise
or multisine. Especially for monitoring fast changes of electrical properties, step functions are
especially suited.
The advantages are the simple scalability, an easy generation and a straight forward data
reduction by non-uniform sampling. The often cited disadvantage of low signal energy at high
frequency is only partially relevant because high sampling rate at fast changing portions of the
measured signal guarantees a sufficient signal-to-noise ratio throughout the frequency range
determined by the sampling speed, the slew rate of the amplifiers used and the time duration of the
excitation signal. Although briefly looking at spectra of other signals suggests much better
performance, having a well-designed system from signal generation through sampling and processing
up to proper data mining shows the advantages of square wave excitation, especially if speed and
bandwidth is important.
Electrical properties are not only related to the integrity of cell membranes but also to the
conductivity of cell surrounding electrolytes and the water content of the material. While a narrow
frequency range between 10 kHz and 1 MHz is sufficient for assessment of membrane integrity,
conductivity of bulk electrolyte and water content need a frequency range from Hz up to several GHz.
Using single shot measurements with excitation signals as shot as one millisecond are suitable for
assessing a frequency range between 1 kHz and 10 GHz. Using sophisticated sampling regime will
ensure minimal data volume, fulfillment of Kotelnikov criteria and fast measurement with
millisecond time resolution.

[1] E. Vorobiev, N.I. Lebovka, “Pulsed electric fields induced effects in plant tissue: fundamental aspects
and prospectives of application”, In: Vorobiev E, Lebovka NI (eds) Electrotechnologies for extraction from food
plants, biomaterials. Springer, New York, 2008
[2] A. Angersbach, V. Heinz, D. Knorr, “ Electrophysiological model of intact and processed plant tissues:
cell disintegration criteria”, Biotechnol Prog 15:753–762, 1999
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PS02: A mathematical modelling approach towards understanding filtrationconsolidation behaviour of electroporated plant tissue: Effects of turgor loss
and electroosmosis
S. Mahnič-Kalamiza*1,2; D. Miklavčič2; E. Vorobiev2
1) Université de Technologie de Compiègne, Laboratoire Transformations Intégrées de la Matière Renouvelable,
BP 20529, 60205 Compiègne Cedex, France
2) University of Ljubljana, Faculty of Electrical Engineering, Laboratory of Biocybernetics, Tržaška c. 25, SI-1000
Ljubljana, Slovenia

In plant tissue, concurrent low pressure application at the moment of electroporation and
thereafter results in a rapid release of intracellular liquid, filtered through the extracellular matrix to
the tissue exterior. This rapid initial expression / consolidation kinetics can be modelled with the
recently developed dual-porosity model [1], however, at the initial stage of consolidation (first few
seconds to minutes), model parameters (either external pressure or hydraulic permeability of
extracellular matrix) have to be augmented in order to obtain good agreement with experimentally
obtained data.
We hypothesize that this fast kinetics can be attributed to either the release of turgor pressure
that can be seen as an additional compressive pressure, or to the electroosmotic flow, if not to both.
We intend to combine experimentally-validated mathematical models of turgor pressure relaxation
and electroosmosis to explain these observations.

Figure 1: Effect of turgor pressure relaxation on volume reduction. Four 1 cm thick sugarbeet slices (4
x 4 cm width x height). From left to right: no electroporation, electroporation at 250 V (per 1 cm
thickness), electroporation at 500 V, and at 1000 V. Pulses were rectangular, 100 µs in duration, 10
pulses were delivered in a train with period of 100 ms, four trains were delivered, and pause between
two consecutive trains was 5 seconds.

Preliminary experiments and model results indicate that turgor pressure relaxation importantly
influences expression kinetics in the first filtration-consolidation stage following electroporation. We
propose a mathematical model in analytical form to describe this pressure relaxation, and are
currently working on validating the model by experiment.
Contribution of electroosmosis is difficult to detect, and at present, results remain inconclusive
due to high variability of samples. Impact of electroporation on cell membrane permeability depends
on tissue conductivity (a function of local juice distribution and its ionic composition), on sample
geometrical properties, as well as on tissue anatomy. This results in poor repeatability of expression
kinetics, and specific experiments should be conceived to factor out this influence.
[1] S. Mahnič-Kalamiza, D. Miklavčič, and E. Vorobiev, “Dual-porosity model of mass transport in
electroporated biological tissue: Simulations and experimental work for model validation”, Innovative Food
Science and Emerging Technologies, Article in press, doi: 10.1016/j.ifset.2014.09.011.
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PS03: Kinetics of conductivity decrease after reversible
electropermeabilization of spearmint leaf, effects of the pulse variables and
measurement frequency

M. Fincan*1,; Ş. Yaşar1
1)Erciyes University, Department of Food Engineering, 38039 Kayseri, Turkey

% Conductivity [(intact-t/intact)x100]

Reversibility of spearmint leaf permeabilization influenced by the pulse variables was
investigated by analyzing the post treatment impedance at different frequencies. A small piece of the
leaf (1.6 cm²) with a conductive gel on the upper and lower surface was clamped between the
parallel stainless-steel electrode (gap of 0.06 cm), and the impedance response after the pulsed
electric field treatment (PEF) was monitored for 15 min using an LCR meter. The response was both
visualized at measurement frequencies of 1kHz, 2kHz and 4 kHz and quantified at 1 kHz versus the
alterations in field strength from 0.1-0.45 (kV/cm), pulse length 0.25-100(ms), pulse number, 3-15
and interpulse duration 0.1-10(s). From the data, the conductivity changes were defined and
modeled with a five-parameter exponential model,
and the model
coefficients were calculated versus the magnitude
of
each
pulse
variable.
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Figure 1. Change in spearmint leaf conductivity before and after PEF application corresponding to trains of 3
rectangular mono pulses at field strength of 100 V/cm with pulse length of 20ms and interpulse duration of 100ms. (Typical
responses at the different measurement-frequencies and AC signal level of 50mV shown)

Immediate conductivity decreases in reversible tissue permeabilization were often attributed to
pore resealing, osmotic swelling and ohmic heating [1, 2]. In our experiential conditions, this
response was found to be the most remarkable at measurement frequency of 1kHz (Fig.1) while the
PEF treatment of the frozen & thawed samples did not yield a significant conductivity decrease.
Moreover, the model coefficients were correlated differently with the pulse variables and were
further discussed as related to the characteristics of the reversible permeabilization of spearmint leaf
such as ionic leakage level during pore opening and short- & long-term resealing.

[1] P. Y. Phoon, F. G. Galindo, A. Vicente, and P. Dejmek, “Pulsed electric field in combination with vacuum
impregnation with trehalose improves the freezing tolerance of spinach leaves,” Journal of food engineering,
vol. 88, no 1, pp.144-148, 2008.
[2] M. Pavlin, M. Kandušer, M. Reberšek, G. Pucihar, F. X. Hart, and D. Miklavčič,“Effect of cell
electroporation on the conductivity of a cell suspension,” Biophysical journal, vol. 88,no 6, pp.4378-4390, 2005.
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PS04: Dependence of the Energy of Electric Pulse, Required to Electroporate
the Cell, on Pulse Duration for Pulses from 40 ns to 2 ms

G. Saulis*1,2; A. Bitinaite1,2; R. Saule1; V. Stankevic2; N. Zurauskiene2; S. Balevicius2
1) Department of Biology, Vytautas Magnus University, 44248 Kaunas, Lithuania
2) Laboratory of High Power Pulses, Institute of Semiconductor Physics, 01108 Vilnius, Lithuania

For successful implementation of the technology of food processing with pulsed electric fields
(PEF), it is important to know what particular electric treatment (pulse duration, field strength, etc.)
would require the minimum energy. Here, theoretical relationships between the energy of the PEF
treatment required to electroporate cells and pulse duration were obtained for pulses of different
shape.
Theoretical analysis has been made assuming that the pore formation is a random one-step
process [1]. Experimental data for square-wave electric pulse were obtained on human erythrocytes,
mouse hepatoma, and Chinese hamster ovary (CHO) cells. The fraction of electroporated MH-22A
and CHO cells was determined from the extent of the release of intracellular potassium ions [2] and
erythrocytes -- from the extent of their hemolysis after 20-24 h-incubation in 0.63% NaCl solution at
4 oC [3]. These dependences were determined for pulses with the duration from 40 ns to 2 ms and
pulse amplitudes from 0.2 to 100 kV/cm [2].
Theoretical dependencies are in agreement with experimental ones: the longer the pulse, the
lower the electric field strength is required to electroporate the cells. This dependence is much
human erythrocytes increased from 1.0 to 1.76 kV/cm, when the duration of a square-wave pulse
was reduced from 2 ms to 20 μs, and from 3 to 65 kV/cm, when the pulse length was reduced from
950 to 40 ns.
increases
with increasing the pulse length. There exists a minimum of the PEF treatment energy situated in the
range of 0.1-22A cell

[1] G. Saulis, “Kinetics of pore formation and disappearance in the cell during electroporation,” in
A. G. Pakhomov, D. Miklavcic, and M. S. Markov (Eds.) Advanced Electroporation Techniques in Biology and
Medicine. CRC Press, Boca Raton, pp. 213–238, 2010.
[2] G. Saulis, S. Šatkauskas, and R. Pranevičiūtė, “Determination of cell electroporation from the release of
intracellular potassium ions,” Anal. Biochem., vol. 360, pp. 273–281, 2007
[3] G. Saulis, R. Saule, A. Bitinaite, N. Zurauskiene, V. Stankevic, S. Balevicius, “Theoretical analysis and
experimental determination of the relationships between the parameters of the electric field pulse required to
electroporate the cells,” IEEE Trans. Plasma Sc., vol. 41, pp. 2913–2919, 2013.
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PS05: Pulsed electric field (PEF) assisted extraction of valuable compounds
from microalgae C. vulgaris

G. Pataro1*, M. Goettel2; C. Eing2; C. Gusbeth2; R. Straessner2; M. Falcone3; G. Ferrari1,3;
W. Frey2
1) Department of Industrial Engineering, University of Salerno, via Giovanni Paolo II 132, 84084 Fisciano (SA),
Italy
2) Karlsruhe Institute of Technology (KIT), Institute for Pulsed Power and Microwave Technology (IHM), 76344
Eggenstein-Leopoldshafen, Germany
3) ProdAlScarl – University of Salerno, via Ponte don Melillo, 84084 Fisciano (SA), Italy

In recent years the cultivation and exploitation of Microalgae biomass has stimulated intensive
research due both to its high productivity, when compared to agriculturally grown biomass, and the
large relative content of more than 50% of valuable cell components, like lipids, proteins,
polysaccharides, antioxidants, vitamins and pigments (Goettel et al., 2013; Luengo et al., 2014).
However, the extraction of these compounds is limited by the mass transfer of these compounds
through cell membranes. In this frame, thanks to the reduction of the resistances to mass transfer
due to the induced permeabilization of plant cells, Pulsed Electric Field (PEF) technology can be used
as a pre-treatment of concentrated microalgae suspension in order to enhance the extraction yield of
valuable compounds (such as antioxidants and colorants) from the inner parts of the cells (MahničKalamiza et al., 2014). In this work the effect of different PEF treatment intensity on the extraction of
valuable compound from microalgae Chlorella Vulgaris was investigated. Culture of C. vulgaris strain
inoculated in TAP-medium, were cultivated in batch 26 L photo-bioreactor. Growth conditions were
monitored by OD measurements at 750 nm. The algae were harvested after 18-24 days and
concentrated up to a final biomass concentration of about 40-50 gdw/kgsus.
PEF experiments of different intensities (E=27-35 kV/cm, and WT=50-100-150 kJ/kg) were carried
out in a laboratory scale continuous flow unit. Determinations of time-conductivity profile as well as
quantification of dry matter, protein content, total polyphenolics (TP), and antioxidant activity (AA)
of the supernatant were performed. Results showed a higher increase of the electrical conductivity
of PEF treated suspension, when compared to the untreated sample. Moreover, the PEF treatment
increased the dry matter content as well as the amount of proteins released into the supernatant
from inside the algae cells. Additionally, increments of total phenolics and antioxidant activity were
also detected. The results obtained from this study demonstrate the potential of PEF for improving
extraction of compounds of interest from the microalgae C. vulgaris.

Keywords: PEF, Microalgae, C. vulgaris, Extraction, protein, carbohydrate, bioactive compounds
[1] M. Goettel, C. Eing, C. Gusbeth, R. Straessner, and W. Frey,“Pulsed electric field assisted extraction of
intracellular valuables from microalgae,” Algal Research, vol. 2, pp. 401–408, 2013.
[2] E. Luengo, S. Condon-Abanto, I.Alvarez, and J.Raso,“Effect of Pulsed Electric Field Treatments on
Permeabilization and Extraction of Pigments from Chlorella vulgaris”, J. Membrane Biol., DOI 10.1007/s00232014-9688-2, 2014.
[3] S.Mahnič-Kalamiza, E. Vorobiev, andD. Miklavčic,“Electroporation in Food Processing and Biorefinery”,
DOI 10.1007/s00232-014-9737-x, 2014.
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PS06: Extraction of phenolic compounds from bilberry by-products left after
pulsed electric field (PEF) assisted juice production

R. Bobinaitė*1; G. Pataro2; N. Lamanauskas3; S. Šatkauskas1; C. Bobinas3; G. Ferrari2,4
1) Vytautas Magnus University, Department of Biology, LT-44248 Kaunas, Lithuania
2) University of Salerno, Department of Industrial Engineering, 84084 Fisciano (SA), Italy
3) Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry, LT-54333 Babtai,
Kaunas reg., Lithuania
4)

ProdAlScarl – University of Salerno, 84084 Fisciano (SA), Italy

By-products (press cake) resulting from PEF assisted juice production might still be exploited for
recovery of valuable compounds. Therefore, the aim of this work was to investigate the effect of PEF
pre-treatment of bilberry fruits on the recovery of phenolic compounds from the press cake left after
the juice pressing. Mechanical pressing was used for juice extraction. The experiments were carried
out at constant pressure (1.32 bar) using a lab-designed pressing chamber. PEF pre-treatments of
constant electric field strength (3kV/cm) and varying specific energy (1-10 kJ/kg) or varying electric
field strength (1-5 kV/kcm) and constant specific energy (10 kJ/kg) were applied to fresh bilberries
prior to their pressing. Then the press cake left after the juice production was subjected to further
extraction with acidified aqueous ethanol for 24 hours at ambient temperature. The total phenolic
content of the extracts was determined using the Folin-Ciocalteu method [1]. The antioxidant activity
of the extracts was tested using the FRAP assay [2].
Significantly higher amounts of total phenolics were extracted from the press cake of PEF-treated
bilberries. The content of phenolic compounds extracted from the press cake of untreated (control)
berries was 942 mg/100 g. The application of a PEF pre-treatment at 1, 3 and 5 kV/cm and constant
specific energy yielded an increase in total phenolic content by 36%, 63% and 89%, respectively.
When PEF pretreatment of constant electric field strength but varying energy input was applied to
berries the total phenolic content in the press cake extracts was 58%, 56% and 63% higher for 1, 5
and 10 kJ/kg energy input, respectively. The PEF pre-treatment also resulted in significantly higher
ferric reducing antioxidant power of the press cake extracts. In comparison to the control extract,
PEF pre-treatments of berries at 1, 3 and 5 kV/cm increased the FRAP values of their press-cake
extracts by 44%, 71% and 80%, respectively. Similarly, FRAP of press cake extracts obtained from
PEF-treated bilberries at fixed electric field but varying energy input was from 40% (1 kJ/kg) to 71%
(10 kJ/kg) higher.
The results obtained from this study demonstrate that PEF pre-treatment of bilberries at higher
intensity, both in terms of higher electric field strength or higher specific energy at fixed electric field
strength resulted in better extractability of phenolic antioxidants from bilberry press cake left after
the juice pressing. However, the increase in electric field strength had stronger impact on the
extraction efficiency than the increase in delivered specific energy.
[1] V. L. Singleton, R. Orthofer, and R. M. Lamuela-Raventos, “Analysis of total phenols and other
oxidation substances and antioxidants by means of Folin-Ciocalteu reagent,” Method. Enzymol., vol. 299, pp.
152–178, 1999.
[2] I. F. Benzie, and J. J. Strain. “The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant
power”: the FRAP assay,” Anal. Biochem., vol. 239, no. 1, pp. 70–76, 1996.
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PS07: Influence of Moderate Electric Fields (MEF) on blanching and extraction
of bioactive compounds of pigmented potatoes (Solanum tuberosum L.)

R. M. Rodrigues1*, J. A. Teixeira1, A. A. Vicente1 and R. N. Pereira1
1) University of Minho, Center of Biological Engineering (CEB), Braga, Portugal
* ruirodrigues@ceb.uminho.pt

The extraction of bioactive compounds has gained interest in the last years for their application
in food and pharmaceutical industries. Alternative technologies and “green” extraction methods are
attracting research and industrial attention in order to maximize extraction efficiency and minimize
costs as well environmental impact. Application of moderate electric fields (MEF) technology has
been claimed to create novel applications in food and bioprocess industries, showing the ability to
affect permeability on cell membrane and increase solute diffusion [1,2]. Solanum tuberosum L. var.
Vitelotte, is a colored potato variety with blue skin and violet flesh widely used for human
consumption. The pigments responsible for its color belong to the class of anthocyanins and have
been reported to have antioxidant and antimicrobial activity [3]. This study aims at evaluating MEF
effects during potato blanching and further extraction using water as solvent. Potato samples were
placed in a static ohmic heater and heated at 90 °C for 5 minutes, either conventionally or by MEF at
the same heating rates. Alternatively instantaneous MEF heating was applied, taking the sample
from 20 °C to 100 °C in ≈1 second (no holding time). Extracted anthocyanin and total phenolic
compounds were determined after blanching and during subsequent aqueous extraction. The results
were normalized against disrupted samples (through freezing and smashing procedures) in order to
get maximum anthocyanin content.

Figure 1: Extraction yields of anthocyanin during thermal treatments ( ) and aqueous extraction ( ) for different
treatments (a,) and cell rupture induced by MEF treatment (b).

In Figure 1a are presented the anthocyanin extraction yields in blanching and subsequent
extraction step for the different treatments and in 1b a cell disrupted by MEF treatment (arrow
indicating leaked cellular content with anthocyanin). Results show higher extraction yields of
anthocyanins, and similar ones to total phenolic compounds (not shown), during the blanching and
extraction steps when MEF treatment is applied. In the case of MEF instantaneous treatment
extraction during blanching was lower but rather significant taking in to account the extremely short
treatment time; in the subsequent extraction step the yield was significantly higher, achieving a total
yield intermediate of the other treatments. Microscopy supports the extraction results, suggesting
higher cell wall damage during MEF application. For instantaneous MEF a total cell destruction was
observed along with unprocessed areas, suggesting a more aggressive but less uniform processing.
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MEF treatments induce higher permeabilization of the cells resulting in higher extraction yields in
the same thermal conditions. Additionally its capability to apply high heating rates with a precise
temperature control, along with putative electroporation effects in cell tissues, due to the presence
of an electric field, present an interesting solution as a processing technology in biorefinery systems.
[1] I. SENSOY AND S.K. SASTRY, “Extraction Using Moderate Electric Fields” JOURNAL OF FOOD SCIENCE , Vol. 69, Nr.
1,pp. 7-13, 2004
[2] Suzanne A. Kulshrestha, Sudhir K. Sastry, “Low-frequency dielectric changes in cellular food material from ohmic
heating: Effect of end point temperature” Innovative Food Science and Emerging Technologies 7, pp. 257–262, March 2006.
[3] P. Bontempo et al., “Antioxidant, antimicrobial and anti-proliferative activities of Solanum tuberosum L.
[4] Var. Vitelotte”, Food and Chemical Toxicology 55 (2013) 304–312

41

Poster Session

PS08: Reasons of Cytotoxicity of the Cell Culture Medium
Treated with High-Voltage Pulses
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When the cell suspension is treated by high-voltage electric pulses, various electrochemical
reactions occur. One of the effects caused by these reactions is cytotoxicity of the medium treated by
high-voltage pulses. Here, the plausible reasons of this cytotoxicity have been investigated.
Experiments were performed with mouse hepatoma MH-22A, rat glioma C6, and Chinese
hamster ovary (CHO) cells. Influence of the metal ions (iron, aluminum, chromium, nickel) as well as
reactive oxygen species (ROS) on the viability of cells has been studied in vitro.
The cells were grown in 25 cm2 (60 ml) flasks at 37 oC and 5 % CO2 in a water-jacketed incubator.
When cells reached confluence, they were trypsinazed and resuspended in a minimum essential
medium Eagle at a concentration of 1×106 cells/ml. The cells were seeded into 40 mm-diameter Petri
dishes (≈ 300 cells) containing 2 ml of the culture medium pretreated with an electric pulse or
supplemented with various amounts of FeCl3, FeCl2, AlCl3, K2Cr2O7, sodium salt of hypochlorous acid
(NaOCl), or hydrogen peroxide (H2O2). The cells were incubated for 20 min, 1 hour, or 6–10 days and
the cell viability was determined by means of a colony-forming assay [5].
The medium treated by a high-voltage pulse is highly cytotoxic. When using stainless-steel
electrodes, only 50–60% of mouse hepatoma MH-22A cells and Chinese hamster ovary (CHO)
survived in the medium pre-treated with the pulse of the amplitude of 0.5 kV/cm and the duration of
500 μs. All cells died in the medium treated by a single electric pulse with the duration of 2 ms and
the amplitude of just 0.2 kV/cm.
The decrease in cell viability can be caused by the metal ions released from the electrodes as well
as ROS created due to exposure of the medium by high-voltage pulses. To access the influence of the
metal ions and ROS on the cell viability, first, the amount of the ions released from stainless-steel
electrodes and ROS generated in the medium due to the action of square-wave electric pulses was
determined. The concentration of iron ions increased with increasing the intensity of an electric
treatment and exceeded 0.5 mM for a pulse with the duration of 2 ms and the amplitude of
1.2 kV/cm. The concentration of hydrogen peroxide reached 1-2 μM. When the concentration of Fe3+
ions in the medium was 0.5 mM, the cell viability was reduced by more than 20 %. In the culture
medium supplemented with 2 mM of Fe3+ ions, more than 95 % of mouse hepatoma MH-22A cells
died. None of the mouse hepatoma MH-22A cells have survived in the medium pretreated by a single
square-wave electric pulse with the duration of 2 ms and the amplitude of 1.2 kV/cm. Thus, the iron
ions released from the stainless-steel anode were not the only cause of the cell death.
Aliuminium ions were less cytotoxic than iron ions. When the concentration of Al3+ ions in the
medium was 5 mM, the cell viability was reduced by only 30 %. The results obtained show that both
hypochlorous acid in the concentrations over 100 μM and hydrogen peroxide in the concentrations
over several μM affect the viability of CHO and MH-22A cells and can be contributors in cytotoxicity
of the cell culture medium treated by high-voltage pulses.
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N. Lamanauskas*1,2; R. Bobinaitė1,2; P. Viškelis2, Č. Bobinas2, S. Šatkauskas1
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Babtai, Kaunas distr., Lithuania.

Food industry main products as well as residues could be used in biorefinery. One of food
products or their residues processing mode is drying. The most common drying method of food
products is hot air drying [1]. Hot air drying of several fruit types (apple, pear, banana) are well
described methods [1, 2]. However, the method shows long drying time and low energy efficiency.
Therefore, quality parameters, such as nutrients, colour or flavour texture are compromised [1].
Increased drying temperature would decrease drying time, but it would decrease vitamin C or other
valuable compound concentration [3]. There are other less common drying methods, such as freezedrying (lyophilization), infrared drying, microwave drying etc. However, they also face similar
problems. Some fruits, which have quite firm skin, need especially long drying time. One of such fruit
is Aktinidia kolomikta (Maxim. & Rupr.) Maxim fruit.
Pulsed electric field (PEF) is a new non thermal processing tecnology, based on short duration (μs
to ms range) and high voltage (1-10 kV/cm) treatment, allowing increased water and mass transfer
from the cells. PEF pretreatment could be used prior to drying. It was shown that the weight
difference of A. Kolomikta fruits between PEF pretreated and untreated fruits was 13 % after 3 hours
of drying [4].
The aim of this study was to evaluate the influence of PEF pre-treatment on drying with hree
different drying methods: freeze-drying (lyophilization), fluid bed hot air and infrared drying. A.
kolomikta fruits were chosen as a model. The moisture loss and color coordinates were analyzed.
PEF pre-treated (5 kV/cm, 20
after 20 hours of freeze-drying, 13 % higher after 3 hours of hot air drying, and 6 % higher after 30
min of infrared drying, when compared to the respective controls. In the CIELAB color scale, after PEF
pretreatment L* color coordinate, measuring lightness, was also changed. For PEF pre-treated vs.
control conditions L* was 42.0 vs. 34.3 for infrared heating, and 66.7 vs 41.8 for freeze-drying, while
after hot air drying L* was unchanged.
In conclusion, PEF pre-pretreatment accelerated drying process of A. kolomikta fruits when
applying all three drying methods. The effect of PEF-pretreatment on drying rate was mostly
pronounced for the freeze-drying, which is shown in the picture.
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Influence of PEF pretreatment for freeze -drying of A. Kolomikta fruit

This work was supported by the grant SVE-08/2014 from the Research Council of Lithuania.

[1] M. Maskan, “Drying, shrinkage and rehydration characteristics of kiwifruits during hot air and
microwave drying,”. J. Food Eng., vol. 48, pp. 177–182, 2001.
[2] C.T. Kiranoudis, E. Tsami, Z.B. Maroulis and D. Marinos-Kouris, “Drying kinetics of some fruits,” Drying
Technol., vol. 15, pp. 1399–1418,1997.
[3] A. Kaya, O. Aydin and S. Kolayli, “Effect of different drying conditions on the vitamin C (ascorbic acid)
content of Hayward kiwifruits (Actinidia deliciosa Planch),” Food Bioprod. Process., vol 88, pp. 165-173, 2010.
[4] N. Lamanauskas, S. Šatkauskas, R. Bobinaitė and P. Viškelis, “Pulsed Electric Field (PEF) Impact on
Actinidia kolomikta Drying Efficiency,” J. Food Process Eng., 2014, in press.
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from cells in vitro
V. Rajeckaitė; A. Rafanavičius; B. Jakštys; S. Šatkauskas*
Biophysical research group, Vytautas Magnus University, Vileikos 8, Kaunas, LT-44404, Lithuania

Cell plasma membrane is selectively permeant to exogenous and intercellular molecules. Using
high voltage electric fields this selectivity can be modified due to cells membrane electroporation.
This allows facilitated transfer of various intracellular or exogenous molecules through plasma
membrane [1]. Nowadays pulsed electric field (PEF) inducing cell electroporation applications are
being used for food processing, biomass transformation, pasteurization and for extraction of
bioactive compounds. Although much progress has been done in elucidating the mechanisms of
bioactive molecules extraction from various tissues it is not clear how electric pulse parameters are
associated with extraction of large molecules, like proteins in comparison small ones. In our study we
employed PEF application on cells in vitro aiming to elucidate PEF parameter dependences of the
extraction of large and small molecules.
According to necessity of in vitro research we approached experiments of extraction of two
different size intercellular molecules such as calcein (MW=622.53) and small luciferase Tluc
(MW≈15.7 kDa). Calcein containing cells were prepared by incubating cells with Calcein AM. For
extraction of Tluc luciferease we used cells that were stably transformed to express TLuc. Applying
different number of short duration electric pulses to cells (1200 V/cm, 100 µs, 1Hz) we determined
the efficiency of extraction from cells by measuring fluorescence variation of calcein contained cells
by using flow cytometry. Tluc luciferase extraction was evaluated by measuring luminescence of the
electroporation medium after treatment of Tluc containing cells.
Figure 1. Calcein extraction efficiency in
dependence of electric pulse numner. Electric
pulse specifications: 1200V/cm, 100µs, 1Hz.
Cells concentration: 0,09x106 cells in 50µl.
Each column represents mean, n=2.

Results in Fig. 1 represent that
electroextraction efficiency of small intercellular molecule as calcein, from CHO cells is highly
dependent on number of electric pulses. Similar dependence, however to less efficiency is obtained
for extraction of large Tluc luciferase. Since cell viability after cell treatment with 9 pulses decreases
by about 35 % it shows that electroextraction can be compatible with preservation of cell viability.
More will be discussed on the other PEF conditions affecting efficiency of the extraction of small and
large molecules.
[1] E. Vorobiev, N. I. Lebovka, “Extraction of intercellular components by pulsed electric fields”, Pulsed
Electric Fields Technology for the Food Industry, Food engineering series, pp. 153-193, 2006.
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Rapeseed (Brassica napus) has traditionally been grown for the production of animal feed and
vegetable oil for human consumption. During the oil rapeseed production process, high amount of
rapeseed hulls are produced but still have limited uses. Rapeseed hulls contain significant level of
lignin (17%), cellulose (33%) and hemicelluloses (19%). The use of these residues as raw material for
ethanol and other chemicals production has been reported [1]. Delignification is a key step for using
rapeseed residues in these processes because of the recalcitrance of cellulose and the physicochemical barrier formed by both lignin and hemicelluloses. To improve the accessibility of enzymes
to cellulose different pre-treatment methods have been proposed (Organosolv, soda, …)[2]. A
severity factor has been associated with these treatments to correlate the cooking temperature,
time and catalyst used in the process. To decrease the severity factor, physical pretreatments such as
microwave have been proposed. Microwave treatment induces “hot spots” that disrupt the cellular
structure and improve the disintegration of the fibre. The objective of this study is to investigate the
effect of the microwave pretreatment to extract lignin from rapeseed hulls.
Microwave pretreatment experiments were performed in a Milestone reactor (NEOS-GR,
Microwave Gravity Station, Shelton, United States) that delivers a maximum power of 900 W. Prior to
microwave treatment, 10 g of hulls were weighed and suspended with either 2% sulfuric acid (H2SO4)
or 2 % hydroxide sodium (NaOH) solution to get suspensions with different liquid to solid ratios (10 –
40, w/w). The microwave treatment was carried out at 900 W, for various durations (10–60 min with
a preheating time of 1 min). The corresponding treatment energies were 5625-33750 kJ/kg. Control
experiments corresponded to conventional heating at the same temperature/duration/ratio but
without microwave. Lignin content was determined by the Lignin Klason method and delignification
yield was calculated as compared to the initial lignin content of the raw material.
Results have shown that microwave pretreatment allows increasing the delignification yield as
compared to the control extraction. Besides, the process was more suitable for pretreating biomass
before chemical treatment. Combined pretreatment with microwave effects have shown great
advantages on increasing delignification yields and decreasing treatment severity compared to that
without microwave effect. Further studies are still required to optimize the microwave treatment
with lower treatment energy.

[1] A. Zabaniotou, O. Ioannidou, and V. Skoulou, “Rapeseed residues utilization for energy and 2nd
generation biofuels”, Fuel, Issue 8-9, Volume 87, pp. 1492-1502, 2008.
[2] S. Behera, R. Arora, N. Nandhagopal, and S. Kumar, “Importance of chemical pretreatment for
bioconversion of lignocellulosic biomass”, Renewable and Sustainable Energy Reviews, no. 36, pp. 91–106,
2014.
“This work was performed, in partnership with the SAS PIVERT, within the frame of the French Institute for the Energy
Transition (Institut pour la Transition Energétique (ITE) P.I.V.E.R.T. (www.institut-pivert.com) selected as an Investment for
the Future (“Investissements d’Avenir”). This work was supported, as part of the Investments for the Future, by the French
Government under the reference ANR-001.”

46

Poster Session

PS12: Effect of phenolic compounds on the structural properties of model
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Many phenolic compounds of plant origin have an antimicrobial effect, are very effective
chelators of metal ions and powerful antioxidants. In addition to specific effects, the antioxidant
activity of phenolics, results in reduced oxidation of biologically important molecules and
consequently has a beneficial effect on health. The focus of our research has recently been turning
primarily to the study of the interactions of phenolic acids and flavonoids (catechin, epicatechin,
epigallocatechin, epigallocatechin-3-gallate, quercetin), which are known constituents of fruits,
vegetables, wine and green tea extracts and synthetic antioxidant butylated hydroxytoluene with
membranes. Large unilamellar vesicles (ULV) were used to follow changes in membrane fluidity
induced by selected phenolics by electron paramagnetic resonance (EPR), fluorescence anisotropy
and differential scanning calorimetry (DSC). From the line-shape of the EPR spectra ordering and
dynamics of phospholipids alkyl chains were estimated. With both methods we obtained comparable
results. Addition of tested phenolic compounds to the ULV increased the ordering and decreased
dynamics of phospholipids alkyl chains. This means that the membranes became less fluid. In
contrast, the addition of the antioxidant BHT to the ULV decreased the ordering and increased
dynamics of phospholipids alkyl chains. Membrane became more fluid. The largest effect was
obtained by quercetin and epigallocatechin-3-gallate, although relatively hydrophilic compounds. We
believe that in both cases, conversion occurred just below the surface of the liposome membrane.
Additionally, DSC results show that epigallocatechin-3-gallate, in addition to BHT, have the highest
impact on the thermodynamic profile of gel-to-liquid phase transition of DPPC liposome. Both
compounds can form a number of hydrogen bonds with the hydrophilic parts of phospholipids and
therefore the dynamics of movement of the alkyl chain decreased. We discuss the implications of our
results for understanding the mechanism of interaction of phenolic compounds with biological
membranes.
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Rapeseed stem is a green biomass feedstock containing valuable compounds such as polyphenols
and proteins which can be used for animal feed and human consumption (Ucar et al. 2008). This
work aims to study the effect of pulsed electric fields (PEF) on the valuable compound extraction
from rapeseed stems.
Rapeseed stems (diameter, d = 6 mm, thickness, h = 10 mm) were pretreated by PEF at different
intensities (E = 5 - 20 kV/cm) and durations (tPEF = 0.5 - 4 ms). The temperature elevation during PEF
pretreatment did not exceed 5 °C. Then the electropermeabilized stems were recovered for diffusion
or pressing. The diffusion was conducted using distilled water as solvent (solid to liquid ratio: 1:8) for
1 hour. The temperature of diffusion was kept at 20 °C. These conditions were optimized in our
previous study and permit obtaining relatively high polyphenol and protein extraction yields.
Compared to untreated tissue, PEF pretreatment at 5 kV/cm for 2 ms permitted increasing the
polyphenol extraction yield (from 23.2 % to 96.0 %) and the polyphenol purity (from 57.0 % to
83.6 %). The protein extraction yield remained nearly unchanged after PEF pretreatment.
Pressing of rapeseed stems was conducted under different pressures (P = 2 - 20 bar) after PEF
pretreatment. The optimal treatment parameters were found: E = 8 kV/cm, tPEF = 2 ms, P = 10 bar.
Compared to untreated tissue, PEF pretreatment permitted increasing the juice yield from 34.7 % to
84.4 %. Significant increase in polyphenol extraction yield (76.7 %) and in protein extraction yield
(36.5 %) were also observed after PEF pretreatment.
In conclusion, PEF enhanced diffusion and pressing are two non-thermal methods for valuable
compound extraction from rapeseed stems. In addition, PEF enhanced diffusion at 5 kV/cm induced
selective extraction of polyphenols, which helps to improve the nutritional value and facilitate the
subsequent purification steps. The main advantages of PEF enhanced pressing were related with the
time-saving (20 min) and solvent-free extraction of valuable compounds with high yields.
“This work was performed, in partnership with the SAS PIVERT, within the frame of the French Institute for
the Energy Transition (Institut pour la Transition Energétique (ITE) P.I.V.E.R.T. (www.institut-pivert.com)
selected as an Investment for the Future (“Investissements d’Avenir”). This work was supported, as part of the
Investments for the Future, by the French Government under the reference ANR-001.”

[1] S. Ucar, and A. R. Ozkan, “Characterization of products from the pyrolysis of rapeseed oil cake,”
Bioresour. Technol., vol. 99, no. 18, pp. 8771–8776, 2008.
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An electric discharge roughly refers to the establishment of an electric current in a dielectric
media. The media can be a gas as well as a liquid. However, electric discharges in liquids have specific
properties which make them suitable for number of applications, like water decontamination,
destruction of kidney stones, sonar and biomolecules extraction [1] . Underwater electric discharge
has revealed to be a very efficient and cost saving mean to extract biomolecules from dry raw
material. It results on the structural and cellular damage allowing the release of intracellular
compounds. In particular, electrical discharges have been successfully applied to grape by-products
[2] and oilseeds residues [3].
Physical phenomena leading to an electric discharge are well known for discharges in gases.
When a high voltage is applied between two electrodes, if the electric field is high enough, a
conductive channel propagates through the gas, from one electrode to the other. In the most
common case of a positive high tension applied to the anode, the propagation of the conductive
channel is really the propagation of a space charge which ionize the media in it's path through
electron avalanches. This process is called "streamer" [4]. In liquids, the propagation of the
conductive canal is based on the same principles, but it is much less well described, partly because it
implies phase transition (from liquid to gas) [5].
When a conductive channel is established between the electrodes, the discharge rapidly evolves
into an electric arc. This implies a very quick (~few ns) increase in both temperature, conductivity and
thus in electric current. In liquid, the transition to an electric arc leads to important physical and
chemical phenomena. For example, energetic radiations (V-UV) are produced, leading to many
chemical reactions, especially oxidation reactions through the formation of hydrogen peroxide and
hydroxyl radicals [6].
A strong shock wave is also produced at the time of transition to an electric arc. The very fast
increase in temperature in the arc implies a very fast increase of pressure in the thin vapor channel
surrounding the arc. The shock wave can reach a few thousand bars in the vicinity of the discharge
and is thought to be responsible of raw material fragmentation [7]. The shock wave is followed by a
rarefaction wave in which the pressure can drop below the vapor pressure of water. These
conditions lead to the apparition of very short-lived cavitation bubbles, which will collapse after a
very short time. The extremely fast compression of the gas inside the bubble leads to a shock
pressure which can theoretically reach very high pressure [8]. It is thought that these shock waves
are responsible for cell lysis in electric discharge driven biomolecules extraction.
All these phenomenon are complex and not yet totally understood. However, underwater
discharges have a great application potential and there is a large scope for improving this technology.
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[1] B. R. Locke, M. Sato, P. Sunka, M. R. Hoffman, J. -S. Chang, "Electrohydraulic Discharge and Nonthermal
Plasma for Water Treatment", Ind. Eng. Res., 2006
[2]
N. Boussetta, E. Vorobiev, V. Deloison, A. Falcimaigne-Cordin, J.-L. Lanoisellé, "Valorization of
grape pomace by the extraction of phenolic antioxidants: application of high voltage electrical discharges.", Food
chemistry, 2011
[3] C. Gremy-Gros, J.L. Lanoisellé, E. Vorobiev, "Application of high-voltage electrical discharge for the
aqueous extraction from oilseed and other plants", Food engineering series, 2008
[4] E. Marode, F. Bastien, M. Bakker, "A model of the streamer-induced spark formation based on neutral
dynamics", J. Appl. Phys. 1979
[5] J.S. Chang, K. Urashima, Y. Uchida, "Characteristics of Pulsed Arc Electrohydraulic Discharge and their
Application to Water Treatment.", Res. Rep. Tokyo, Denki Univ., 2002
[6] A.K. Sharma, B.R. Locke, P. Arce, W.C. Finney, "A preliminary study of pulsed streamer corona discharge
for the degradation of phenol in aqueous solutions.", Hazardous Waste & Hazardous Materials, 1993
[7] E.A. Martin, Experimental Investigation of a high energy density, high pressure arc plasma.", J. Appl. Phys.,
1960
[8] A.J. Coleman, J.E. Saunders, L.A. Crum, M. Dyson, "Acoustic cavitation generated by an extracorporeal
shock wave lithotripter", Ulstrasound Med. Biol., 1987

“This work was financially supported by the european fund for regional development (FEDER) and the Picardie
region (Picardie, France). The authors appreciate the financial support from PICARDIE and FEDER.”
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Flaxseed oil can be potentially used in the prevention of cardiovascular diseases, reduction of
serum cholesterol, pallet aggregation and inflammatory markers, acting as antioxidant and improving
glucose tolerance. Most of observed positive effects and preventive properties have been attributed
to high α-linolenic fatty acid content. Cold press extraction of flaxseed oil requires high pressures, but
gain small yields, thus many other additional treatments were used to gain more oil – super critical
extraction, ultrasound, etc.
In our study we examined the impact of pulsed electric fields – PEF on flaxseed oil extraction. We
grounded seeds and let them cool prior to extraction. Water (10 % w/w) was added, to obtain better
conductivity of the media. Flax seeds were treated with PEF at the start of press extraction. For
further chemical analyses we used oil obtained with optimal PEF conditions (2 kV/cm, 100 µs,
120 pulses, at 1 Hz) pulse repetition frequency.
Application of PEF to ground flax seeds increased yield by 14.55 %, compared to a control. Oil
obtained by PEF showed higher antioxidant activity as determined by DPPH assay. As it was
demonstrated before, DPPH almost exclusively reacted with in oil present tocopherols mostly by γtocopherol. Based on these results, we can assume that there is higher tocopherol concentration in
oil obtained by PEF. Oil sample was additionally analyzed by gas chromatography to obtain fatty acid
composition. PEF treated oil had higher concentration of α--linolenic fatty acid – 50.4 % compared to
41.7 % in control sample. Use of PEF did not have negative effects on peroxide value of the oil as it
remained similar to the control. Therefore, PEF could be an appropriate technic to improve flaxseed
yield and increased nutritional value of oil, due to increased concentration of α--linolenic fatty acid
and tocopherols.
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Grape pomace is a non-expensive source of valuable compounds, which can be recovered by
solvent extraction and following pressing. Pressing can be intensified through tissue heating [1],
which can be electrically induced [2] leading to both electroporation of cell membranes and thermal
softening of tissue. In this work, the combination of pressing and moderate ohmic heating were used
after the solvent extraction for grape pomace dehydration and phenolic compounds recovery. The
kinetics of juice release was followed throughout the pressing (P = 6 bar, 20°C, 30 min) and
subsequent ohmic heating (U = 100V, f = 50Hz, rectangular wave, duty cycle = 50%, 30 min) at
different temperatures (20 - 65°C). The dry matter was determined after 30 min of pressing and 30
min of additional ohmic heating, by the measurement of the mass of grape pomace before and after
drying the samples at 105 °C overnight. The quantification of phenolic compounds and the
quantification of anthocyanins in the extracts were performed by Folin Ciocalteu method and by
HPLC, respectively.

Figure 1: Kinetics of juice release during the pressing and ohmic heating of grape pomace (insert
shows the final anthocyanins recovery at different temperatures (Pr: pressing at 20°C, RM: raw
material, RH: relative hu midity))

The experiments show that a conventional extraction (2 hours in a tap water at 20°C), followed
by pressing (6 bar) at room temperature lead to 34.8 ± 1.6 % of relative humidity of the press cake.
The increase of the temperature due to ohmic heating particularly enhanced the release of juice and,
consequently, the dewatering process (figure 1). The dry solid content of the press cake can reach
53.6 ± 0.6 % with a moderate heat supply (65°C). The results also showed that combining the
pressing with ohmic heating allows an interesting recovery of phenolic compounds, and particularly
of anthocyanins. At 65°C, 20 % and 27 % of additional polyphenols and anthocyanins were
respectively recovered with this process in comparison with a simple pressing (insert in figure 1). The
proposed combination constitutes an original approach for concomitant grape pomace dehydration
and phenolic compounds recovery.
[1]. Mahmoud, A., P. Arlabosse, and A. Fernandez, Application of a thermally assisted mechanical
dewatering process to biomass. Biomass and Bioenergy, 2011. 35(1): p. 288-297.
[2]. Praporscic, I., et al., Ohmically Heated, Enhanced Expression of Juice from Apple and Potato Tissues.
Biosystems Engineering, 2006. 93(2): p. 199-204.
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In sugar processing, sugar beet tails and green biomass (leaves, petioles, rootlets, etc.) are
recovered during the washing of beet-roots before slicing. The beet tails are usually separated from
green biomass and used primarily as cattle feed or mixed with sugar beet slices going to the extractor.
As compared to slices, the beet tails are less rich in sucrose and contain more impurities (pectins,
proteins, polymers, etc.). The simultaneous extraction of sucrose from slices mixed with beet tails
decreases the quality of raw juice and may complicate the subsequent purification and crystallization
[1]. In this context, it is important to find new ways for the biomass valorization of sugar beet tails
according to the biorefinery concept. Recently, it was demonstrated that pulsed electric field (PEF)
induces the permeabilization of cell membrane and thus enhances the extraction kinetics from
treated tissues at cold or moderate temperature [2]. This work is devoted to the extraction of juice
from sugar beet tails, separately or mixed with slices, by pulsed electric field assisted pressing.
For this purpose, sugar beet tails are regularly provided by a local sugar beet factory (Tereos,
France) and used during 24 h of storing in a local cooling room at 5 °C. For PEF treatment, 500 g of
beet tails are treated using a pulse generator of 5 kV-1 kA (Hazemeyer, France). To optimize the
parameters of PEF treatment, the intensity of electric field E and the effective duration tPEF are varied
from 0 to 600 V/cm and from 0 to 15 ms, respectively. The electroporated tissue is then compressed
under 5 bars for 30 min using a lab-scale press equipped with an elastic diaphragm. The pressing
kinetics are followed, the energy consumption is estimated and the extracted juice is used for purity,
color, colloids and proteins analysis.
The results show that the optimal PEF intensity and effective duration for beet tails treatment
are E=450 V/cm and tPEF=10 ms, respectively. These conditions are lighter than that used for sugar
beet slices electroporation (E=600 V/cm and tPEF=10 ms) [3]. Consequently, the corresponding energy
consumption is lower (1.9 vs. 3.2 Wh/kg). At these parameters, PEF treatment increases significantly
the raw juice yield (75.5 vs. 30.5 %) and Brix (10 vs. 5.2 %) compared to the untreated beet tails.
Furthermore, juice analyses show that raw juice expressed from PEF treated beet tails has better
qualitative characteristics as compared to that expressed from untreated ones. For instance, it is
purer (89.2 vs. 86.9 %), less colored (5290 vs. 6716 IU) and has lower content of colloids (19.6 vs.
31.7 mg/g soluble solids) and proteins (1.5 vs. 2.7 mg/g soluble solids). On the other hand,
experiments show that mixing of sugar beet beet tails with slices before pressing decreases the raw
juice quality. Indeed, increasing the beet tails percentage decreases the raw juice purity. These
results show the advantage of separated treatment of sugar beet tails and slices. The raw juice
expressed from sugar beet tails can be used as a feedstock for bioethanol production, and the
residual press cake can be valorized for pectins recovery.
[1] P. W. van der Poel, H. Schiweck, and T. Schwartz, Sugar Technology. Beet and Cane Sugar Manufacture.
Berlin: Verlag Dr. Albert Bartens KG, 1998.
[2] E. Vorobiev and N. Lebovka, Electrotechnologies for Extraction from Food Plants and Biomaterials. Springer,
2008.
[3] H. Mhemdi, O. Bals, N. Grimi, and E. Vorobiev, “Alternative Pressing/Ultrafiltration Process for Sugar Beet
Valorization: Impact of Pulsed Electric Field and Cossettes Preheating on the Qualitative Characteristics of
Juices,” Food Bioprocess Technol., vol. 7, no. 3, pp. 795–805, 2014.
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Vine shoots are viticulture prunings annually produced in large quantities, and usually burned for
disposal [1]. The extraction of bioactive polyphenols from these wastes is likely to make them addedvalue agricultural by-products. High-voltage electrical discharges (HVED) is a new technology that
induces the phenomenon of electrical breakdown in water. It is therefore capable of extracting
intracellular compounds, such as polyphenols, by damaging the structure of the treated raw material
[2].
In this work, the effect of (1) the fragmentation process and (2) the initial particle size on the
efficiency of HVED in terms of polyphenol extraction from vine shoots is studied.
Vine shoots are cut into cylinders with a specific surface area (a0) of 6 cm-1. Increasing HVED
energy inputs (100, 200, 300, 400, 500 and 600 kJ/kg) provokes vine shoot fragmentation and
particle size reduction. The weight percentages of the resulting different specific surface areas are
shown in Fig.1. After 100 kJ/kg only 25 % of cylinders with a0 = 6 cm-1 persist unfragmented. The
remaining 75 % are fragmented into vine shoots of different particle sizes that are grouped into two
classes.

Fig. 1 Weight percentages (W % ) of specific
-1
-1
surface areas:
a = 6 cm , : 6<a<11 cm , :
-1
11<a<280 cm
resulting from vine shoot
fragmentation as a function of HVED energy
inputs.

Fig. 2 The enhancement of polyphenol extraction
(∆P) as a function of HVED energy inputs for
different initial specific surface areas : a 0 = 6 cm
1
-1
-1
, : a 0 = 84 cm , : a 0 = 280 cm .

54

Poster Session
Those whose specific surface areas are between 6 and 11 cm-1 represent 58 % and those
between 11 and 280 cm-1 constitute 16 % of the total vine shoot weight. At the end of the HVED
treatment only 5 % of a0 = 6 cm-1 remain intact. During HVED treatment, polyphenol concentration
increases from 0 (0 kJ/kg) to 110 (300 kJ/kg) then to 120 mg/L at 600 kJ/kg (Data not shown).
However, little fragmentation is observed beyond 300 kJ/kg (Fig.1.). This suggests that a nonmechanical effect of HVED is also present, and is capable of enhancing polyphenol extraction from
vine shoots.
In order to verify this hypothesis, HVED treatment is applied on different initial vine shoot
particle sizes: a0 6, 84 and 280 cm-1. ∆P is the enhancement of polyphenol extraction provoked by the
HVED treatment. It is calculated by subtracting the polyphenols concentration obtained by solidliquid extraction (control) from the polyphenol concentration obtained after the HVED treatment.
When initial vine shoots particle size is bigger, the resulting specific surface area is smaller. However,
the smaller the initial vine shoot specific surface area is, the better the enhancement of the
polyphenols extraction process by the HVED treatment is. For example, at 600 kJ/kg, ∆P = 110, 40
and 20 mg/L for a0 6, 84 and 280 cm-1 respectively (Fig.2.). This might be due to the HVED enhanced
vine shoot fragmentation process. Remarkably, for a0 =280 cm-1, no fragmentation process of vine
shoots is observed with the increasing HVED energy inputs, and yet, the polyphenol extraction
process is ameliorated by 20 mg/L compared to the control. This observation suggests that the HVED
treatment is also capable of non-mechanically enhancing the polyphenol extraction process.
In conclusion, the efficiency of the HVED treatment from vine shoots is related to mechanical and
non-mechanical action mechanisms.
[1] G. Bustos, J.M. Cruz, A.B. Moldes and J.M. Domínguez, “Production of fermentable media from vinetrimming wastes and bioconversion into lactic acid by Lactobacillus pentosus,” J. Sci. Food Agric., vol. 84, no. 15,
pp. 2105–2112, 2004.
[2] N. Boussetta, E. Vorobiev, T. Reess, A. De Ferron, L. Pecastaing, R. Ruscassié and J.L. Lanoisellé, « Scaleup of high voltage electrical discharges for polyphenols extraction from grape pomace: Effect of the dynamic
shock waves,” Innov. Food Sci. Emerg. Technol., vol. 16, pp. 129-136, 2012.
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Microalgae have high content of lipids, polyunsaturated fatty acids, proteins, carotenoids,
valuable pigments and vitamins, and can be used in the food, cosmetics, pharmaceutical and bio-fuel
industries [1]–[3]. Recent efforts have shown a high potential of pulsed electric fields (PEF)
application for the extraction of valuable components from different biological materials [4]–[6]. In
the present study, the effect of PEF pre-treatment as a preliminary step of pH-assisted aqueous
extraction and extraction using binary mixture of organic solvents (dimethyl sulfoxide, DMSO and
ethanol, EtOH) and water was investigated.
In the first part of the present study, PEF was used as a pretreatment method. It was applied at
normal (pH=8.5) and basic (pH=11) conditions, and then supplementary basic extraction (at pH=11)
was done. The extracts were analyzed for content of pigments, proteins, carbohydrates, total
phenolic compounds and antioxidant capacity. The colloidal stability of PEF-pretreated suspensions
was also evaluated. The data evidence that PEF technique allows selective extraction of a portion of
pure proteins. The discovered effects have shown the advantages of PEF-pretreatment at normal
conditions (pH=8.5) and supplementary extraction at basic conditions (pH=11) for selective
extraction of different intracellular components (Fig.1).

Fig.1 Graphical schema of selective extraction of intracellular components from microalgae Nannochloropsis

One-stage (EI) and two stage (EII) extraction procedures were also compared. The procedure EI
included the common extraction using the binary mixtures. Two stage (EII) extraction procedure
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involved PEF-treatment (20 kV/cm) of microalgae suspension (1% wt) and extraction in water as for
the EI. The second step of EII included the common extraction using the binary mixtures. The effects
of extraction procedure and concentration of organic solvents in water on extraction of total
chlorophylls, carotenoids, proteins, phenolic compounds and value of antioxidant capacity, TEAC,
were analyzed. It was demonstrated that EI procedure can be effectively used for the extraction of
pigments and phenolic compounds. However, it required using of rather concentrated solution of
DMSO or EtOH and it resulted in undesirable degradation of proteins. Application of two stage (EII)
extraction procedure allowed reaching of the high level of extracted non-degraded proteins at the
first step and noticeable enhancement of extraction of pigments at the second step (Fig.1). The
proposed two stage PEF-assisted procedure allowed also effective extraction in less concentrated
mixtures of organic solvents with water. E.g., the highest efficiency of extraction of microalgae's
pigment was observed at 30-50% content of organic solvent in water.
[1]

[2]
[3]
[4]
[5]
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PS20: Impact of microwave and ultrasound on the extraction of polyphenols
from Quercus bark

M. Bouras*1,2; N. Grimi1; O. Bals1; E.Vorobiev1
1) Sorbonne Universités, Université de Technologie de Compiègne, laboratoire Transformations Intégrées de la
Matière renouvelable (UTC/ESCOM, EA 4297 TIMR), Centre de recherche Royallieu, CS 60 319, 60 203
Compiègne cedex, France
2) SOFREN - 336 Bureaux de la Colline; Bâtiment A – 7ème étage; 92 213 Saint-Cloud Cedex - France

Traditional methods used for polyphenol extraction from wood are based on the thermal
maceration [1] and soxhlet extraction [2] of ground product [2]. However, these techniques require a
long processing time, large amounts of solvent and high energy input [3]. In order to increase the
productivity, novel extraction method such as ultrasound-assisted extraction (UAE) and microwaveassisted extraction (MAE) have emerged and they may constitute a potential tool to reduce solvent
amount, treatment time as well as energy consumption. This work discusses the efficiency and the
potential of ultrasound-assisted extraction and microwave-assisted extraction to improve the
extraction of total phenolic compounds of the obtained extracts from Quercus (Quercus robur L.).
In order to compare MAE and UAE methods, the phenolic compounds were extracted with water
as a solvent and at the same irradiation and sonication power (200 and 400 W). The liquid-to-solid
ratio was fixed at 20 and temperature was maintained at 100°C. The extract rich in polyphenols was
then analyzed. The increase of MAE and UAE power from 200 to 400W enhances the extraction of
polyphenols by providing better mass transfer. The results show also that MAE is more effective than
UAE at 200W and 400W. The higher performance of MAE was also mentioned for the extraction of
polyphenols from yellow birch [1] and Pinus Radiata bark [2]. Since MAE resulted in a higher recovery
of polyphenols, it was chosen for the following optimization study.
A response surface methodology was conducted to study the simultaneous impact of treatment
power (0-400 W), duration (5-60 min), type of solvent (methanol (0-33%, v/v) and ethanol (0-33%,
v/v), particles size (0.5-5 cm of length), and pH (2-12) on the total phenolic content (TPC) of bark
extract. The optimal conditions of MAE obtained using RSM were following: irradiation time 60 min,
power 45 W, pH 10.75, ethanol content 33 %, methanol content 0.38 %, and particles size 0.5 cm.
MAE at these optimal conditions was compared to the extraction at the same conditions but without
microwave (control). Results show that the MAE method is more efficient than the control. Indeed,
the values of TPC are increased with MAE on about 3 times compared to the control. Moreover, the
HPLC-profiles present the same picks but the use of MAE increases the content of phenolic
compounds.
[1] P.N. Diouf, T. Stevanovic, and Y. Boutin, “The effect of extraction process on polyphenol content,
triterpene composition and bioactivity of yellow birch (Betula alleghaniensis Britton) extracts“. Ind. Crops Prod.
Vol. 30, no. 2, pp. 297–303, September 2009.
[2] E. Aspe, and K. Fernandez, “The effect of different extraction techniques on extraction yield, total
phenolic, and anti-radical capacity of extracts from Pinus radiata Bark“. Ind. Crops Prod. Vol. 34, no. 1, pp. 838–
844, July 2011.
[3] M.D. De Castro, and L.E. Garcia-Ayuso, “Soxhlet extraction of solid materials: An outdated technique
with a promising innovative future“. Anal. Chim. Acta, vol. 369, no. 1-2, pp. 1–10, August 1998.
This work was financially supported by SOFREN Company and ANRT “Agence National de la Recherche et de la
Technologie”. The authors appreciate the financial support from SOFREN and ANRT.
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In recent years the cultivation and exploitation of Microalgae biomass has stimulated intensive
research due both to its high productivity, when compared to agriculturally grown biomass, and the
large relative content of more than 50% of valuable cell components, like lipids, proteins,
polysaccharides, antioxidants, vitamins and pigments (Goettel et al., 2013; Luengo et al., 2014).
However, the extraction of these compounds is limited by the mass transfer of these compounds
through cell membranes. In this frame, thanks to the reduction of the resistances to mass transfer
due to the induced permeabilization of plant cells, Pulsed Electric Field (PEF) technology can be used
as a pre-treatment of concentrated microalgae suspension in order to enhance the extraction yield of
valuable compounds (such as antioxidants and colorants) from the inner parts of the cells(MahničKalamiza et al., 2014). In this work the effect of different PEF treatment intensity on the extraction of
valuable compound from microalgae Chlorella Vulgaris was investigated.
Culture of C. vulgaris strain inoculated in TAP-medium, were cultivated in batch 26 L photobioreactor. Growth conditions were monitored by OD measurements at 750 nm. The algae were
harvested after 18-24 days and concentrated up to a final biomass concentration of about 40-50
gdw/kgsus. PEF experiments of different intensities (E=27-35 kV/cm, and WT=50-100- 150 kJ/kg) were
carried out in a laboratory scale continuous flow unit. Determinations of time-conductivity profile as
well as quantification of dry matter, protein content, total polyphenolics (TP), and antioxidant activity
(AA) of the supernatant were performed.
Results showed a higher increase of the electrical conductivity of PEF treated suspension, when
compared to the untreated sample. Moreover, the PEF treatment increased the dry matter content
as well as the amount of proteins released into the supernatant from inside the algae cells.
Additionally, increments of total phenolics and antioxidant activity were also detected. The results
obtained from this study demonstrate the potential of PEF for improving extraction of compounds of
interest from the microalgae C. vulgaris.
Keywords: PEF, Microalgae, C. vulgaris, Extraction, protein, carbohydrate, bioactive compounds
[1] M. Goettel, C. Eing, C. Gusbeth, R. Straessner, and W. Frey,“Pulsed electric field assisted extraction of
intracellular valuables from microalgae,” Algal Research, vol. 2, pp. 401–408, 2013.
[2] E. Luengo, S. Condon-Abanto, I.Alvarez, and J.Raso,“Effect of Pulsed Electric Field Treatments on
Permeabilization and Extraction of Pigments from Chlorella vulgaris”, J. Membrane Biol., DOI 10.1007/s00232014-9688-2, 2014.
[3] S.Mahnič-Kalamiza, E. Vorobiev, andD. Miklavčic,“Electroporation in Food Processing and Biorefinery”,
DOI 10.1007/s00232-014-9737-x, 2014.
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The recovery of valuable compounds from food wastes and by-products is one of the main
challenges of modern society. Over the last years, antioxidant compounds have attracted much
interested from food, pharmaceutical and cosmetics industries as they can be used for different
applications. For instance, olive kernel constitutes an important by-product from olive oil production
and it is a valuable source of antioxidant compounds, especially phenolic compounds, and other
molecules (i.e. proteins). The increased demand to shorten the processing time, enhance recovery
yield, control the Maillard reactions, improve the product quality and functionality of extracts has
motivated researchers and industry for the development of new technologies. High voltage electrical
discharges (HVED) disrupt cell tissues in liquid media and subsequently enhance extraction of
valuable compounds from plant food materials and by-products. The aim of the present work is to
optimize HVED processing conditions, pH and solvent concentration in order to improve the
extraction of phenolic compounds, antioxidant capacity and proteins of the recovered extracts from
olive kernel.
Olive kernel samples from olive variety Cornicabra were collected from a three-phase production
unit (Valencian Community, Spain). HVED treatments were done using a high voltage pulsed power
40 kV-10 kA generator (Tomsk Polytechnic University, Tomsk, Russia), 1-L cylindrical batch treatment
chamber and different types of electrodes. The input energy of HVED treatments varied from 0 kJ/kg
(for tHVED=0 ms) to 141 kJ/kg (for tHVED=3 ms). A response surface methodology (RSM) analysis was
designed for evaluation of the effects of solid-liquid extraction (diffusion (D)). After the HVED
treatment, a supplementary amount (200 g) of distilled water or a mixture of ethanol and water was
added. The suitable liquid-to-solid ratio (w/w), allowing to maintain a homogeneous solid–liquid
extraction, was 10. The extraction was studied in a cylindrical cell of 10 cm in diameter. A gentle 80
min agitation at 150 rpm was provided by a round incubator shaker (Infors HT Aerotron, Bottmingen,
Switzerland). The extraction temperature was controlled (20 ± 2 °C). The same protocol was used for
experiments without HVED pretreatments. The concentration of total polyphenols and proteins and
antioxidant capacity of the recovered extracts was measured at different moments of extraction for a
period of 80 min.
The statistical analysis showed that HVED, pH and ethanol exerted significant effects on protein
content and antioxidant capacity of the samples after 80 min of solid-liquid extraction. The optimum
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antioxidant recovery was found at neutral pH. However, differences in TPC at 80 min of extraction
were found to be insignificant for control and pretreated samples. Moreover, the multi-response
analysis of response surface design using the desirability approach was used to optimize the energy
input, pH and ethanol concentration. Multiple response optimizations indicated that after 80 min
supplementary extraction, the highest yields of TPC (615.4 mg GAE/L), protein (0.250 mg/ml) and
TEAC values (9.40 mM TE) were obtained when HVED at energy input of 75 kJ/kg followed by
diffusion solid-liquid extraction in 50% v/v ethanol/water and pH= 5.8 were used. The results
obtained in the present study showed the potential of HVED-assisted technology to improve the
recovery of high-added value compounds from olive kernels. This technology allows recovery of
biomolecules with antioxidant capacity that can be used as food additives and/or nutraceuticals.
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