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In this issue

In this issue Peter Puschner of
PUSCHNER GmbH & Co KG
PUSCHNER Microwaves,
Germany, highlights recent
developments on  microwave
vacuum drying of fruit and
vegetables.

The 1st Global Congress on
Microwave Energy Applications is
within weeks of taking place in
Japan. I hope that members of
AMPERE made arrangements to
participate and contribute to its
proceedings. For details see the
Events section of this issue.

AMPERE’s 12th International

Conference in 2009 at
Karlsruhe Germany
As was announced in the

previous issue of this Newsletter

the 12th International AMPERE
conference on Microwave and
High Frequency Heating will be
staged at Karlsruhe.

Dr Lambert Feher and his team
at Karlsruhe will soon be drafting
the organization and other details
of this conference and
announcements will be made in
the next issue of this Newsletter
due out in September. The
Committee of Management of
AMPERE will be liaising closely
with Dr Feher regarding this
conference and a meeting is
scheduled in Japan in early
August during the GCMEA event.

Ricky Metaxas, Editor
St John’s College
Cambridge CB2 1TP
England (UK)

ADVANCED MICROWAVE VACUUM DRYING
OF FRUITS & VEGETABLES

By Peter Piischner
PUSCHNER GmbH &

Co KG PUSCHNER
Microwaves
Germany

Drying is the oldest method of

preserving food and accounts for
majority of processes in food industry.
There are many known methods of
drying food; microwave vacuum drying

is identified due to numerous benefits it
produces.

The use of vacuum has shown further
improvement in quality of food products
(Yonsawatdigul & Gunasekaran, 1996).
Vacuum reduces thermal stress and
shows better colour and texture of dried
products over ones that are air-dried.
Reduction of drying times in
microwaves is beneficial for the colour,
porosity (Krokida & Maroulis, 1999),
the aroma (Raghavan & Koller, 1995),
the shrinkage and improved
rehydration (Khraisheh et al, 2004). The
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results from microwave vacuum dried
fruits and vegetables are very similar to
the results from freeze drying.

Therefore microwave vacuum drying
has the potential to be an interesting
alternative to freeze drying in many
applications as drying time are much
shorter and running costs are less.

Critical Behaviour of Foods in
Microwave Vacuum Drying

Products like fruits and vegetables have
moisture content typically in the range
of 70-90%. At the beginning of drying,
the total dielectric losses (by product
and moisture content) are caused
mainly by the moisture content. In this
phase, the temperature within vacuum
drying is the evaporation temperature
due to the vacuum level, typically
30mbar and 30°C. When most of the
water has been removed, the dielectric
losses of the product are causing the
heating above the evaporation
temperature and then we have to
reduce the microwave power level in
order to avoid too high temperatures,
say above 50 °C, which may damage
the product properties such as flavour
or texture .

For process investigations in the lab a
small industrial batch microwave
vacuum dryer, model pyWaveVac0150,
shown in Figure 1, is equipped with
necessary measuring devices as well as

the microwave applicator or/and
microwave antenna system for
monitoring parameters. The drying

profile is captured in a graphic form by
the process control. The smallest dryer
in the pWaveVacxx50 family is ideal for
lab investigation and is easily scaled up
with  capacity according to the
production output required.

Figure 1. Members of the family yWaveVacxx50 from
up to down- pWaveVac0150-1c with 1kW / 2450MHz,
uWaveVac0650 with 6kW / 2450MHz and
uWaveVacxx50 scheme. Legends: 1) Infra-Red
Camera (0-250°C) 2)Fibre-optical temperature
measurement system 3)Microwave Antenna 4)
Pressure measurement 5) Circulator (magnetron
protection) incl. Measurement of the reflected power
6)1-6kW/2450MHz Magnetron incl. DC high-voltage
power supply. 7) Vacuum vessel ca. 2001 8) 10kg
load cell, 10.000 digits 9) wall heating



The microwave vacuum dryer allows
investigation of drying and heating
applications under atmospheric
pressure or vacuum setting. Using an
infrared and fiber-optical temperature
measurement system, core and surface
temperatures of the objects can be
measured within the chamber. Other
process parameters that can be
monitored are the forward microwave
and reflected microwave power and the
changes of product weight over the
process. The vacuum dryer is equipped
with an online load cell that capture the
reading of weight loss during the drying
process. The product surface
temperature is detected by the fibre-
optical temperature measurement

The results of the microwave vacuum
lab dryer can be transferred and scaled
up to pilot and production microwave
vacuum dryer typically shown in Figure
2.

Figure 2. 24kW/2450MHz Production machine
uWaveVac2490

Examples of Advanced Drying
Applications
Strawberries

Strawberries are a popular fruit and

dessert. The drying  process
successfully retains the form,
appearance, colour and the

outstandingly strong aroma of the
highly perishable fruits as shown in
Figure 3, while Figure 4 shows typical
drying curves for strawberries.

Figure 3. Complete vacuum dried strawberries (UP:

After drying; DOWN: within the dried strawberry)
maintains its appearance, colour and strong aroma.



Figure 4. Drying curve of strawberries monitored with WaveCAT

Broccoli

More and more vegetables are
dried as an ingredient in instant
noodles where both noodles and
the ingredients are
reconstituted. Other than the
size, microwave drying maintain
the structure and the rich
colour of broccoli. Broccoli is
regarded to be a difficult
product as it contains fine fiber
bundles with a stem. Both are
very sensitive to overheating
and browning. Typical results of
the structure of the fibres are
shown in Figure 5.

Bananas

Bananas are also regarded to be
a difficult product for drying.
Pealed complete bananas can
be dried keeping the shape and
structure. Low vacuum drying
below 20mbar ensures that
there is no oxygen attack and
the skin remains almost white
which gives a nice appearance
for consumers. Shrinking can

be avoided by puffing which can
be easily effected with
microwaves.

Figure 5. Fibre Structure of broccoli after
drying
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Figure 6. Complete bananas after
microwave vacuum drying

Summary

The article shows the potential
of microwave vacuum drying for
future high value dried fruits
and vegetables. All examples
were dried within 20-30min
down to below 4% residual
moisture content. Results from
the lab using the
uWaveVacxx50 can be up-
scaled into production scale.

In summary, the following
advantages of microwave drying
are drawn as compared to
conventional drying methods.

e low temperature drying
provides gentle treatment

for the product due to low
vacuum pressure.

a temperature gradient
directed towards the
surface, i.e. temperatures
inside are higher than on
the outside, giving rise to
a pressure gradient which
drives the evaporating
liquid to the surface

consequently, the
superficial layer does not
dry out completely and
the surfaces remain
permeable

the liquid evaporating
inside the product is
emitted through the pore
structure of the solid
material's macro-capillary
system, resulting in a
high drying velocity

the heating of water and
most organic solvents
occurs selectively - due to
the greater dielectric
losses of water as
compared to the product
to be dried

swift and thorough drying
of moist products with
low thermal conductivity

short processing times,
i.e. suitable for
automated manufacturing
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Useful References in connection
with the above article can be
found in:

e Khraisheh, M.A.M.,
McMinn, W.AM. and
Magee, T.R.A. (2004)

Quality and structural
changes in starchy foods
during microwave and
convective drying. Food
Research  International,
37, 497-503.

e Krokida, M.K. & Maroulis,
Z.B. (1999) Effect of
microwave drying on
some quality properties of
dehydrated products.
Drying Technology, 17(3),
449-466.

e Raghavan, B. & Koller,
W.D. (1995) Qualitat von
mikrowellengetrocknetem
Rosmarin. Lebensmittel-
Technologie, 28/9

¢ Yonsawatdigul, J &
Gunasekaran, S (1996)
Microwave-vacuum

drying of cranberries:
Part II. Quality
evaluation. Journal of

Food  Processing and
Preservation, 20, 145-
156.

For more information please
contact:

Peter Piischner

PUSCHNER GMBH + CO KG
MicrowavePowerSystems
Germany

peter@pueschner.com
www.pueschner.com

Phone ++49 (421) 68853-0

Fax -10

Mobile ++49 (173) 98 26962
Skype Address: peterpueschner



NEWS AND EVENTS

IMPI's 42nd

Symposium

June 26-28, 2008

Chateau Sonesta, New Orleans,
LA, USA

for further details visit
http://www.impi.org/Meeting
s/index.html

7th International
Workshop "Strong
Microwaves:
Sources and

Applications”
July 27 - August 2, 2008,
Nizhny Novgorod, Russia

All inquiries should be
addressed to the Scientific
Secretary of the Workshop:

Dr. Kirill Rybakov

Institute of Applied Physics,

46 Ulyanov St.,

Nizhny Novgorod 603950
Russia

Tel. +7 831 416 4831

Fax +7 831 416 0616

E-mail smp@appl.sci-nnov.ru
http://www.smp.sci-nnov.ru

GCMEA 2008 MAJIC

1st Global Congress on
Microwave Energy
Applications

Otsu Prince Hotel. Lake Biwa,
Otsu, Japan

August 4-8 2008

Organised by the Japan Society
of Electromagnetic Wave
Applications

Chairpesron Professor Nikawa
Kokushikan University
Executive Committee
Chairperson Prof M Sato NIFS
International Committee
Chairperson B Krieger Cober
Electronics USA

Local Secretariat

Proactive Inc.

Promena Kobe 16F, 1-8-1
Higashi-kawasaki-cho,
Chuo-ku, Kobe, Hyogo, Japan
TEL: +81-78-366-5050 / FAX:
+81-78-366-5051

E-mail: majic@pac.ne.jp
http://www.jemea.org/majic2
008/

61st Annual
GASEOUS

ELECTRONICS 08

14-17 October 2008

Dallas Addison Marritt Quorum
by the Gallerias Dallas Texas
For more information contact
Lawrence J Overzet

At overset@utdallas.edu or visit
www.utdallas.edu/gec

MEP 2008

A colloquium on
Modelling for
Electromagnetic

Processing

Hannover Oct 27-28 2008

is organized by the Institute for
Electrothermal Processes of
Hannover and the University of
Latvia.

For details contact:
Bernard Nacke
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Institut fur Elektrothermische
Prozesstechnik

Leibniz Universitdt Hannover
Wilhelm-Busch-Str. 4
D-30167 Hannover

Tel.: +49 511 762-2872

Fax: +49 511 762-3275

e-mail: ewh@ewh.uni-
hannover.de or visit
http://www.etp.uni-
hannover.de/mep/index.htm

EuMC2008

Amsterdam, the Netherlands
28-31 October

The 38th European
Microwave

Conference (EuMC)

is the core of European Microwave
Week 2008,

the largest event in Europe
dedicated to microwave
electronics.

For details visit:
www.eumweek.com

Microwave/flow
chemistry

conference 2009

Antigua Jan 28-31

C. Oliver Kappe

Chairman

Zing Conference on Microwave
and Flow Chemistry 2009

Contact www.maos.net for
registration and other details

PIERS 2009

Progress in Electromagnetics
Research Symposium (PIERS)
23-27 March, 2009, Beijing,
CHINA.

Call-for-Paper is available at
http://piers.mit.edu/piers/

12th International
AMPERE Conference
2009

Microwave and High
Frequency Heating
September 2009
Institute for Pulsed
Power and Microwave
Technology (IHM)

Karlsruhe Germany

For details contact:

Dr Lambert Feher

Telephone: +49 7247 82 4330;
Fax: +49 7247 82 7330

Email:
Lambert.Feher@ihm.fzk.de
or visit www.ampereeurope.org
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