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Abstract

	 The development of sensitive surface plasmon resonance (SPR) biosensor for the detection 
of illegal compound (clenbuterol) was conducted. For the construction of SPR sensor surface, the 
influence of gold film thickness variations toward resonance angle shift was investigated in order 
to optimize the metal film effect on the sensitivity of detection. In addition, for the construction 
of SPR sensor surface, the various solvents used in the dilution of thiol compound, antigen and 
blocking agent of ethanolamine, were examined. From the gold film thickness variation conducted 
by sputtering deposition method, it was found that the best thickness for SPR sensor surface was 
45-50 nm. This film thickness produce the best SPR angle shift profile with better signal to noise ratio 
(SNR). Moreover, the best solvents combination for the dilution of dithiobis (succinimidyl propionate) 
(DSP thiol), clenbuterol antigen and ethanolamine blocking agent were methanol and PBS buffer 
solution; respectively. By using this combination of solvents, SPR sensor surface could be used 
for multiple analyses up to 100 times by using 0.2 M NaOH for surface regeneration process. 
Clenbuterol was investigated as target compound in this study due to massive used in the livestock  
(pigs, cows, etc.) by farmers for improving the profit, illegally. The illegal compound was detected by 
indirect competitive inhibition method. By comparing several thickness of gold film in the construction 
of the SPR sensor surface, 45-50 nm metal film thickness shows the better sensitivity by 5 ppt.

Keywords: Surface plasmon resonance, Metal film thickness, Clenbuterol, Indirect competitive 

inhibition method.

Introduction

	 Environmental problems are one of major 
global challenges faced by human beings beside 

energy shortage1. Pollution, climate change, global 
warming, deforestation, overpopulation, water 
conservation, and food borne illnesses are common 
environmental problem2–11 in all parts of the world, 
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and the victims in terms of human life and suffering 
is enormous. The problem in food safety also 
creates an enormous burden on the economy12. An 
effective environmental policy requires assessment 
and monitoring of the risks13 to consumer health 
associated with contaminants in raw materials, 
farming practices, and food processing activities. In 
this point of view, biosensors development becoming 
important sector that requires great attention from 
researchers to ensure the environmental quality 
such as food safety in all aspects. Biosensors can 
be considered as a subgroup of chemical sensors 
in which a biological mechanism is used for analyte 
detection14–16. The International Union of Pure and 
Applied Chemistry (IUPAC) defines biosensor as a 
self-contained integrated device that is capable of 
providing specific quantitative or semi-quantitative 
analytical information using a biological recognition 
element (biochemical receptor), which is retained 
in direct spatial contact with the transduction 
element17.

	 For environmental applications, the 
main advantages offered by biosensors upon 
conventional analytical techniques are the possibility 
of portability, miniaturization, work on-site, and the 
ability to measure pollutants in complex matrices 
with minimal sample preparation18-20. Although 
many of the developed systems cannot compete 
yet with conventional analytical methods in terms of 
accuracy and reproducibility, regulatory authorities 
and industry can use these systems to provide 
enough information for routine testing and screening 
of samples considering their biological basis makes 
them ideal for toxicological measurement21–23. For 
this reason, biosensors are being developed and 
utilized for monitoring in environmental samples, 
while conventional techniques can only measure 

concentrations24.

	 β-Agonists are usually used as drugs for the 
treatment of respiratory diseases and asthma25–30. 
However, due to their potential roles in reducing 
animal fat levels and increasing the amount of 
muscling in livestock, β-agonists were used in animals 
as growth promoters to increase the daily weight 
gain. β-agonists compounds can be easily stored in 
human tissues after meat consumption, and result 
in many serious health problems with symptoms 
such as palpitations, tremors and tachipnoea31-33.

Recently, more than 150 countries have strictly 
banned the use of β-agonists in stockbreeding, 
including China, Japan and Europe countries, due 
to their negative side effects in the human body34-36. 
Biosensors are effective technology for detecting 
chemical and biological analytes since the device 
incorporating with biologicals or biologically derived 
sensing element either intimately associated with or 
integrated within a physicochemical transducer. The 
usual aim in the biosensors devices is to produce 
a digital electronic signal, which is proportional to 
the concentration of a specific analyte or group of 

analytes.

	 Surface plasmon resonance (SPR) is mass 
transducer based on surface plasmon phenomena. 
SPR can measure the refractive index changes 
occurring at the interface caused by the binding 
of target analytes with biointerfacial materials  
(1 mdeg ~ 10 RU ~ 1 ng/cm2). In our SPR system, 
the LOD can be reached up to 30 pg/cm2 (0.3 RU). 
SPR monitors the binding interactions between a 
biomolecule (antibody) immobilized on a transducer 
surface with its biospecific partner (analyte) in 
solution without the need of labeling biomolecules 
by exploiting the interfacial refractive index changes 
associated with any affinity binding interaction. Since 
its introduction in early 1990s37–39, SPR plays a central 
role in the research of biomaterial characterization, 
kinetics of antibody–analyte interactions in drug 
discovery and detection of a variety of chemical and 

biological substances40–47.

	 In principle, SPR measures the change 
of the dielectric constant occurring at the interface. 
There are two important components in the SPR 
system: a) optical setup for the excitation and 
interrogation of surface plasmons, b) biomolecular 
recognition elements, which are immobilized on the 
sensor surface. The resonance of surface plasmons 
with evanescent field based on total internal 
reflection occurs when incident beam of p-polarized 
light strike an electrically conducting metal layer at 
the interface of a glass chip. Several techniques 
were commonly used to couple evanescent wave 
into surface plasmon polariton (SPP), and these 
techniques known as the configuration of SPR.
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Fig. 1. Surface plasmon resonance configurations: (a) Otto configuration, (b) 
Kretschmann configuration, and (c) Diffraction grating

	 In practical application, Kretschmann 
configuration was preferable to use because  
Otto and diffraction grating configurations require 
high nano-technology to set-up the dielectric  
medium gap and diffraction grating surface in nano 
meter order.

	 If a thin metal film is positioned at the 
interface between two media, the evanescent wave 
of incident light is able to interact with free electrons 
(plasmons) in the metal film at a narrow angle range 
of incident light (SPR angle). The interaction between 
an evanescent wave and a surface plasmon in the 
attenuated total reflection method can be described 
using the Fresnel theory, represented by Fresnel’s 
equation to estimate the reflection coefficients and 
transmission coefficients.

(1)

(2)

(3)

(4)

	 When this surface plasmon is resonantly 
excited with the evanescent wave of the incident 
light, a longitudinal charge density wave propagates 
along the interface between two different media. 
In this situation, light energy is lost to the metal 
film and the intensity of reflected light decreases. 
From the resonance phenomena, the wave number 
of evanescent equal to wave number of surface. 
plasmon.

(5)

(6)

(7)

(8)

Materials and Method

Materials
	 Potassium hydroxide and ethanol (99.5%) 
were obtained from WAKO, Japan, while sodium 
hydroxide was from Junsei chemical Co., Ltd., 
Japan. Dithiobis succinimidyl propionate (DSP) 
and phosphate buffer saline (PBS) were purchased 
from Sigma Aldrich, USA. Methanol (99%) was 
obtained from Dojindo, Japan. Perchloric acid 
was purchased from Kanto Chemicals, Japan. 
Clenbuterol hydrochloride and monoclonal mouse 
IgG antibody of clenbuterol (Ab) were ordered from 
LKT laboratories, Inc., USA and Novus Biologicals, 
USA, respectively. Refractive index matching fluid 
(refractive index = 1.518) was obtained from Cargille 
Labs., USA. All chemicals were of reagent or higher 
grade, and water (18.2 MW cm) from a Millipore 
system was used in all experiments.

Method
	 In this research, SPR experiments were 
performed on SPR-670 (Nippon Laser Electronics, 
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Japan) equipped with a fully automated flow system 
consisting of a plunger pump and an injector (Fig. 
3). The Au-chip was mounted on the semi-cylindrical 
prism with a refractive index matching liquid. Red 
light (670 nm) emitted from Ni–Cd laser was reflected 
at the Au-coated glass plate at attenuated total 

reflection angles, and the reflected light intensity 
was recorded using CCD camera. The reflectance 
angle, at which the light intensity was minimum  
(SPR angle), was recorded with time. All the 
experiments were conducted in an air-conditioned 
room (25 oC).

Fig. 3. SPR 670 from Nippon Laser and Electronics-Japan: (a) sensing part,  
(b) SPR solution part including plunger and peristaltic pumps, (c) flow system

	 STM experiments were conducted using 
a NanoScope STM III (Digital Instruments, USA) 
operating in the constant current mode (a few 
hundred picoampere) with the bias voltage typically 

between 0.5 and 1 V. For imaging, Pt/Ir (80/20) 
mechanically cut tips (diameter = 0.25 mm, Bruker, 
USA) were used to scan the surface.

Fig. 2. Schematic representation of SPR biosensor: (a) optical set-up of SPR sensor  
combined with flow system, (b) CCD camera before and after the analyte binding,  

(c) SPR response versus time
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Results and Discussion

	 Surface plasmon resonance was known as 
mass transducer which is calculated direct/indirectly 
the dielectric constant of the interface system. By 
inserting number of dielectric constants; εAu-50nm 
= 0.04, εmethanol = 32.7 and refractive index of 
prism = 1.62, the following curve (almost linear) was 
achieved (Figure 4).

	 Therefore, the dielectric constants change 
at the interface directly affected on the SPR angle. 
As the analyte binds to the the sensor surface, 
the refractive index and SPR angle changes  
strongly correlated to the increase of the mass  

at the sensor surface. A sensorgram can be 
obtained in real time by plotting the SPR signal 
against time when the interaction between analyte 
and the immobilized receptor occurs at the sensor 
surface48.

	 From the experiment studied the metal 
thickness effect on the SPR angle shift, the data as 
mentioned in Fig. 5 below.

	 The Figure above showed that the metal 
thickness of 450-500 seconds (about 45-50 nm) 
produced the best SPR angle shift for the analysis by 
better sharp angle and higher intensity as predicted 
by SPR Lab-View simulation program. Fig. 6 showed 
the solution effect on SPR sensorgram profile as 
mentioned below.

	 From the above Figure, it was noticed that 
the changing of SPR solution type from methanol to 
the PBS buffer solution affected on the SPR angle 
(Δθ) for about 900-1000 mdeg. The experimental 
result just in accordance with the data taken from 
SPR Lab-View program (Figure 6). 

	 In the detection process, indirect competitive 
inhibition method was used to evaluate the metal 
film thickness effect (Fig. 7). SPR sensor surface 
constructed from 45-50 nm gold film thickness 
produce better sensitivity with 5 ppt than 20 nm 
metal film thickness. Furthermore, 45-50 nm metal 
film thickness revealed the better SPR angle shift 
(Δθ) than 20 nm with the highest SPR angle shift in 
the detection process at 41.0 mdeg.

Fig. 4. Dielectric constant change of ad-layer  
affected on the SPR angle

Fig.  5. SPR intensity affected by Au metal thickness for (a) SPR Lab-View simulation program; and  
(b) The Au surface prepared by sputtering machine
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Fig. 7. SPR sensor detection of clenbuterol by indirect competitive inhibition method

Conclusion

	 The study on metal film thickness and 
various solvents effect on the SPR biosensor 
sensitivity for illegal compound detection resulted 
in some important points. First, the thickness of 
metal film at about 45-50 nm showed the best SPR 
angle shift by better shape and intensity. Second, 
the solution SPR type in the construction of sensor 
surface affected on the SPR angle profile, thus, 
determine the sensitivity in the detection. Finally, 

the SPR mass transducer sensor surface could be 
optimized by selecting the best metal thickness at 
45-50 nm, thus produce better sensitivity at 5 ppt in 
the detection of clenbuterol.
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