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for the rapid and economic detection of food pathogens 
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Description and features

The biosensor can detect the concentration of food pathogens (or any kind of analyte) 
from the variation of the mechanical resonance frequency of the magnetoelastic transducer
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Description and features

It takes advantage of three main physical mechanisms:

1. Magnetostriction of amorphous ferromagnetic (iron-based) alloys

2. Generation of longitudinal magnetoelastic waves

3. High specificity and affinity thanks to the photochemical 
immobilization of appropriate antibodies
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Mechanism 1: magnetostriction

Magnetostrictive materials (such as
Metglas) mechanically deform (expand or
contract) if subjected to an externally
applied magnetic field, due to the
rotation of the randomly oriented
magnetic domains, resulting in a variation
of the total magnetization that can be
measured remotely using a magnetic field
detector, such as a pickup coil.

European School on Magnetism
September 9-18, 2007 Cluj-Napoca, Romania

Magnetostriction (1)Magnetostriction (1)

Magnetostriction is a phenomenon observed in 
all ferromagnetic materials. It couples elastic, 
electric, magnetic and in some situations also 
thermal fields and is of great industrial interest for 
use in sensors, actuators, adaptive or functional 
structures, robotics, transducers and MEMS.
A magnetostrictive material develops large 
mechanical deformations when subjected to an 
external magnetic field. This phenomenon is 
attributed to the rotations of small magnetic 
domains in the material, which are randomly 
oriented when the material is not exposed to a 
magnetic field. The orientation of these small 
domains by the imposition of the magnetic field 
creates a strain field. As the intensity of the 
magnetic field is increased, more and more 
magnetic domains orientate themselves so that 
their principal axes of anisotropy are collinear 
with the magnetic field in each region and finally 
saturation is achieved 
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1999 [5]. The potential market for food-borne pathogen detection
has attracted great interest in biosensor research. Approximately
38% of reported pathogen biosensors in the past 20 years were
developed for the food industry [10].

Biosensor platforms based on metallic glass materials work on
the principle of magnetostriction. Magnetostriction is an effect that
can be observed in many metallic glass materials. Under an applied
magnetic field, elastic strains are produced in magnetoelastic (ME)
materials resulting in dimensional changes. This property can be
used to construct a resonating platform that can be used as the
basis for a mass sensor. Compared with crystalline materials, these
ME alloys with amorphous microstructures exhibit some of the
highest possible elasticemagnetic energy conversion efficiencies,
hence making them ideal sensors.

Free-standing, phage-based, ME biosensors have recently been
investigated as a wireless detection method for real-time pathogen
monitoring in the field. The ME biosensor is composed of a ME
resonator that is coated with a bio-molecular recognition element
that binds specifically with a target pathogen. The ME resonators
are strip-shaped amorphous ferromagnetic alloys. Under an alter-
nating magnetic field, the resonators undergo a corresponding
oscillating shape change that produces a mechanical vibrationwith
a characteristic resonant frequency. Once the biosensor comes into
contact with the target pathogen, binding between the bio-
molecular recognition element and target pathogen cells occurs.
This causes an increase in the mass of the resonator, resulting in
a decrease of the sensor’s resonant frequency.

Construction of ME biosensors based on FeeB based metallic
glasses have successfully been shown to detect various pathogens
such as Salmonella, Bacillus anthracis spores, and Escherichia coli
[11e22]. These biosensors can be used to simultaneously monitor
various biological processes as well [23e26]. Metallic glasses are
ideal materials for developing ME biosensors. In this paper, we
discuss the application of metallic glasses to ME biosensor devel-
opment. ME biosensors based on amorphous Fe80B20 alloy have
been fabricated using sputtering and lift-off techniques, as well as
electrochemical deposition. E2 phage that specifically binds with
Salmonella typhimurium was immobilized by physical absorption
onto the sensor surfaces. The detection of Salmonella in a liquid is
demonstrated using these ME biosensors.

2. Theory of operation: magnetoelastic (ME) biosensors

ME sensors are a type of acoustic wave (AW) sensor platform.
Acoustic wave (AW) devices have been widely investigated as
biosensor transducers due to their high sensitivity, simple struc-
ture, lowcost, ease of use, and capability to conduct real-time in situ

detection [27e30]. In AW transducers, acoustic waves are gener-
ated in the actuating part of the transducer, thereby causing the
oscillation of the sensor. Acoustic resonators are mass sensitive
sensors. In other words, a change in the mass load on the sensor
surface causes a change in the resonant frequency of the sensor.
AW devices made of ME materials have been investigated and
explored for the development of high performance biosensors
[11,13,18e22,31].

A ME biosensor is comprised of a free-standing sensor platform
made of a strip-shaped ME resonator and a bio-recognition
element (antibody, phage, enzymes, etc.) immobilized on the
sensor platform surface. The operation principle of the ME
biosensor is shown in Fig. 1. ME biosensors work on the principle of
magnetostriction, wherein the material experiences changes in its
dimensions in the presence of a magnetic field. Upon application of
a magnetic field, the randomly oriented magnetic domains in the
material tend to align in the direction of the applied field. A change
in the dimensions of the ME material occurs as a result of the
alignment of the magnetic domains in the material. The ME
materials can efficiently convert the applied magnetic energy into
mechanical oscillations with a characteristic resonant frequency by
applying a time-varying magnetic field. This mechanical vibration
consequently causes an emission of magnetic flux from the reso-
nator. Therefore, the resonator’s resonant frequency, at which the
oscillation of the resonator reaches maximum, can be measured
remotely andwirelessly by a pick up coil. In the pathogen detection,
the biological recognition element immobilized on the ME
biosensor surface would capture the interested agents when the
biosensor contacts the target species. This results in an increase in
mass of the biosensor and a sequential decrease in its resonant
frequency. Therefore, the presence of a target pathogen can be
detected by monitoring the shift in the resonant frequency of ME
biosensors.

For a stripe-shaped ME resonator with length L, width w and
thickness t, vibrating in its basal plane, the fundamental resonant
frequency of longitudinal oscillations is given by [32,33]

f0 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E

rð1 # yÞ

s
1
2L

(1)

where E is Young’s modulus of elasticity, r is the density of the
sensor material, y is the Poisson’s ratio, and L is the length of the
resonator.

Addition of a small mass of Dm, such as the target pathogen cells
binding on the sensor surface, will result in a decrease of the
resonant frequency (f0) by an amount of Df. Therefore, the sensi-
tivity (Sm) of an ME biosensor can be expressed as follows [34,35]:

Fig. 1. The principle of operation of ME biosensors.
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Mechanism 2: magnetoelastic wave
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This is similar to an equation of periodic motion, the frequency of which, in this case, is the 
frequency of the applied magnetic field. A general solution can therefore be written as:  

   (12) 

where U1 and U2 are constants and the complex wave number β is related to angular frequency ω by: 

      (13) 

A solution to this equation gives the value of the resonance frequency due to the applied magnetic 
field H as:  

       (14) 

After applying appropriate boundary conditions (14) becomes: 

       (15) 

Taking into account the effect Poisson’s ratio, σp, the fundamental resonant frequency becomes [37]: 
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In sensor applications the instrumentation is designed to detect this resonance frequency and 
corresponding resonance amplitude, and their change with ambient conditions. For MetglasTM alloy 
2826MB V is approximately 0.33 [37]. 

2.2. Effect of Mass Loading on a Magnetoelastic Sensor  

If a coating of mass Δm is uniformly applied on the sensor surface, the density U can be replaced by 
(ms + Δm)/Ad, where ms is the mass of the sensor, A is the surface area, and d is the thickness of the 
sensor. Solving the equation of motion using the modified U yields a fundamental resonant frequency 
given by [3]: 

    (17) 

For small mass loadings, Equation (17) reduces to (2):  

 

Figure 3 shows the fundamental resonant frequency of a magnetoelastic Metglas™ 2826MB sensor 
ribbon, 38.1 mm by 12.7 mm by 30.5 Pm in size, as a function of the applied DC magnetic biasing 
field [18]. The change in resonant frequency with applied DC magnetic field seen in Figure 3 is 
commonly referred to as the 'E effect. A change of the apparent modulus of elasticity E, depending on 
the state of magnetization, results in a change of the resonant frequency. The minimum resonant 
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When the material is subjected to a time-varying external magnetic field, it mechanically vibrates and a longitudinal
magnetoelastic wave is generated with a well-defined characteristic resonance frequency. Such a frequency strongly
depends on both the material geometry and its mass. Hence it can be used to detect micrometric deformation
(microstrain) of the tape and/or very small mass variations.
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Courtesy of: Li et al., Intermetallics 30 (2012) 80 
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Mechanism 3:
photochemical immobilization

UV irradiated antibodies are immobilized on the Au surface 
and properly oriented thanks to formation of thiols groups
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Hardware 1: test setup

a) Metglas strip and a hosting cell

b) Helmholtz coil to apply DC 
polarization field

c) Coil for drive and detection of the 
RF field

d) Instrumentation for RF signal 
(Vector Network Analyzer in the 
photo)
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Hardware 2: compact readout electronics
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Hardware 3:
surface functionalization

Photochemical Immobilization Technique 
implemented via UV lamp
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Preliminary measurements

 

 
 

 
 

UNIVERSITÀ DEGLI STUDI DI NAPOLI “FEDERICO II” 
Scuola Politecnica e delle Scienze di Base 

DIPARTIMENTO DI FISICA “E. PANCINI” 
 

In blu, il segnale rivelato prima di funzionalizzare il biosensore (bare), mentre in arancione il 
segnale ottenuto una volta funzionalizzato il nastrino. Trovando una curva che approssimi i 
dati sperimentali, si è ricavata la posizione dei minimi e, quindi, la variazione di frequenza  
a causa degli anticorpi immobilizzati sulla superficie. Il risultato della misura è , in 
buon accordo con la stima fornita dalla relazione , nella quale la massa degli 
anticorpi che si lega al nastrino è di circa 200 ng (nota dalla letteratura), mentre la massa del 
nastrino è di 2.5 mg (ricavabile considerando il suo volume e la densità del materiale). 
 
Una volta funzionalizzato il nastrino, abbiamo preparato una soluzione 50 µg/mL di IgG di 
topo, in modo che gli anticorpi immobilizzati sulla superficie del sensore potessero 
riconoscerli e catturarli. Ancora una volta abbiamo registrato una variazione della frequenza 
di risonanza di 10 Hz, in accordo con quanto ci si aspettava tenendo conto che ogni IgG anti-
topo cattura mediamente un IgG di topo e che le due IgG hanno la stessa massa. 
 

 
 
Figura 5: Le tre curve in figura rappresentano, la risposta del biosensore ancora non funzionalizzato (blu), la 
risposta del biosensore una volta funzionalizzato con degli anticorpi IgG (arancione) ed infine la risposta una 
volta riconosciuti gli anti-IgG in soluzione. 
 
I segnali in figura 5 dimostrano, quindi, la fattibilità del biosensore basato sull’effetto magneto 
elastico e, data la sua semplicità costruttiva ed il suo ingombro, la possibilità di effettuare 
misure contemporanee di più analiti (multiplexing). 
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