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ABSTRACT

An electronic nose (E-Nose) is a device that uses the pattern of response
across an array of gas sensorsto evaluate qualitatively aswell as quantita-
tively the volatile components of micro and macro environment subjected
thereof. The E-Nose basically mimicsthe operation of the human nose. The
key component in an E-nose is an array of gas sensors. Metal oxide, con-
ducting polymer, quartz crystal microbalance, surface acoustic wave,
MOSFETSs, and optical sensorsare commonly used sensorsin E-Nose. The
output of the E-Nose can be applied in identifying, quantizing and charac-
terizing especially the volatile food components as perceived by human
senses in sniffing process. Present paper elaborates the basics of E-nose
functioning as non destructive methods of head space analysis with its
application as quality inspection of food and allied materials.
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INTRODUCTION

Electronic noseisregarded asamodular system
comprising aset of active material swhich detect the
odour, associ ated sensorswhich transduce the chemi-
cal perceptioninto eectrical signals, followed by ap-
propriatesgna habituationinitialy and processing later
on to train the system to recognize and classify the
known odour or distinguish theunknown odour All the
electronic nosesdevel oped sofar arebased onthesame
working principleasan array of chemica sensorsmim-
icking theolfactory receptors, matched with asuitable
dataprocessing method, alowsretrieving quantitative
and qudlitativeinformationonthechemica environment
emitted fromfood or chemicals. A sensor comprisesa
material whose physical propertiesvary according to

the concentration of some chemical species. These
changesarethentrandated into an electrica or optical
signa whichisrecorded by adevice.

The sensors are non-selective. A chemica com-
pound followingthestepsasgiveninfigure lisidenti-
fied by apattern of the outputs given by the different
sensorsutilizing thetechnique of pattern recognition.
Artificad noses, commonly known as*‘dectronic noses”
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Figure 1: Process stepsin the identification of volatile
components
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have been designed to sense and identify odorantsin
form of organic compoundsin micro or macro environ-
ment subjectedfor andyss. Electronicnosesdiffer from
other sensing systemsinthat they are meant to operate
inthenoisy sensory atmosphere of openair rather than
inthelaboratory. Sensing the presence or absence of a
particular substancewithin acontrolled sampleof air
(or liquid) in alaboratory isamuch smpler problem
than detecting the presence of that substancein ambi-
ent air or water. Sensing elementsthat react to apar-
ticular chemica may react, aswell, to many other sub-
stanceswithsamilar chemica structures. Thus,asingle
sensing element, viewed inisolation, islikely to pro-
duce many false positive readings, and may not cor-
rectly identify aparticular chemica whenitispart of a
mixture. Thesengng system of thenatura nose, incon-
trastisnot only sensitive, but iscapablea so of remark-
abledi scrimination among competing odors. Wine spe-
ciaist can pick up delicatedifferencesin winesjust by
amdlingthem. Thus, themodd provided by thenaturd
noseisided for cregting artificid sensing sysemswhich
operate effectively inthenoisy natural environmental
condition.

The E-Nose consists of threefunctional compo-
nents. The key component isan array of gas sensors
that respond to vol atile organic compounds (VOCs).

Sensor types

1. Electrochemicd sensors
2. Conductance-based sensors.

¢ Metd-oxideand conducting polymers
3. Potentiometric sensors

e Chemicdly senstivefiddeffect trangstors(FETS)
4. Mass-change (Piezod ectric) sensors

e Quartz crystd microbalance (QCM)

e Surfaceacousticwave (SAW) devices
5. Opticd sensors

e Huorescent opticd fibers

e Colorimetric

Samplehandler isanext unit thet transfersthe odor-

ant from asamplecollection deviceto the sensor array.
Last unitisthesignal processing system acceptsthe
sensor array responsewaveformsfor anaysis. Signa
process ng may invol ve pattern recognition using fuzzy
logic, artificia neurd networks(ANN), principal com-
ponent andysis(PCA), genetic agorithms (GA) of soft
computingfor cluster analysis, and di scriminant func-
tionandyss(DFA) of multivariate systems. Theoutput
of the E-Nose can betheidentity of the odorant, an
estimateof the concentration of theodorant, or the char-
acteristic propertiesof the odor asmight be perceived
by ahuman sniffing the odorant.

Workingprinciple

A sensor comprisesamaterid whosephysicd prop-
erties vary according to the concentration of some
chemical species. Thesechangesarethentrandated into
an electrical or optical signal whichisrecorded by a
device.

E-Nose uses a collection of number of different
polymer films. Thesefilmsare specially designed to
conduct eectricity. When asubstance such asthe stray
mol eculesfrom aglass of sodaisabsorbed into these
films, thefilmsexpand dightly, and that changes how
much electricity they conduct (Figure 2).
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Figure2: Sructureof atypical generic chemical sensor
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Figure 3: E-nosetypical setup showing headspace sam-
pling system for volatilecomponent analysis

Technology and engineering

Many industriesrely on sensory panel and Gaschro-
matography (GC) sometimes as head spaceanaysisto
assessthequdlity of aflavoured food products (Figure
3). Their advantage over existing traditiona technolo-
giesisthat they are capable of monitoring broad or
narrow spectraof analytescontinuoudy inred time, at
thepoint of need (Figure4). Bothtechniqueshave ma-
jor drawbacks. Sensory panel s can be subjective and
GCisnot fast and needs skilled peoplefor theinter-
pretation of thedata. That iswhy thereisaneedfor a
fast, smpleand obj ectivetechnique. Two technologies
are used to create a fingerprint of asmell as sensor
array (inmost casesusing metal oxidesensors) or mass
spectrometry (without GC column). Sensorsaremore
sensitive and can be used for quality inspection of raw

Odorant Raw signals

Calibrated signal
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materialsinfood or alied fields, and mass spectrom-
etry ismore selective can avoid theindividual effect
(ethanal) in finished products (beer). Thus, chemical
sensing representsthefast growing areaof anaytica
instrumentation, inall areasof food and allied indus-
tries. Availability of dedicated, inexpensive computa-
tiona capacity and by the need to obtainrapid and pre-
ciseinformation about detection and monitoring of gases
and vgporsoccupiesaprominent podition among chemi-
ca sensors.

Indugtrial applications

¢ Industrial processcontrol and automation of food
processes

¢ Food product development

¢ Qudity ingpection of food and other chemica com-
pounds

Destructiveand nondestr uctiveappr oach

Electronic nosetechnol ogy isdeve oping currently
at afast pace. New systemsare characterized by en-
hanced performance, increased reliability and reduced
cost. Thefocuson recent developmentsinthefield of
chemical sensor technol ogy, sensor systemsand appli-
cation specificinstrumentation are need of hour. New
conceptsinclude advanced user friendly a gorithms,
Improvements on crossinterference reduction, repro-
ducibility and databasetransferability between sysems.
Successful devel opment of an el ectronic noserequires
adevelopment of an array of sensorsthat are specific
to the compoundsof interest.
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Figure4: Block diagram for variousstagesof sensing system
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CONCLUSION

Electronic noseis now becoming availableasa
commercial product. Sensationinto an objective nu-
merical output of the E-Nose and human panel give
resultswhicharequditatively smilar but e ectronicnose
showsabetter defined class separation. Electronic nose
technol ogy isdevel oping currently at afast pace. New
systemsare characterized by enhanced performance,
increased reliability and reduced cost. Therdiability of
this new concept depends on the uses of advanced user
friendly adgorithms, improvementson crossinterference
reduction and databasetransferability between systems.
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