
 

 

  
Abstract—This research presents the design, fabrication and 

application of a flavor sensor for an integrated electronic tongue and 
electronic nose that can allow rapid characterization of multi-
component mixtures in a solution. The odor gas and liquid are 
separated using hydrophobic porous membrane in micro fluidic 
channel. The sensor uses an array composed of microbeads in 
micromachined cavities localized on silicon wafer. Sensing occurs 
via colorimetric and fluorescence changes to receptors and indicator 
molecules that are attached to termination sites on the polymeric 
microbeads. As a result, the sensor array system enables 
simultaneous and near-real-time analyses using small samples and 
reagent volumes with the capacity to incorporate significant 
redundancies. One of the key parts of the system is a passive pump 
driven only by capillary force. The hydrophilic surface of the fluidic 
structure draws the sample into the sensor array without any moving 
mechanical parts. Since there is no moving mechanical component in 
the structure, the size of the fluidic structure can be compact and the 
fabrication becomes simple when compared to the device including 
active microfluidic components. These factors should make the 
proposed system inexpensive to mass-produce, portable and 
compatible with biomedical applications. 

 
Keywords—Optical Sensor, Semiconductor manufacturing, 

Smell sensor, Taste sensor. 

I. INTRODUCTION 
challenging problem in the food and beverage processing 
industries is how to ensure the quality of products. This is 

achieved by spending significant time and effort on assessing 
the flavor of samples. Traditionally, panels of trained experts 
evaluate quality parameters; however this suffers from a 
number of drawbacks. For example, sensory panels are time 
consuming, expensive, discrepancies can occur due to human 
fatigue or stress and clearly cannot be used for online 
measurements. Thus the development of alternative methods 
to organoleptic panels for the objective assessment of food 
products, in a reliable and cost-effective manner, is highly 
desirable. 

Although e-tongues still stray considerably from natural 
taste sense, they have shown good correlations with 
organoleptic scores given by human panelists. Comparing 
both taste systems, artificial senses are not subjective, do not 
become tired or infected and can be used in a wider range of 
samples. Moreover, e-tongues can have better sensitivity than 
the human tongue and can detect substances undetectable by 
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their natural counterparts. This is because the taste system in 
humans is not as highly developed. This device can be used 
for the recognition, classification and quantitative 
determination of multiple component concentrations [1].  

The combination of artificial sensors (for taste and smell) 
has the potential to reduce the need for flavor panels, since 
their outcome can be correlated to a human-based sensory 
experience. The fusion of various measurement techniques 
was recently proposed to improve the recognition capabilities 
of the electronic tongue systems [2]. The fusion of data 
obtained by two electronic tongue systems was presented. 
However, its liquid sensors and gas sensors were used, 
respectively. Through this study, we propose a model of 
integrated sensors, liquid and gas measurement simultaneously 
on one substrate. 

II. PRINCIPLES 

A. Optical Sensor 
Sensing is based on the optical changes that occur in 

receptors and indicator molecules attached to the polymeric 
microbeads that are typically a few hundred micrometers in 
diameter. The microbeads are located in a pre-set arrangement 
of micromachined cavities. The resulting optical signatures 
form a pattern that can be identified and quantified using 
Image software on a workstation. Since signal transduction is 
accomplished by the analysis of the optical (absorbance for 
colorimetric detection and fluorescence) signals from the 
microbeads, optical access through the microfluidic structure 
is required, as illustrated in Fig. 1.  

 

 
Fig. 1 Optical detection and data analysis systems 

 
An optical illumination source, a white light for 
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either, so the patients were tested almost had severe lung 
cancer [7]. 

In another study the relation between oral cancer and ion 
contents was shown. Oral cancer is the sixth most common 
human cancer, with a high morbidity rate and an overall 5-
year survival rate of less than 50%. It is often not diagnosed 
until it has reached an advanced stage. Therefore, an early 
diagnostic and stratification strategy is of great importance for 
oral cancer. In this reference, urine samples of patients with 
oral squamous cell carcinoma (OSCC, n = 37), oral 
leukoplakia (OLK, n = 32) and healthy subjects (n = 34) were 
analyzed by gas chromatography mass spectrometry (GC–
MS). Using multivariate statistical analysis, the urinary 
metabolite profiles of OSCC, OLK and healthy control 
samples can be clearly discriminated and a panel of 
differentially expressed metabolites was obtained. Typical 
total ion current (TIC) chromatograms of urine samples from 
the OSCC group, OLK group and healthy control group are 
shown in Fig. 6; obvious differences can be observed among 
the three urinary chromatograms [8]. 

In another research the use of volatile production patterns 
produced by bacterial contaminants in urine samples were 
examined using electronic nose technology. In two 
experiments 25 and 45 samples from patients were analyzed 
for specific bacterial contaminants using agar culture 
techniques and the major UTI bacterial species identified. 
These samples were also analyzed by incubation in a volatile 
generation test tube system for 4-5 h. The volatile production 
patterns were then analyzed using an electronic nose system 
with 14 conducting polymer sensors. In the first experiment 
analysis of the data using a neural network (NN) enabled 
identification of all but one of the samples correctly when 
compared to the culture information. In the second experiment 
it was again possible to use NN systems to examine the 
volatile production patterns and identify 18 of 19 unknown 
UTI cases. Only one normal patient sample was mis-identified 
as an E. coli infected sample. Discriminant function analysis 
also differentiated between normal urine samples that infected 
with E. coli and with Staphylococcus spp. This study has 
shown the potential for early detection of microbial 
contaminants in urine samples using electronic nose 
technology for the first time. These findings will have 
implications for the development of rapid systems for use in 
clinical practice [9]. 

Scientists are reporting an advance [10] toward a fast, 
inexpensive urine test to detect and monitor the effectiveness 
of treatment for tuberculosis (TB), which is on a rampage in 
the developing world. Their study appears in the ACS’ journal 
Analytical Chemistry. A team led by Virander Singh Chauhan 
and Ranjan Kumar Nanda notes that TB strikes an estimated 
10 million people and kills 3 million each year, mostly in 
developing countries. Health care workers diagnose the 
disease by identifying the TB bacterium in sputum or blood 
samples. But current tests tend to be time-consuming, 
sometimes taking days or weeks to give results. The tests also 
require the use of specially trained personnel or expensive 
equipment that might not be available in some areas. The 

scientists describe an advance toward a test that overcomes 
these drawbacks. They analyzed so-called volatile organic 
compounds (VOCs) — substances that evaporate easily in the 
air — present in the urine of TB patients and compared them 
with VOCs in the urine of healthy patients. The scientists 
found that infection with TB produces a distinct pattern of 
certain VOCs in much the same way that distinct fingerprint 
patterns can identify individuals. Identification of these 
patterns sets the stage for developing a portable “electronic 
nose” that can quickly sniff urine samples to detect TB, the 
scientists suggest. 

 

 
Fig. 6 The scores plot of the spectral data from the OSCC group, 

OLK group and the healthy control group 
 
While in above researches separate experiments using 

electronic nose or electronic tongue has been applied for 
detection of abnormal condition in the body we suggest our 
design ET/EN in combination for experiments of abnormal 
condition in the urine. Usually cancers are not detected till it is 
highly developed in the body. If the cancer can be discovered 
and treated promptly and at early stages, the survival rate 
would increase. Our proposed instrument also might be 
applied for detection of cancers which affect the urine, further 
research in this regard is necessary for proper conclusion. 

REFERENCES 
[1] G. Sehra, et al., Sensors and Actuators B, vol. 103, 233–239, 

2004“Miniature taste sensing system based on dual SH-SAW sensor 
device: an electronic tongue”,  

[2] Corrado Di Natale, et al., AnalyticaChimicaActa, “Application of 
metalloporphyrins-based gas and liquid sensorArrays to the analysis of 
red wine”, vol. 513, 49–56, 2004 

[3] Young-SooSohn, et al., “A microbead array chemical sensor using 
capillary-based sample introduction: toward the development of an 
“electronic tongue”, Biosensors and Bioelectronics, vol. 21, 303–312, 
2005 

[4] Maik Kraus, Ulrike Krewer, “Experimental analysis of the separation 
efficiency of an orientation independent gas/liquid membrane 
separator”, Separation and Purification Technology, vol. 81. 347–356, 
2011 

[5] Ilwhan Oh, et al., “Electrochemical Multiphase Microreactor as Fast, 
Selective, and Portable Chemical Sensor of Trace Toxic Vapors”, IEEE 
Sensors Journal, vol. 8, no. 5, 2008 

[6] Buratti S., Sinelli N., Benedetti S., Ballabio D. and Giovanelli G. 
Nantes, “Monitoring of Alcoholic Fermentation Using NIR and MIR 
Spectroscopy combined with Electronic Nose and Electronic Tongue”, 
18-20, 2011 

[7] Xing Chen, Mingfu Cao, Yi Li, Weijun Hu, Ping Wang, Kejing Ying 
and Hongming Pan, “A study of an electronic nose for detection of lung 
cancer based on a virtual SAW gas sensors array and imaging 
recognition method”, Meas. Sci. Technol. vol. 16, 1535–1546, 2005 

World Academy of Science, Engineering and Technology
International Journal of Biomedical and Biological Engineering

 Vol:8, No:7, 2014 

406International Scholarly and Scientific Research & Innovation 8(7) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

m
ed

ic
al

 a
nd

 B
io

lo
gi

ca
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

7,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
88

76
.p

df



 

 

[8]  “Urine metabolite profiling offers potential early dianosis of oral 
Cancer”, JiaMetabolomics vol. 8, 220–231, 2012 

[9]  “Use of an electronic nose system for diagnoses of urinary tract 
infections”. BiosensBioelectron., vol. 17 893-899, 2002 

[10]  “ACS News Service Weekly PressPac”, an advance toward an 
“electronic nose” urine test for TB, 2011 

World Academy of Science, Engineering and Technology
International Journal of Biomedical and Biological Engineering

 Vol:8, No:7, 2014 

407International Scholarly and Scientific Research & Innovation 8(7) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

m
ed

ic
al

 a
nd

 B
io

lo
gi

ca
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

7,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
88

76
.p

df


