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ABSTRACT

Biosensors are analytical tools or systems consisting of an immobilized
biological sensing material in close contact with asuitable transducer that
convert the biochemical signals to a quantifiable electrical signal.
Biosensors are now used in variety of disciplines, including medicine,
food industry and environmental science. It isbecoming increasingly im-
portant for researchers and scientists in these areas and other fields to
have sound understanding of the different types of biosensors, which can
be used, the principles behind them, and their advantageswith their limita-
tions. This review discusses the basic features of biosensors, types of
biological materials used and detail s of most important types of biosensors
currently used specifically in food industry. Online use of biosensor in
processing of food materials is also discussed in detail with electronic
control systems to make its use relevant as an emerging technology for
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food processors.

INTRODUCTION

Biosensorsareone of theleading applications of
biotechnology of relevanceto thefood industry. These
deviceshavetheability to providerapid, cost effective,
specificand reliableobjective analytical results. Food
technologistsare under enormous pressure now aday
to comply withlegidation and satisfy consumersdueto
increased demandsfor organic food, fresh food, free
fromtracesof chemicasand pathogenic micro-organ-
ism, whichrequire better diagnostics methodsfor redl-
timeanalysis. Asaconseguence, food hasto be chemi-
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cally analyzed for anumber of compoundswhich are
indicativefor the parameters mentioned above. Analy-
seshaveto be carried out upon delivery of raw mate-
ria at afood-producing company, during the process
of food production, and prior to delivering the product
toacustomer.

A typicd biosensor consistsof abiologica compo-
nent and an electronic devicethat convertsthebiol ogi-
ca sgnd intoameasurableoutput (Figure1). Thebio-
logical part of the sensor reactswith aparticular sub-
stance of interest to produce aphysical or biochemica
changethat is detected and converted to an el ectrical
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Figure1: Schematic diagram of atypical biosensor
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Figure2: Block diagram for variousstagesof sensing system

signa by thetransducer. Theamplifier increasesthein-
tensity of thesignal sothat it can bereadily measured.
The bio-interface between the anal yte/receptor and
transducer isakey element in designing asuccessful
biosensor. Thesecomponentsare usudly housed often
withinasingle portable unit. Theincorporation of bio-
logical materia ssuch asenzymes, antibodies, microor-
ganisms, tissues and receptors, as sensing elements
makestheordinarily used transducer moresdectiveand
sengtive. Thedeve opment of computer and e ectron-
icstechnologies provides strong support to fast, con-
sistent Signa measurement, datacollection, and infor-
mation analysis. Thisautomation can result in objec-
tive, fast, consstent food quality evaluation systems, a
significant advancement for food engineering and in-
dustry.

Biosensors
Theterm ‘biosensor’ isa so used to cover sensor

devicesused in order to determinethe concentration of
substancesand other parametersof biological interest
even wherethey do not utilize abiological system di-
rectly. Biosensorsare animportant and powerful de-
vel opment inana ytical measurement technology asthey
are ableto measure the presence, absence or concen-
tration of analytesaccurately andrapidly. Their advan-
tageover existing traditiona technologiesisthat they
are capable of monitoring broad or narrow spectraof
anaytescontinuoudy inreal time, at thepoint of need
(Figure2). Thekey part of abiosensor isthebiologica
component and transducer, which makesuseof aphysi-
ca changeaccompanying thereaction (Figurel). This
may be
e The heat output by the reaction (calorimetric
biosensors)
e Thechangesindistribution of chargescausing the
changes in electrical potential (potentiometric
biosensors).
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e Themovement of electrons produced in aredox
reaction (amperometric biosensors)

¢ Thedetectionand amplification of antigen-antibody
reaction (immuno biosensors)

e The light output during the reaction (optical
biosensors)

¢ Theeffectsduetothe massof thereactantsor prod-
ucts (piezo-electric biosensors)

Featur esof biosensor

Thesuccessof any biosensor dependsoninherent
bas cfeatures.

e Thebiological component or biocatalyst must be
highly specific, sensitive, robust and stable under
normal storage conditionsfor large number of as-
says

¢ Thereaction should be asindependent of physical
parameters

e Theresponse should be accurate, precise, repro-
ducibleandlinear over theuseful anayticd range

¢ Thesensing should befreefrom different typesof
noises

e Theprobemust beflexibleingzeand biocompatible,
having notoxicor antigenic effects

e Thebiosensor should becheap, smal, portableand
user friendly

Types of biosensors

Biosensors can be classified infollowing two cat-
egories.
e Basedonbiologica component of sensor
e Based onphysicd changesto bemeasured by trans-
ducers

Biological componentsof biosensors
Enzymes

Bio-catdyst basically the protein mol ecul esrecog-
nizesaparticular target substanceinasmilarwaytoa
key fitting alock. It then attachesitself to the substance
and convertsit toachemically different product. This
product isoften something that can be detected easily,
such asasubstancethat emitslight. Likeluciferasere-
actswith thecompound luciferininthe presenceof oxy-
gen and adenosine triphosphate (ATP) to make
oxyludferinachemicdly different product thet emitslight.
Thisreactionisusedinanumber of commercidly avall-

able biosensors, some of which areused to detect tox-
icity insoil or bacteria contamination.

The enzyme glucose oxidase acts on glucose to
produceandectrochemica sgnd, whichisproportiond
to theglucose concentration. Thistechniqueenablestiny
amountsof analyteto bedetected readily and rapidly.

Some enzymes have specific inhibitors and
bi osensorsincorporating these enzymes can beused to
determinethe concentration of such inhibitorsinthe
sample. Thestrength of the signa produced by thebio-
sensor decreases as organophosphates pesticide con-
centrationincreasesand providesareliabletest for pes-
ticide contamination.

Antibodies

They areproteins produced by theimmune system
of living organismsinresponseto thepresenceof ‘for-
eign’ micro-organisms (bacteriaand viruses). Unlike
enzymes, antibodiesdo not catalyze reactionsbut rec-
ognize and bind to specific molecules. They can gener-
aly betailored to agreater extent and can be produced
for the detection of specificindustria chemicals.

Microor ganisms

e Themicroorganismsusedwithin biosensorsaretypi-
caly bacteriaor yeast cells. Thistype of biosensor
generdly employsoneof threepossblemechanisms:

e Thetarget analyte actsas ‘food’ for the microor-
ganism. The most widely used micro-organism-
based biosensors are thosethat detect biodegrad-
able organic compounds. Themicroorganismsare
immobilized onto e ectrochemica transducerstoa-
low therate of metabolism of the organic compounds
to bemeasured.

e Broad range of toxic compounds can reduce the
activity of the microorganisms used within
biosensors. Thesebiosensorsaretherefore particu-
larly suitablefor generd toxicity screening. Theres-
piration of the microorganismscan be detected by
optica or eectrochemicd transducers.

o Genetically modified microorganismscan recognize
the presenceof particular substances. The presence
of toxic compoundsinhibitstheenzymereactionand
thereductioninthelight signal isused asanindica-
tion of sampletoxicity.
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Physical changesto bemeasureby transducers
Amperometric biosensors

Amperometric biosensorsfunction by the produc-
tion of acurrent when apotential isapplied between
two electrodes. They generally haveresponsetimes,
dynamicrangesand senditivitiessmilar tothe potentio-
metric biosensors. The simplest amperometric
biosensorsin common usageinvolvethe Clark oxygen
electrode. Thiscons stsof aplatinum cathodeat which
oxygenisreduced and asilver/dlver chloridereference
electrode. When apotential of -0.6V, relativeto the
Ag/AQCI eectrodeisapplied to the platinum cathode,
acurrent proportional to the oxygen concentrationis
produced. Thisgeneratesacurrent (I), whichiscarried
between the el ectrodes by means of asaturated solu-
tion of KCI. Thiselectrode compartment is separated
from thebiocatalyst (glucose oxidase) by athin plastic
membrane, permeable only to oxygen (Teflon,
polytetrafluoroethylene). The anal ytesolutionissepa
rated from the biocatalyst by another membrane, per-
meabl eto the substrate and product. Thisbiosensor is
normally about 1 cmin diameter but has been scaled
down to 0.25 mm diameter using a Pt wire cathode
within asilver plated steel needleanodeand utilizing
dip-coated membranes. Thefollowing reactionsoccur:
Aganode 4Ag°+4ClIF — 4AgCl +4e
Pt cathode O,+4H*+4e - 2H,0

Theefficient reduction of oxygen at the surface of
the cathode causesthe oxygen concentration thereto
beeffectively zero. Therate of thiselectrochemica re-
duction therefore depends on therate of diffusion of
the oxygen from the bulk solution, which isdependent
on the concentration gradient and hencethe bulk oxy-
gen concentration. Itisclear that thisprocess consumes
asmall but sgnificant proportion of the oxygen present
inthe bulk; the oxygen e ectrode measuring therate of
aprocessthat isfar from equilibrium, whereasion-se-
lective dectrodesare used closeto equilibrium condi-
tions. Thiscausesthe oxygen dectrodeto bemuch more
sensitiveto changesin thetemperaturethan potentio-
metric sensors. Determination of glucose concentrations
requiresanimmobilized glucoseoxidasemembrane. The
reaction resultsin areduction of the oxygen concentra-
tion asit diffusesthrough the biocata ytic membraneto
the cathode, thisbeing detected by areductioninthe
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current between the e ectrodes.
Calorimetric biosensors

Many enzyme catalyzed reactions are exothermic,
generating heat, which may be used asabasi sfor mea
suring therate of reaction and hencethe analyte con-
centration. Thisrepresentsthemost generdly applicable
typeof biosensor. Thetemperature changesareusudly
determined by meansof thermistorsat theentranceand
exit of small packed bed columns containingimmobi-
lized enzymeswithin aconstant temperature environ-
ment. Under such closaly controlled conditions, up to
80% of the heat generated in thereaction may bereg-
istered asatemperature change. Thismay besmply
calculated from the enthal py change and the amount
reacted. If almM reactant iscompletely converted to
product in areaction generating 100kJmole* then each
ml of solution generates0.1Jof heat. At 80% efficiency,
thiswill causeachangein temperature of the solution
amounting to approximately 0.02°C. Thisisabout the
temperature change commonly encountered and neces-
Statesatemperature resol ution of 0.000°C for thebio-
sensor to begeneraly useful.

Immunosensors

Biosensors may be used in conjunction with en-
zyme-linked immunosorbent assays (ELISA). ELISA
Isused to detect and amplify an antigen-antibody reac-
tion; theamount of enzyme-linked antigen bound tothe
immobilised antibody being determined by therdative
concentration of the free and conjugated antigen and
quantified by therate of enzymicreaction. Enzymeswith
highturnover numbersareusedin order to achieverapid
response. The sengitivity of such assaysmay befurther
enhanced by utilising enzyme-cataysed reactionswhich
giveintrinsically greater response; for instance, those
givingriseto highly coloured, fluorescent or biolumi-
nescent products. Assay kitsusing thistechniqueare
now availablefor avast range of analyses.

Recently ELISA techniqueshave been combined
with biosensors, to form immunosensors, in order to
increasetheir range, speed and sensitivity. A smple
immunosensor configuration is a tube coated with
(immohilised) antigen. An excessof specific antibody-
enzyme conjugateisplaced inthetubeand alowed to
bind. After asuitabl e period any unbound material is
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washed off. Theanalyteantigen solutionispassed into
thetube, binding and rel easing some of the antibody-
enzyme conjugate dependent upon the antigen’scon-
centration. Theamount of antibody-enzyme conjugate
released is determined by the responsefrom the bio-
SeNsor.

Optical biosensors

Therearetwo main areas of development in opti-
ca biosensors. Theseinvolve determining changesin
light absorption between the reactants and products of
areaction, or measuring thelight output by alumines-
cent process. Theformer usualy involvethewidely es-
tablished, if rather |ow technol ogy, useof colorimetric
test strips. These are disposable single-use cellulose
padsimpregnated with enzymeand reagents. Thecom-
mon useisfor blood glucose monitoringin diabetes.

Piezo-electric biosensors

Piezo-electric crysta svibrateunder theinfluence
of andternating el ectrica field. Thefrequency of this
oscillation (f) dependsontheir thickness. Each crysta
ishaving acharacteristic resonant frequency. Thisreso-
nant frequency changes as mol ecules adsorb or des-
orbsfrom the surface of the crystal, obeying therela-
tionships
Af=Kfam/A

Where Af isthe changein resonant frequency (Hz),
Amisthechangein massof adsorbed materid (g), K is
aconstant for the particular crystal dependent on such
factorsasitsdensity and cut, and A isthe adsorbing
surfacearea(cm?).

A ampleuseisasforma dehydebiosensor, utilisng
aforma dehyde dehydrogenase coating immobilised to
aquartz crystd and sensitiveto gaseousforma dehyde.
Themajor drawback of these devicesistheinterfer-
encefromatmospherichumidity andthedifficultyinusing
themfor the determination of materid insolution. How-
ever, they areinexpensive, smal, robust and capabl e of

givingarapid response.
Potentiometric biosensors

Make use of ion-selective electrodesin order to
transducethebiological reactioninto aneectrica sig-
nd. Inthesmplest termsthiscong stsof animmobilized
enzyme membrane surrounding the probefrom apH-

meter, wherethe catal yzed reaction generatesor ab-
sorbshydrogenions. Thereaction occurring next tothe
thin sensing glass membrane causes achangein pH
which may beread directly from the pH-meter’sdis-
play. Typical of the use of such electrodesisthat the
electrical potentia isdetermined at very high imped-
ancedlowing effectively zero current flow and causing
no interferencewith thereaction.

Industrial applications

Biosensor technology ishavinganincreasingim-
pact on manufacturing industry with asignificant op-
portunity for itsexpansion. The applicationin areas
whererapid detection, high sensitivity and specificity
areimportant should provide acontinuing driver for
scientific development aswell ascommercidization. A
number of potentia industria applicationsfor biosen-
sor technology areoutlined as.
¢ All manufacturing sectorsfor acost-effective, rapid
meansof monitoringindustrid effluent

e Water quality assessment in chemical, food and
pharmaceutica industries

e Andyticd qudity control and monitoring, especidly
for quantitativeand differential analyssof gasmix-
turesfrom chemical processesand products

¢ Theanayssof volatile organic compoundsin pet-
rochemica industries

e Monitoring of bleaching processesandin detection
of toxic substancesin paper and pul p industry

¢ In-gtuoperdioninthecharacterization, remediation
and post-closure monitoring of contaminated land
and hazardouswaste sites

e AsGlucose Sensor, Lactate Sensor, Alcohol Sen-
sor, Biochemical Oxygen Demand Sensor, Sensor
for detection of microbes, Biosensorsto detect E.
coli infood,

¢ Sensorsfor the detection of fish, meat and poultry
flesh and product quality assessments.

CONCLUSION

Biosensor technol ogy isarapidly expanding area,
as evidenced by the quantity of research papersand
patents published during thelast five years. Although
broad rangeof biosensorsareavall ablefor food andytes,
suchassugars, amino acids, organicacids, proteinsand
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bacteriabut thosearerarely usedinfood industry. Pro-
duction at high quantities biosensorswith low cost will
definitely have an impact in various processing and
meanufacturingindustry for highlevel of autometion. The
main barriersto market acceptance areresistanceto
changefrom conventional anaytical techniquesanda
lack of awareness of the advantages of biosensor tech-
nology. Analys sof food can beacomplex issuedueto
thediversity of food matricesbut timeand cost savings
using biosensors may greatly increasethe potentia of
thistechnology for food and alied industry.
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