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Eeature Story

Applying Micro-Electro-Mechanical Systems (MEMS)
to medicine and drug discovery

Takayuki Shibata

Professor Takayuki Shibata is developing various devices for manipulating individual cells and analyzing cellular functions

using Micro-Electro-Mechanical Systems (MEMS). Professor Shibata aims to apply MEMS to advanced medicine and drug

discovery by constructing a platform that enables the diagnosis of individual cells as well as the regulation of cellular func-

tions.

Interview and report by Madoka Tainaka

A micro device working on

individual cells
Micro-Electro-Mechanical Systems (MEMS)
refers to the technology whereby micro-
machining technology is used to fabricate
miniaturized devices that integrate electri-
cal and mechanical elements. MEMS came
under the spotlight in 1987 when AT&T
Bell Laboratories introduced micro gears
with diameters ranging from 125 to 185um
at an international conference called
Transducers held in Tokyo. Thereafter, the
research and development of MEMS has
been mainly led by the U.S., Europe, and
Japan by using advanced micromachining
technology that was developed from semi-
conductor technology. Nowadays, MEMS
technology is used in various devices
including acceleration sensors in automo-
bile air bags and smart phones, the inkjet
nozzle of printers, the mirror and switch of
optic devices and analysis equipment in
the field of life sciences.

“Great expectations are placed on MEMS
to become a key technology for innovation
since its range of potential applications is
quite broad. On the other hand, the MEMS
technology demanded by each field is
different, and therefore MEMS research is
progressing in various unique ways adapt-
ed to suit the needs of each field. Although
we talk about MEMS in general, it actually
represents quite diverse fields, and is also
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constantly evolving through trial and error,”
says Professor Takayuki Shibata.

Professor Shibata is applying cutting edge
MEMS based research to construct very
tiny tools that work on a biological cell,
which is the smallest unit of life.

“The size of a cell is only 10 to 20pum.
Up to now there have been no tools that
could handle both individual cells and all
the cells at once. If our technology is put
into practice, we expect that researchers
will be able to control and analyze a large
number of cells simultaneously, leading to
new findings in life science. Not only that,
we would be happy if our technology can
contribute to facilitating an acceleration in
the process of drug discovery and medi-
cine,” Professor Shibata says.

The applications of MEMS in the medical
field have mushroomed since the complete
decipherment of the human genome in
2003. More recently their practical imple-
mentations have been increasing. In this
context, Professor Shibata has received
attention by developing a microneedle ar-
ray for pricking cells - 600,000 pcs of tiny
hollow needles made of glass with an outer
diameter of 5.6um and an inner diameter of
3.2um arrayed on a 1cm? size microchip.

“This needle array is an innovative device
that can simultaneously introduce DNA

molecules and extract biomolecules into
and from 600,000 individual cells. Conven-
tional methods for cell analysis can only
provide information on the average value of
all the cells since their analysis equipment
checks all cell fracture extracts in a large
quantity. On the other hand, if we can work
on individual living cells in the scale of one
million and analyze them, highly accurate
statistical analysis will become possible,
even as far as understanding the individu-
ality of each cell. Furthermore, since the
diameter and spacing of the needles is
adjustable in MEMS, we can create various
designs depending on its application.”

and mechanical oscillation to
introduce DNA into cells
To fabricate a needle array, one must first
make a circular pattern on silicon substrate
using a method known as photolithography
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and then vertically etch fine holes into the
substrate. The next step is to make them
react with the water and silicon by exposing
them to high temperature steam at 1000°C
to form a glass film (SiO,) in the inner wall
of the hole. Finally it is necessary to remove
the silicon using an alkaline solution to cre-
ate a minute glass needle.

“This technology is used in the manufactur-
ing of semiconductors, and the location,
shape, height and aperture of the needles
can be freely modified. Using these
characteristics, we can make even thin-
ner needles or a type of tube with its tips
spread out like an octopus’s suction cup.
Actually, the suction cup tube was created
by accident, but once | observed it | real-
ized that it could be used as a manipulator
for creating desirable cell patterns and
three-dimensional structures by grabbing
cells and lining them up freely,” Professor
Shibata explains.

If this technology can work on individual
cells, the biochemical reaction of a large
number of cells under the same conditions
can be observed. This technology can also
be applied to comprehensively study the
differences in reaction based on variations
in the conditions. Much is expected of
its potential applications in regenerative
medicine and genome drug discovery.
However, there still exists one significant
obstacle - it is very difficult to prick a small
cell with a needle without causing any
deformation.

“Cells are very small and delicate, so if we
try to forcibly prick one with a needle, its
cellular membrane may be punctured and
destroyed, and the cell would eventually
die. You might have seen a microscopic
image of pricking an egg cell with a glass
needle in IVF (In Vitro Fertilization), but
almost all types of cells (so-called somatic
cells) that make up our body are only one
tenth of the size of the egg cell so it is very
difficult to prick them by sucking with a
needle under negative hydrostatic pres-
sure. In addition, if you try to introduce a
solution into an array of needles by the
application of external pressure, but the
aperture of needle is too small, the solution
would seek whichever individual needle
offered the least hydraulic resistance, and
only be released from that point. No matter
how sophisticated our needle processing,
it is impossible to fabricate all needles to
precisely the same size.”

To address this problem, Professor Shi-

bata adopted a method using an electric
field and mechanical oscillations when
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penetrating cell membranes and introduc-
ing DNA into a cell with a needle. DNA is
negatively charged in a solution so if the
potential inside the cell is rendered positive
by applying appropriate voltage, DNA can
be injected into the cell through the tip of
the needle. Furthermore, it becomes easier
to penetrate cell membranes without caus-
ing serious cell damage when mechanical
oscillation is applied during the insertion
process with a needle. This is due to an
increase in the cell’s viscous resistance.

“Think about the suspension in automo-
biles. It is mechanically composed of a
combination of springs and dampers.
Springs can be deformed proportional
to the applied force. On the other hand,
dampers can also be deformed when
pressed slowly just like the spring; how-
ever, if the damper is pressed quickly, it
becomes hard and difficult to deform. It
becomes easier to penetrate a cell with
a needle, as with the damper, when one
applies oscillations to quickly deform
its cell membrane. This technology was
made possible by applying my knowledge
acquired from mechanical engineering and
cell-capture, in other words by understand-
ing its mechanical characteristics.”

Application to mass production of

iPS cells and genome editing
Moreover, Professor Shibata is aiming to
construct a platform for analyzing and
manipulating cells by handling various
technologies such as hollow microneedle
arrays, suction cup type manipulator
arrays, piezoelectric type micro cell me-
dium devices, nanoneedle-based sensing
probes for capturing dynamic changes of
cells, and multi-functional scanning bio-
probe microscope with hollow nanoneedle.

“At this point, we are only preparing the
necessary tools for analyzing and ma-

nipulating cells, but we want to apply these
technologies for the mass production of
iPS cells in the future. Currently, iPS cells
are made manually by skilled personnel,
but the success rate of creating iPS cells
is only 1%, which is very low in efficiency.
If we can use our needle array to establish
automatic mass production of iPS cells, the
application of iPS cells will progress even
further, and it will become more convenient
to elucidate the mechanisms of diseases
and to study the effects and toxicity of vari-
ous drugs.”

Professor Shibata says that he wants to
accelerate the process of finding practical
applications for his work by collaborating
with medical institutions. His will continue
to strive to develop fundamental technolo-
gies for advanced medical research.

[Reporter’s Note]

Professor Shibata, as a former researcher in preci-
sion engineering, used to produce diamond thin
films and three-dimensional structures for use in
devices. In the meantime, he became interested
in the mystery of life and turned to the field of
BioMEMS research after being involved with the
production of microchips for amplifying DNA and
analyzing blood. He feels that it is his mission to
apply the technologies that he learned in the field
of manufacturing, where reproducibility is empha-
sized, to the progress of life science.

“It is not well known but Toyohashi University of
Technology has the one of the best cleanrooms in
the world. | am very fortunate therefore to enjoy a
research environment which is not only optimum
for creating MEMS, but is also supported in such
a way that active collaboration with researchers in
different fields is made easy. As it happens, my in-
terest in the mass production of iPS cells emerged
from a conversation with a researcher in a different
field,” Professor Shibata says. It is greatly hoped
that this MEMS technology, originating from
Toyohashi, will contribute to rapid advancements
in medicine and drugs around the world.
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Researcher Profile

Dr. Takayuki Shibata rreceived the BS, MS, and PhD. degrees in precision engineering
from Hokkaido University, Sapporo, Japan, in 1987, 1989, and 1999, respectively. Follow-
ing two years with Sumitomo Electric Industries, Ltd., he was with the Faculty of Engineering,
Hokkaido University, from 1991 to 2001, and the Faculty of Engineering, Ibaraki University,
from 2001 to 2005. Since 2005, he has joined the Faculty of Engineering, Toyohashi
University of Technology. He is currently working as a professor in the Department of
Mechanical Engineering, Toyohashi University of Technology, from 2007.

Reporter Profile

Madoka Tainaka is a freelance editor, writer and
interpreter. She graduated in Law from Chuo
University, Japan. She served as a chief editor
of “Nature Interface” magazine, a committee
for the promotion of Information and Science
Technology at MEXT (Ministry of Education,
Culture, Sports, Science and Technology).
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Preface of the Special Issue

Toyohashi University of Technology leads the development of technologies for “Food Security and Safety”

By Saburo Tanaka

Research Highlightg

At Toyohashi University of Technology (TUT), | had been leading the devel-
opment of a metallic contaminant detector using a high-sensitivity magnetic
sensor since 2000, and we had the accumulation of ten years of technical ex-
pertise in food contaminant detection. Professors Seiji lwasa, Mitsuo Fukuda,
Naohiro Hozumi, and Shigeki Nakauchi also had the core “seeds” for the re-
search of biological, near-infrared, ultrasonic, and optical analysis methods,
respectively. By drawing on these seeds and accumulated expertise, TUT
began to consider a project proposal in collaboration with other universities
and public research institutes. At that time, the Aichi prefectural government
was inviting applications for funding categorized as “The Knowledge Hub
Aichi Priority Research Projects” ( http://www.chinokyoten.pref.aichi.jp/Eng-
lish/). These projects would run for five years from fiscal 2011, and be large-
scale projects with an annual research cost of 300 to 400 million yen for each
project. Accordingly, we put together a proposal for the “Food Security and
Safety Technology Development Project”, and applied. Having been suc-
cessfully selected by the prefectural government, this project was launched.

Being accorded the privilege of head-
ing the project as its leader, it was
my responsibility to oversee the car-
rying out of research in participation
with another 10 universities, 5 public
research institutes and 12 companies.
As shown in the figure below, the
Project set its goal as being the de-
velopment of systems that can detect
three types of contaminants with high
accuracy, high speed and at a low
cost:

(1) detection of chemical sub-
stances such as residual agro-
chemicals

(2) detection of solid contaminants
such as hairs or metals

(3) detection of microorganisms such
as 0157

Many companies joined along the way,
and in the final year of the Project, a

Process of detecting residual
agrochemicals

Processing

Batch inspection

Za

eOptical method

eReaction detection pH array sensor method

eChiral detection
eMulti-analyte ELISA
etc.

total of 36 companies were participat-
ing in it; 16 companies developed
prototypes and 20 companies (user
companies) contributed information,
thereby re-classifying it as a mega
project. This project consisted of goal-
oriented, or “Pasteur-type” research,
which aimed for commercialization
based on the needs of society, and
we were required to yield definite
results. As it turned out, the project
successfully concluded with numer-
ous positive results: 31 prototypes, 8
commercialized products, 4 soon-to-
be-commercialized products and 14
products to be made commercially
available within the next two to three
years.

Each technology TUT contributed is
described hereafter by the develop-
ment leader:

Process of detecting solid
contaminants

In-line inspection

=

eSpectroscopic imaging

*SQUID magnetic sensor method
*NMR imaging method
eUltrasonic method
eNear-infrared spectroscopy
eX-rays

etc.

® Prof. Seiji lwasa: Detection of toxic
chemical substances using immu-
noassay

® Prof. Mitsuo Fukuda: Contaminant
detection technology using near-
infrared (NIR)

® Prof. Saburo Tanaka: Contaminant
detection technology using super-
conducting quantum interference
devices (SQUIDs)

® Prof. Naohiro Hozumi: Contaminant
detection technology using ultra-
sound

e Prof. Shigeki Nakauchi: Develop-
ment of a high-sensitivity sensor
device for microbial detection

All research listed in this Research
Highlights was supported by the Aichi
Science & Technology Foundation.

Process of detecting
microorganisms

Shipping

@ E:> Market

Batch inspection

Microbial imaging with spectral image (near-infrared)
eReaction detection pH array sensor method
eAptamer nucleic acid probe for microbial detection
eRestriction fragment length polymorphism classifica-

tion method (PCR-RFLP)

eMicrobial identification by MALDI TOF MS
etc

Overview of Food Safety and Security Technology Development Project using Next-Generation Monitoring Technologies
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Eesearch Highlights

Simple operation for detecting residual pesticides in
agricultural products anytime anywhere

By Seiji lwasa

Prof. lwasa’s research group (S. lwasa, Toyohashi University of Technol-
ogy; S. Miyake, Advanced Scientific Technology & Management Research
Institute of Kyoto, Research & Development Division, Horiba, Ltd.; T.
Ohtake, Aichi Agricultural Research Center; K. Adachi and S. Saito, Aichi
Science & Technology Foundation) has established immuochromatog-
raphy kits and an immunosensor based on surface plasmon resonance
(SPR-sensor) for the detection of residual pesticides in agricultural prod-
ucts. Immuochromatography kits were found to be a rapid, highly sensitive
and low cost method for residual pesticide determination. SPR-sensors
could detect more than 6 different types of pesticide at the same time. The
working sensitivity of these methods was up to the level of 10ng/mL. These
methods can be applied to the safety control of agricultural products.

Pesticides play an important role in increasing the
productivity of agricultural products. At the same
time, the detection and safety control of the residual
pesticides is also necessary because of their toxic-
ity. The residual pesticide in agricultural products
has been mainly measured by instrumental analysis
such as GC-MS and LC-MS so far.

The procedure of using instruments to perform an
accurate detection analysis of residual pesticides in
agricultural products is well established. This kind of
instrumental analysis is, however, expensive, time
consuming, and requires specific training. Thus, it
would obviously be beneficial to be able to detect
residual pesticides with simple, low cost operation,
allowing rapid analysis without any special skill.

In this regard, we have established immuochro-
matography kits and an immunosensor based
on surface plasmon resonance (SPR-sensor) for
the detection of residual pesticides in agricultural
products. When an antibody of the target pesticide
is applied to the immunosensor, hapten synthesis
is required because of the small size of the target
molecule. This is one of the most important steps for
preparing a highly sensitive monoclonal antibody for
target molecule. We have synthesized more than 20
pesticide haptens and their antibodies at Toyohashi
University of Technology and the Advanced Scien-
tific Technology & Management Research Institute
of Kyoto and Research & Development Division,

§ 2304 FEBARERG
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Fig.1 Principle of immunochromatography (animation in Japanese)

Horiba, Ltd. The resulting monoclonal antibody was
successfully set up as an immuochromatography
kit. The kit visually displays the target pesticide by
colorizing and also immediately determines the
concentration of the residual pesticide. Al it requires
is to take a photo using a standard mobile phone
camera. (Fig. 2)

Immuochromatography kits were found to be a
rapid, highly target selective and low cost method
for residual pesticide detection. This tool can be
utiized anytime, anywhere, for self-managing the
safety control of foods such as agricultural products.
We believe that the cost performance and easy
operation combined with high accuracy are great
advantages compared to the standard instrument
analysis. Furthermore, SPR-sensors can detect up
to 6 different types of pesticide at the same time. The
working sensitivity of these methods is up to 10ng/
mL. These can be also applied to the safety control
of agricultural products, especially in large-scale
production areas. (Fig. 3)

See more at:
http://www.siorgchem.ens.tut.ac.jp/research/
http:/www.siorgchem.ens.tut.ac.jp/work/
http://www.tut.ac.jp/english/newsletter/
contents/2016/06/features/features.html

Fig.2 Immunochromatography kit for a detection of

residual pesticide in agricultural products.

Patents:
- 15882015-017356 [ARZAY) MEBLUENREER )
FR2 A BERE]

- BER2015-110192 [1L/7v e/ EZR M ROEER
EREDLOORIMEE BLURBREREE]

- FEE2015-110192 [ROZERERENDLHORILEE]

- $5BE2015-204622 BN MICLDZBREREDID
DRILIEE]
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Fig.3 Immunosensor based on surface plasmon resonance(SPR)
for multi-targets residual pesticide in agricultural products.
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Research Highlight

Near-infrared (NIR) optical imaging system for detect-
ing small organic objects in thick foods

By Mitsuo Fukuda

Mitsuo Fukuda and his colleagues, in coopera-
tion with Aichi Science & Technology Founda-
tion, have developed basic real-time imaging
techniques for detecting small organic objects in
foods, based on a simple technique of monitor-
ing the distribution of the infrared light transmit-
ted through the materials. The newly developed
system has proven itself in being able to detect
objects such as a human hair, a piece of plas-
tic and a piece of rubber encased in 5-mm-thick
chocolate, none of which can be picked up using
an X-ray detection sensor and a metal detector.

To be able to detect foreign objects
in foods on factory production lines is
important for our health and safety and
is normally performed using an X-ray
computed tomography apparatus or a
metal detector. Dense materials such
as a piece of stone or metal can be
easily detected, and foods containing
them are removed from the production
lines.

However, foreign organic objects in
foods cannot be detected with this
equipment, and so the need for new
techniques to detect them has been
around for some time.

Now, Mitsuo Fukuda and his col-
leagues in TUT and Aichi Science
& Technology Foundation, have
developed novel real-time NIR opti-
cal imaging systems comprising a
two-dimensional (2D) optical source
composed of 850-nm-wavelength-
pband LEDs, a CMOS sensor, and
optimized optical systems. The optical
system accurately detected organic

7. '
2 )

(b) Human hairs

(a) Insects

Fig.1 Images of insects and human hairs embedded
in 5-mm-thick chocolate.
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objects such as a human hair, part of
an insect, plastic, and a piece of rub-
ber in a piece of 5-mm-thick chocolate
in real time. Additionally, the bone
structures in chicken wings of about
20-mm in thickness were also able to
be detected.

“We have developed some basic
techniques required for constructing
a real-time optical imaging system
with high spatial resolution. The de-
veloped system has a simple optical
structure and is tolerant of mechanical
vibration. This optical imaging system
is, therefore, applicable to mass-
production lines of foods in factories,
where real-time monitoring is required
with high spatial resolution.”

The author Prof. Mitsuo Fukuda said
“We only developed some basic tech-
niques and systems for a real-time

fig.2 Developed real-time NIR optical
imaging system

optical imaging system for detecting
foreign organic objects and will need
to customize them for application to
each type of food in the future”.

The developed real-time NIR imag-
ing system will be applicable for the
observation of internal images of mov-
ing samples such as foods in mass-
production lines in factories with high
spatial resolution. Consequently, this
system will promote food safety and
security in our daily lives.

Patents:
- 456E2014-102334 [EBGERE]
- 45FE2012-185373 [RmiERE]
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Development of three channel SQUIDs contaminant
detector for food inspection

By Saburo Tanaka

In terms of food safety, the mixture of contaminants in food is a serious problem
for not only consumers but also manufacturers. In general, the target size of a
metallic contaminant to be removed is 0.5mm. However, it is a difficult task for
manufacturers to achieve this target, because of the present lower system sen-
sitivity. Therefore, we developed a food contaminant detection system based on
high-Tc RF superconducting quantum interference devices (SQUIDs), which are
highly sensitive magnetic sensors. This study aims to improve the signal to noise
ratio (SNR) of the system and detect a 0.5mm diameter steel ball. Using a real
time digital signal processing technique along with analog band-pass filters, we
improved the SNR of the system. Owing to the improved SNR, a steel ball with a
diameter as small as 0.3mm, with a stand-off distance of 117mm was success-
fully detected. These results suggest that the proposed system is a promising

candidate for the detection of metallic contaminants in food products.

The mixture of metallic contaminants
into food is a serious problem not only
for consumers but also manufactur-
ers. To ensure food safety, the finding
of small metallic contaminants is
important. A piece of metal may, for
example, come loose from a machine
used in the processing of food which
may consequently cause metallic
contamination. Thus, finding small
metallic contaminants is important for
food safety. Presently, food manufac-
turers are installing inspection systems
such as eddy current detectors and
X-ray imaging. In particular, the eddy
current metal detector is widely used
in food factories. However, its sensitiv-
ity (threshold level) is unstable and is
highly influenced by the conductivity
of the material being detected. X-ray
imaging is a useful technique and is
gaining popularity in food factories and
in other various industries. However,
the lower detection limit for practical
X-ray usage is in the order of 1mm.
Moreover, X-ray radiation sometimes
causes ionization of the food, which
may often change the taste of the food.

We are proposing a detection system
using SQUID magnetic sensors to
circumvent the difficulties outlined
above. We have developed a detection
system that inspects food packages
with a height of 100mm, which is the
size required for practical food inspec-
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tion. Since the signal is reduced if the
distance between the sensor and the
target (stand-off distance) becomes
large, improvement of the signal to
noise ratio (SNR) for a practical system
is required. Therefore, a program of a
real time digital filter was developed
and applied to the system. The target
size of the metallic contaminant in food
is diameter of ¢ 0.5mm.

The system consists of a permanent
magnet, a conveyor belt, a mu-metal
magnetic shield box, an aluminum
electro-magnetic shield box and three
High-Tc RF SQUID magnetometers.
The controlling and data processing
software used was developed exclu-
sively for this system. A block diagram
of the detection system is shown
in Fig.1. The detection technique
is based on recording the remnant
magnetic field of a magnetic contami-
nant using a SQUID magnetometer.
The packaged food is conveyed on
a conveyor belt and passes the gate
of the magnet. The SQUID sensor
senses the remnant magnetic field of
a metal contaminant in the food. The
SQUID and its driving electronics were
manufactured by Juelicher SQUID
GmbH (JSQ). The noise of each RF
SQUID magnetometer in the system is
300-600fT/Hz"2 at 10Hz, and 70-170fT/
Hz'? at the noise floor (>1kHz). The
signals of the SQUIDs output were

filtered in an analog high pass filter
(-6dB/oct, f,=0.4Hz) and a low pass
filter (-24db/oct, f,= 11Hz), but SNR
was not enough to detect the signal of
a steel ball (SUJ-2) ¢ 0.5mm. There-
fore we considered the introduction
of a real-time moving average digital
filter in addition to the analog filters.
A program (C++) for the digital filter
was developed and evaluated using
the system. The experimental condi-
tions are as follows; conveyer speed:
20m/minute, Stand-off (distance from
SQUID to the test sample): 117mm,
test samples: steel ball ¢ 0.3-0.8mm,
sampling rate: 20-1000Hz, and num-
ber of averaging points: 2-500.

The time trace for the test sample
¢ 0.5mm is shown in Fig. 2. Trace (a)
was obtained before digital process-
ing (analog HPF and LPF are applied),
and trace (b) was obtained after digital
processing. Trace (b) is clear; the ran-
dom noise is 92% reduced but the peak-
to-peak value is 22% smaller than that
before digital processing. As a result,
the SNR is improved approximately 10
times.

Fig.3 shows the dependence of the
SQUID output peak signal on the
sample diameter. The signals scaled
well with the cube of the diameter,
which suggests that the signal was
proportional to the volume of the
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sample. By applying the digital filter, the
SNR for a steel ball of ¢ 0.4mm is 4.2,
which is more than the threshold level
of SNR=83. Therefore, the target of our
project, which is SNR>3 for a steel ball
of ¢0.5mm with distance of 100mm,
has been accomplished by the applica-
tion of the digital filtering technique.

Finally, these results suggest that the
system is a promising tool for the detec-
tion of metallic contaminants in practical
applications.

Patents:

<H5FE2012-19175 [/ EEEEEMOERE
=B

- $5FE2013-165576 [WMEEEEVNZEREHTD
T=HDEE]

- 45BE2013-175030 [HiIMEEEYZRETD
TeHDERBEEFHE]

- #5PE2015-024016 [HiMtEEBEMDRESE
RUBHEE]

- 45FH2015-024017 [HMEBREVMOEZRARE
CRREAE]

3-layered Magnetic Shield

RF-SQUIDs
3-block Magnet

References:

S. Tanaka, M. Natsume, M. Uchida, N. Hotta,
T. Matsuda, Z. Aspanut, et al., “Measurement
of a metallic contaminant in food by high-Tc
SQUID,” Supercond. Sci. Technol., vol. 17, pp.
620-623, 2004.

M. Bick, P. Sullivan, D. L. Tilbrook, J. Du, B.
Thorn, R. Binks, et al., “A SQUID-based metal
detector: comparison to coil and X-ray sys-
tems,” Supercond. Sci. Technol., vol. 18, pp.
346-351, 2005.

H. J. Krause, G. |. Panaitov, N. Wolter, D.
Lomparski, W. Zander, Y. Zhang, et al., “Detec-
tion of Magnetic Contaminations in Industrial
Products Using HTS SQUIDs,” IEEE Trans. on
Appl. Supercond., vol. 15, pp. 729-732, 2005.

S. Tanaka, Y. Kitamura, Y. Uchida, Y. Hatsu-
kade, T. Ohtani, and S. Suzuki, “Development
of Metallic Contaminant Detection System
using Eight-Channel High-Tc SQUIDs,” IEEE
Trans. Appl. Supercond., p. 1600404, 2013.

Electromagnetic Shield

Monitor

Electronics

Fig.1 Block diagram of detection system.

(i Analog filter
[ g
1
>
£
™
B
(7))
PC

Self-adjustment program

Digital filter program

Automatic detection program F

Research Highlightg

30

Steel ball H05 mrln
20 - Analog

O &
Analog + Digital

-10
_20 =
_30 1 1

19 20 21 22

Time [s]

ig.2 Time trace of the test sample (®0.5mm) (a)

Before digital processing. (b) After digital processing

http://www.tut.ac.jp/english/newsletter/

system.
100
Analog
(Noise= 21mvpp)
I e e
IS Analog
w 10 o
g) i
(%) Analog+Digital / \ .
//(Nouse=1ﬁmvpp) /2 Analog+Digital
1 1

05 - l1
Steel ball(SUJ-2) size [mm]

Fig.3 Dependence of the peak-to-peak signal on the
steel ball diameter.

TUT Research No. 7 Nov. 2016



Food contaminant detector using Ultrasound

By Naohiro Hozumi

Ultrasound propagation is

Contamination is a serious issue in the food
industry. Electromagnetic measures can barely
detect non-metallic solid contaminants such as
hair and plastics. As in many cases the food is
not transparent, which makes optical detection
difficult. Ultrasound can reach relatively deep
within the target, although its spatial resolution
is not as good as optical observation. It is
expected that ultrasound can be used to detect
certain solid contaminants that would not other-
wise easily be detected.

Ultrasound, which has a much higher frequency
than audible sound, is subjected to a significant
attenuation in air. Therefore coupling to the tar-
get must be done through some liquid medium
like water. Also the target food must be in the
condition of a liquid, paste, or airless solid.
Liquid state food like milk may be inspected by
coupling a sensor to the flow path like a pipe.
Pouch packed food, which normally does not
include a significant amount of air, may be
transparent to ultrasound. Although the pouch
film is often made of aluminum laminate, its lack
of thickness means that in practice it can be
easily penetrated by ultrasound up to 10 MHz.

Contaminant Bubbles Liquid
food

e

—

Ultrasonic
sensor

X Coupling medium
Contaminant (water) Pouched food

P

) s

Ultrasonic

Teoe-

Measurement

Signal processing
Image processing
Discrimination

influenced by
acoustic transparency, hardness, and scatter.
By applying ultrasound imaging technology,
a food contaminant detector is being devel-
oped. It has the potential to detect non-metal-
lic contaminants like hairs and plastics that are
not easily detected by conventional systems
using optical and electromagnetic measures.

Therefore contaminants in such food pouches
may be detected although coupling to the
sensor must be retained by water. The potential
for contaminant detection would be upgraded
then if ultrasonic detection were added to the
system, as optical and electromagnetic mea-
sures may be inadequate for detection through
aluminum film.

Food processing lines routinely run as fast as
20 m/s. The detection system should be quick
enough to follow the processing speed. In the
case of reflection type detection using equip-
ment similar to the medical B-mode inspector,
the sensor transmits and receives ultrasound
one line at a time. If the number of array
elements is 128, 128 separate line scans are
required to create one B-mode image. So the
number of frames produced in one second may
be as low as 60.

On the other hand if a transmission mode
requiring a single one way trip thorough the
target is employed, one shot of ultrasound can
be received simultaneously by array sensors.
This process can realize extremely high speed

detection. In the project, a prototype was cre-
ated by using an array sensor composed of 512
elements. One shot of ultrasound can create
512 pixels in the image. A transmission image
can be created when the target moves across
the sensor.

The picture represents two hairs arranged
diagonally in a rectangular wire frame that was
placed inwater in an aluminum laminated pouch
film. The hairs can clearly be seen, suggesting
the potential of detection under ideal conditions.
As the ultrasonic beam is not focused, the im-
age of the hairs is somewhat blurred. However
the image may be improved if an acoustic lens
using something like acrilic resin is employed.
Discrimination  between contaminants and
solid ingredients may be realized based on
the difference in transparency. Therefore it can
be expected that this method will prove useful
when applied to the safety control of real food.

Reference:

RIEEH, BNEL, RBEHS, FBREE, mENT, MHA,
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TECHNO, Vol. 28, No. 2 pp. 85-90 (2016)

Fig.1 Concept of ultrasonic detection.

Fig.2 Transmission array sensor and conveyer system.

Fig.3 Hairs in pouche package.
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Rapid and sensitive bacteria detection using microcolony method

combining a fluorescent staining technique and a bioimaging system

By Shigeki Nakauchi

We have developed a novel fluorescent stain-
ing method “metachronic observation”. This
method consists of taking some metachronic
fluorescent staining microcolony data, and
comparing it to fluorescent signals in order
to provide high definition microcolony sig-
nals. In addition, we have developed a novel
method for detecting microcolonies which we
have termed “membrane covering method”, .
This method can be used for staining micro-
colonies above the agar surface, as well as for
staining with fluorescence-labeled antibodies.

Microbiological contamination is a key
issue for the pharmaceutical, food
and beverage industries. However,
traditional methods to detect physi-
ologically active bacteria, such as
the standard incubation method, take
a long time to produce results. Thus,
there is a significant demand for
speedier results from microbiological
detecting methods. To this end, we
conducted research and develop-
ment on a new method for rapid
and defined bacteria detection. This
research was supported by the Tech-
nological Development Project for
Food Safety and Security which was
a part of ‘The Knowledge Hub Aichi,
Priority Research Project 2’.

To begin with, we evaluated the
standard rapid detection method
for bacteria. Then, we focused on a
membrane filtration method, which
is one of the many rapid methods of
bacterial detection. In this approach,
bacterial cells were trapped on a
membrane filter and cultured on nutri-
ent medium. After a brief incubation,
viable cells formed microcolonies and
were stained with fluorescent staining
solution. We identified two key defi-
ciencies of this method as targets for
improvement:
1. Identification of false positive con-
tamination.
2. Standard colony incubation after
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detecting microcolonies.

As a result, we have developed a
new fluorescent staining method
called the “Metachronic observa-
tion method” and in addition the
“Membrane covering method”. The
“Metachronic  observation method”
consists of taking a number of
fluorescent signals at intervals of a
short period of around 1~3 min from
fluorescent staining microcolonies.
Comparison of the fluorescent signals
provides high definition microcolony
signals, removing noise from the con-
taminated debris and background.
This technique has been used for
developing a commercial fluorescent
microcolony detection device named
“ColoColoMee” produced by Tsuchiya
Co., Ltd. Furthermore, we have also
developed the “Membrane covering
method” as a novel microcolony stain-
ing method, which can be used for
staining microcolonies above the agar
surface using a membrane immersed
staining solution, allowing us to stain
with fluorescence-labeled antibodies.

Shinichi  KAIYA, postdoctoral re-
searcher, said “This research was
supported by Technological Devel-
opment Project by Aichi Prefecture
for the development of commercial
products. In the beginning then, |
worried about how | should approach

the development. At that time, we first
validated the system using well-known
biological detecting methods. Also
we targeted the microcolony method
and tried to discover a way to resolve
certain unsolved problems. Finally,
we successfully developed two novel
methods for microcolony detection:
‘metachronic  observation method’
and ‘Membrane covering method’,
and developed a commercial product
‘Microcolony detection system Co-
loColoMee’. | am very happy about
that.”

This developed sytem “ColoColoMee”
has now been improved by Tsuchiya
Co., Ltd. for commercialization. “Colo-
ColoMee” is the first microcolony de-
tecting device using the “metachronic
observation method” and further
research into the “Membrane covering
method” to develop a new function for
the system.

Visual Perception and Cognition
Laboratory, Toyohashi University of
Technology
http://www.vpac.cs.tut.ac.jp/
Tsuchiya Company Limited
http://www.tsuchiya-group.co.jp/
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Shinichi Kaiya, Shigeki Nakauchi (2016) . |
Development of novel bacterial micro-colony

staining method: The 2016 Annual Confer-

ence of the Japan Society for Bioscience,
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AXREZ(222015EE RS A2 HUEDH Fig.1 Appearance of Detecting Device “ColoColoMee” - Results of
IO -— BB DR bacterial micro-colony detection by metachronic observation method. -
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Micro-colony detection Total cultivation for 3 days.
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Lactobacillus fructivorans on MRS agar plate surface.
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Detection raw data Total bacterial E.coli 0157
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Fig.2 Membrane covering method - Lactobacillus fructivorans on
MRS agar plate surface and Staining of fluorescent labeled antibody
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Hick Up

Pick Up

B Toyohashi University of Technology hosts fhe
the 1st TUT-ASEAN University Presidents ne

Forum

Since its establishment, Toyohashi University of Technology (TUT) U IJ J \/ <
has consistently maintained a tradition of active collaboration with '
universities from the ASEAN nations. This activity ranges from
a steady intake of international students to university-industry
cooperation and support for the development of emerging coun-

tries’ higher education.

TUT-ASE

As part of its commemoration of the 40th anniversary of its estab-
lishment this year, TUT will host the 1st TUT-ASEAN University
Presidents’ Forum. On December 18th-19th 2016, TUT's satellite
campus in Penang, Malaysia, will host representatives of more

than 20 universities from over 8 countries.

In line with the event’s theme of “Expanding and Deepening
International Collaboration among Higher Education institutors in
the fields of Engineering and Technology”, we look forward to
productive exchange of opinions and discussions toward greater

cooperation.
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HEditorial Committee

Takaaki Takashima, Chief Editor, International Cooperation
Center for Engineering Education Development (ICCEED)
Kunihiko Hara, Research Administration Center (RAC)
Ryoji Inada,Department of Electrical and Electronic
Information Engineering

Eugene Ryan, Center for International Relations (CIR)
Yuko Ito, Research Administration Center (RAC)

Shizuka Fukumura, International Affairs Division

Tomoko Kawai, International Affairs Division
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