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ABSTRACT

Biosensors have been described as the offspring of the marriage ol brology and clectronics. A bo-
sensor s an anaiytical device consisting ol a hiocatalvst (enzyme. cell or tissue) and a chemical or physi-
cal transducer (electrochemical. mass. optical and thermal) which can convert a biological or btochemical
stgnal or response into a quantifiable clectricad signal. Modemn biosensors evolved from the combination
of the aforementioned two disciplines. with electronics/ information technology excmplificd by micro cir-
cunts and optical [thers, and biology exemplificd by molecular biology 10 the {orm of enzymes and anti-
bodies.

Biosensors technelogy provides a new, substrate specific method cnabling repeated measurements
and possibility ot on-fine analysis for the process control i the food industry. 1t is obvicus that on-line
measurement 1s very important lfor the quabity contrel and quality assurance (QC/QA) and hazard unalysis
at critical conuol point (HACCUP. Tt 15 worth (o mention that biosensors are very hnportant analyvieal
wols 1o detect any intended poilution of drmking water via bloterronsm, Biosensors are characterzed by
casy operalion, raptd response and long stabiliny, Such advantages suggested that biosensors can be used
as ceonomical analytical ools i the area ol Tood analvsis and quality control,

The present acticle deals mainly with the applicubility of biosensors in the arca of food analysis and
quality control. For instance, many compoenents in foods can be determined by micans of biosensors,
Meanwhile, the mostimportant applications of biosensors in the arca of fond quality control include: mi-
croorganisms deteclion, sensory analysis. clectromic wongue and nose. guahty control of modified atmos-
phere puckages. fish lreshness analysis, meat and nolk guality,

Keywords: biosensors-inununobiosensors, glucose, sulfite, pesticide residues, food pathogens, ELISA,
microorganisms detection, sensory analysis, modified atmosphere packages, fish freshness,
meal guality. milk guality.

INTRODUCTION fust response time allowing an on-line meas-
urement. [t 1s obvious that on-fine measurement
is very mmportant for the quality control and
quality assurance {QC/QA)Y and hazard analvsis
at criieal controb points "HACCP™ i Glrtas,
1997, Mello & Kubotu, 2002). It provides less
employment, fust, precise and cheap procedure
beside the available methods which need ox-
perimental instruction. considerable  technical
skill and are tedious and time consuming, Ac-
cordingly, biosensors, combining a biological
recognition efement and a suitable transducer,

The control of food quality and freshness
15 of growing interest for both consumer and
food manufacturer. The quality of o food
product is evaluated through periodic chemi-
cal and microbiological analysis. Such proce-
dures conventionally usc techmiques as.
chromatography. spectrophotometry, electro-
phoresis. titrations. and others. These meth-
ods do not alfow an easily continuous moni-
toring. because they are cxpensive. siow.
need well mained operators and in some

cases, require steps of extraction or sample represent very promising tools in this context

pretreatment. elongating the time of anulysis  (Castillo eral. 2004).

iMello & Kubota. 2002), Biosensors are expected to play an increus-
Biosensor technology provides a new. sub- ingly important role in the improvement of life

strate specific method enabling repeated meas-  uality (Castillo ef el 2004). Meanwhile, in his

urements and possibility of on-fine analysis for ~ Artcle entitled “fdentifving Food Science &

the process control in the food industry. The £ ec/miology Research Needs”, Heldman (2004)
main advantage of the biosensor analysis is jts ~ [ocused on the a pivotal role to be suspected for
biosensors in the near future to act as effective
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tool 1o protect uman berngs against the bioter-
FOTISM event.

A comprehensive analysis of papers pub-
lished on immunoassay and biosensors used n
food and envrronmental research since 1980
demonstrates a rapid increase of publications on
“ELISA™ und vmymunoassay since 1991 (more
than 500 papers were published each year since
1966). Meanwhile. more than 200 papers on
“hiosensors” huve been published each year
since 2001 (Franek & Hruska. 2005).

What is a biosensor?

In the early days (the 19605 and 1970s) a
sensor seemed to always be a probe ol some
sort, perhaps due to i vision inextricably linked
10 pH. o selective or oxygen electrode. If you
follow the old literature. you will find biosen-
sors that were calied bioelectrodes or enzyime
electrodes or biocatalytic membrane clectrode
tArnold & Meyerhottf, 1984).

Biosensors cun be defined in two ways.
The first timphes that they are used to monitor
living systems. The other defines them us de-
vices that mcorporate biological materials as
a part of the sensing clement. Most analysis
currently use the term in its modemn context
as a sensor incorporating a biological element
such as an enzyme, antibody. nucleic acid.
microorganism or cell (Giese. 2002).

A biosensor (Figures 1.2 & 3) v an ana-
Ivtical device consisting of a biocatalyst (en-
zyme, cett or tissue) and o chemical or physical
trunsducer (electrochemical, mass. optical and
thermal) which can convert a biological or bio-
chemical signal or respense into a quantifiable
electrical signat. The biocatalyst component of
most biosensors 1s immobilized on to a mem-
brane or within a gel (Wilson & Walker, 1995,
Mello & Kubota. 2002).

Biosensors may be categorized as first-,
second- or third generation instruments ac-
cording to the degree of intimacy between the
brocatalyst and transducer. In [irst generation
instruments, the two components (biocatalyst
and transducer) may be casily separated and
both may remain functional in the absence of
the ather. In second- generation mstruments,
the two components interact in a more inti-
mate fashion and removal of ane of the two
components affects the usual functioning of
the other. In third- generation instruments,
the biochemistry and e¢lectrochemistry are
even more closely linked and where the elec-

30

trochemistry oceurs at a senuconductor, the
term biochip may be applied to describe such
mstruments { Wilson & Walker, 19953,

As a matter of fact, bioscnsors are of ma-

jor commercial importance. and therr signifi-

cance s Likely o increase as the technology
develops. This is because they can be made to
respond specifically and with high sensitivity
to a wide range ot molecules includmg those
of mdustmal, ¢clinmcal and environmental im-
portance { Wilson & Walker. [995).
Biosensors in food analysis

Table (1) shows the main uses of biosen-
sors in food analysis. Various biosensors for
composition analysis have been developed for
carbohydrate analvsis. organic acid measure-
ment and the deternnnatios of vitanuns and
other compounds. Emmobilization  technigques
for stabilization of biomolecules and thewr ap-
plications in food biosensors have been used for
the analysis of sugars. ascorbic acid and lactic
acid. Biosensors offer some advantages over
traditional methods such as HPLC and GLC,
which may reguire high maintenance. expert
operators and fong analvsis thmes. making them
less practical tor food process monitormg
{Glese, 2002

The Y51 2700 from YSI. Inc. Yellow
Springs, Ohto. may be used for food compo-
sition analysis to measure conumnon food 1in-
gredients, such as glucose, sucrose. factose,
gatactose. L-glutamate, choline and starch.
The unit is an mmobilized-enzyme hiosen-
sor. An cnzyme specific for the substrate of
interest 1s immobilized beiween two mem-
brane {ayers, polycarbonate and  cellulose
acetate. The substrate s oxadized as 1t enters
the enzyme layer, producing hydrogen perox-
ide which passes through cellulose acetate 10
a plaunum clectrode, where the hydrogen
peroxide 15 oxidized. The resulting current s
proportional to the concentration of the sub-
strate (Giese, 2002).

It is worth to mention that a large variety
of brosensors were described 1n the literature
tor monitoring heavy metals. using various
biological recognition elements:  enzymes,
apoenzymes, metal binding proteins, antibod-
ies, or whole cells coupled to different types
of transducers, amperometric. potentiomtric.
conductometric ... ete. (Castilla er af., 2004).

A newly developed method for the quan-
tification of folic acid in fortified food was
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Fig. 1: Components of a generic biosensor
Source: Anonymous (2001)
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Fig. 2: Typical biosensor components and associated measurements

Source: Anonymous (2001
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Table 1: Applications of the biosensors in food analysis

Analyvte Application Biocomponent Transducer
ueose Solt drink
Frunt drink PG lucose oxdase (4T
Nuice 1 . ANP
Honey ! P
i ! B [ P, v
‘Milk I TTucose axidase (GO :
_ Yoghuwt - | Prualactosidase and mularotase ;
Fructose Honey. Mille c D-Fructose dehydrogenase (FDIED i AMP.
i uee Cola _ A
Laclose o p-ralectosidase. Lactozym and Saccharoppees | Polent.
} L serevisia e o
Laculose Nk P-Fructose dehvdrogenase (FIDHY and - AMP.
~ualacwsidase ([Roal)
Srch -Aamyl wlucosidase (AMG) and ~AMPE.
_ L plucose GOy -
L:thang! Alcoholie bevernge Alechol dehvdrogenase (AL :
] oo aduonelle Deverage L _
| acotaklehvde  Alcohohe beverage i Alkdehvde delvdroganase
Glveerol Momitoring formentation | Crlyeero kinase and glycerol-3 phosphate
- o i oxidase
Puoivphenols Clive ol o Clyrosinase o
Cawechol Beer  Polyphenol onidase -
Ascorbicaond Juces - Ascorbate oxidase ~
CPuravicacd Fouls - Pvruvae osadase (OIS
cid  Jweeand Sporidrinks ) Citmatelyase (L] ~
sheacd - Tormtiedfoods e acid. -
Buotin.Indant formube and milk 0 Ano-biotinantibody
iolate Infant formula and milk 1 Ann fohe acid antibody L

Leamine acads Mk and frut juiees - D-Amino acid oxidase (D-AAO)
SeRONES i L-trlutamate oxadase (G u OD) and NADH
Coxadase NOL)

| ~alutamate

Lobysie _ Mk and Pasta 1 -hysine oeonadase o luse oxidase AMP
e Fish. anchovy drwts and | Diamine oxadase (DAOQ) ANP

vezelables

- Meat - B ; Nanthune oxhlase (XODy ) O electrode

A ines Fish frashness b Hyposarthine oxudase and xanthine oxudase D AN
- S ) i(f\’i D} i '
Brogenwe Fish FDmmine oxidase (DAL . AME,
amimnes ) |
s I : - P L
7777777 “oea foods D Fistamine oxidase o AN

Hypoxanthine  Fishand its freshness 1 Nanthine oxiduse (NOD3 o ANMP
Oxcalate PSpinach. sesame. seeds. | Oxalate ovadase {ONO) D AND

Ctew leaves and strawberries |

- Phosphate Drinkmg woter 1 Poly phenol oxidase and alkaline phosphatas AMP
| Anbiotics Mk, Foed 77. Annbadhes - ; SPR
Broteria EAni-Solmanedla antibody } Fiber optic
Dacteria . Anti-Fschericig colt Q15T 117 o ALTP
Pegticihe & ' Chimesterase (Chb) ) AMP
Pesticide “Fruits and vegetables i___(_Ijh_‘;_)lJ_r_];_oxn];]y;. Acetyl cholmesterase (AChE) 1
Toxin Foods D Ann-Stapinlococcdl, Ant-Stapivlococeal i
L L enterotoxin 3 antibody :
Aspartame Foods ' Alcohol oxdase, G-chymotrvpsin and catalase © AMP,
AMD - Amperometric Potent : Potentiometric SPR.: Surface plasmon resonance

Cited with modification from Mello & Kubota (2002
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presented by Caselunghe & Lindeberg (2000).
An immunoalTinity-based optical biosensor was
used to determine folic acid concentration levels
in milk powder, infart formula and cereal sam-
ples. Accuracy of the method (88-101%) was
demonstrated with the analvsis of five reference
samples. A collaborative precision study, where
ten participants at four different laboratories
analysed a set of ten samiples. resulted in repeat-
ability relative standard deviations of 2-8% and
reproducibility relative standard deviations of 4-
10%.

Here we will give some detailed exam-
ples to elucidate how biosensors act as ana-
lytical tools:

1- Determination of glucose

Since the proneerning work of Updike &
Hicks (1967) tor the determination of glucose
and the enzymatic electrodes to this analyze
in particular, the amperometric have domi-
nated the hterature about biosensors, The
principal reason 1s that glucose is an analyte
of great importance in biotechnology (Mcllo
& Kubota. 2002).

A good example of a commercially
available second- generation biosensor s
provided by the ExacTech blood glucose me-
ter. In this device. the rate of oxidation of
glucose is measured not by the rate of disap-
pearance ot substrate or appearance of prod-
uct, but by the rate of electron flow from glu-
cose 1o an electrode surface. The reactions
that occur in this device may be summarized
as follows:

Glucose + GO/FAD —» Gluconic acid +GO/FADH-

{red) (0X) (0X) (red)
GO/FADH, + 2M" —» GO/FAD + 2M + 2H"
{red) (0x) {ox) (red)

At electrode:

2M —>» OM' +2¢

ired) (0X)

Where

GO/FAD: represents the FAD redox center of
glucose oxidase inits oxidived form.

GO/FADH,: represents the FAD redox center of
glucose oxidase itn its reduced [rom.

M: is a mediator, which in the ExacTech blood
glucose meter is ferrocene.

The electrons donated to the electrode
surface then go to form a current that is pro-
portional to the rate of oxidation of glucose
and hence proportional to the glucose con-
centration in the blood. Devices ot this type
are far more suitable for miniaturisation.

Whilst the ExacTech meter is itself only the
sive of a pen, devices using simikar technol-
ogy are now being produced that are so small
they can be implanted under the skin to pro-
duce a blood glucose measuring System in
site, Work is ongoing to link such sensors to
appropriate logic circuits and an insulin res-
ervoir to provide diabetic patients with ex-
actly the insulin they need throughout the day
(Wilson & Walker. 1995y

2. Determination of sulfite

Determination of sulfite is important par-
ticularly from biological and ndustrial point
of view. Sulfite is widely wsed as food addi-
tive to prevent oxidation and bacterial growth
and to control enzymatic reactions during
production and storage. Nowadays, due o the
reported harmful effects towards hypersensi-
tive people. the sulite content in food and
heverages have been strictly limited in many
countries (Wedzicha, 19843,

A biosensor was developed for the de-
termination of sulfite in food. The Malva vid-
garis tssue homogenate containing sulfite
oxidase enzyime (EC 1.8.3.1) was used as the
biofogical matertal. This homogenate wus
cross linked with gelatin using glutaraldehvde
and fixed on a pretreated Teflon membranc.
Sullite was cnzymatically converted to sul-
fate in the presence of the dissolved oxvgen
as follows :

Sultite oxyilage

SO+ Oy + H20 SO37 + H.05

The dissolved oxygen was moenitored
amperometrically. Sulfite determination was
carried out by standard curves, which were
obtatned by the measurement of consumed
oxygen level related to sulfite concentration.
Several operational parameters had been in-
vestigated: the amounts of plant tissue ho-
mogenate and gelalin, percentage ol glutaral-
dehyde, optimum pH and temperature. There
was linearity in the range between 0.2 and
I.8mM of sulfite at 35°C and pH 7.5, The re-
sults of real sample analysis obtained with the
biosensor agreed well with the enzymatic ref-
erence method using spectrophotometeric de-
tection (Sezgintiirk & Dinckaya, 2005).

3- Determination of pesticide residues

The analysis of pesticide residues is an im-
portant concern due to their high toxicity and the
serious risk that they represent for the environ-
ment and human health. Analysis of pesticides
15 usually carried out by GLC or HPLC. How-
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ever. these methods require laborious extraction
and clean up stepx that mcrease analysis time
and the risk of errors. The development of bio-
SETSOTS 1§ @ growing area. in response to the
demand for rapid. simple. selective and low cost
techniques for pesticides analysis. The main
principle of the biosensors developed is based
on the correlation between toxicity of a pesticide
and o decrease m the activity of a blomarker
such as an enzvine. This activity can be regis-
tered by emploving different transducers. e.g.
AMPCTOMEIry.  polentametry,  spectrometry.
fluorimetry or thermometry for detection of dif-
ferent substrates or products of enzymatic reac-
tion (Velasco-Garcia & Mottram, 2003).

Organophosphorus and carbamate msec-
ticides selectively mhibit cholinesterases. The
enzyme acetylcholimesterase {AChE)
(EC.3.11.7) catalyses the hydrolysis of aceryl
choline to acetic acid and choline:

{CH.v1a NtOH) CH, CH- OCO CH. + H-0
§ AchE
‘:‘H: C()()H + {:C‘H_z]_i N ((:)H} C‘H: (‘H_‘ OH

Several authors have used a pH-— sensi-
tve trunsducer in the development of AChE-
based biosensers (Andres & Narayanaswaimy.
19973, On the other hand, Xavier e af. (2000
described an optical fiber biosensor for the
determination of the pesticides propoxur and
carboxyl, widespread msecticides - vegera-
ble crops.

Biosensors in food quality

[t 15 obvious that many batch operations m
the food ndustry are being repliuced by con-
nnuous processing and high degree of automa-
tion. Accordimgly, there is an increasing de-
mand for mstruments suitable for avtomatic
quality controlb through the process and at the
end of the line so that the real time state of the
process can be described. Biosensors obviously
offer food industry monitoring ol specific ana-

ST Control

i

I l
Process

1
I
I
| A

Iyte at real-ime and a feedback control as
shown in Figure (43, This will not only imcrease
the food safety but also provide less etfective
contral, less employment. time and energy sav-
ing (Giirtas, 1997,

Biosensors can bhe used as analyrtical
tools in some food industries, especially ap-
plied to the determination of the composition,
degree of contamination of raw materials and
processed foods. and for the on-fine control
of the fermentation process. Despite  the
snormaus diversity of research involving bio-
sensors for the food industry, its application
in this area for any analvte 1s sull restricted
(Mello & Kubota, 2002).

Biosnesors or immunosensors reduce assay
time and cost or increase the product safety.
These methods have been adapted 1o detect or
measure analvtes i ari-line system {Rasooly.
2001). Hazard analysis at critical control points
(HACCP) system 1s. generally accepted as the
maest effective system to ensure food safety, can
utilize hioscnsors to verify that the process is
under controd. The high sensitivity of enzymatic
biosensors or immunosensors enabled detection
of microorganisms like E. coli, Salmonella. S.
aurens. pesticides. herbicides ... ete. in hours or
minutes (Fitzpatrick er af.. 2000, Killard &
Smyth, 20001, Some commercial biosensors for
food mdustry are given in Table (2). It is worth
to mention that a book on cornmercial biosen-
sors has been published (Ramsay, 1998).

In the present overview we will shade a
light on some of important applications of
biosensors to the area of food-quality control:

1- Detection of microorganisms

Conventional methods to determine and
specify microorganisms are Lime Consuming
and laborious. They are based on so-called
colony counts on solid media and often in-
clude different enrichment and isolation steps
on sclective media. The confirmation of the

Fig. 4: Desired feedback control of a process
Source: Glistas (1997)
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Table 2; Commercial biosensors for food industry

Companies (country}

3 Biosensors

- Apec glucose analyzer

Piometra Biosensors tor HIPLC

Target compounds
.

t Glucose

| Glucose. ethanol and methanol

Eppendart iGGermanyi

Soled - Tacussel {France)

) ,; ESAT 6060 Glucose Analvzer

Ulucoprocesseur

 Glueose

Jlucese and lactaie

Uuversal Sensors (USA)

t Amperometric Biosensor Detector | tlucose. galactose, L-amino
|

i
|
-
i
I

| acids, ascorbate and ethanol |

Vellonw Springs Instruments (USA) IS Anudygers

Tove Jozo Diosensors (Japan)

S Models) PMN-TO00 and PRA- 1000 7C
Clon fe )l MATO0 RS 200 and PA-

 Ulueese. lactose. L-tactate.
ethunol, methanol. glutamane
and choline

Crlucose, Tacate. [ -wming
acds, cholesterol. trvgheenides,

L1000 T

Orrentul Electric {Japan)

Swadish BIACORE AR {Sweden) | BIACORE

Malthus Tnstruments (L “althes 2000

Biosensont SpA (Tulvy

L Unahie

Protrace (170

) ©glveerin, ascorbic acd, alcohol
i Oriental Freshness Meter . Fish freshness o
1: Hacteria B
: Pacteria

CoSacteria

Tacleny

Source: Mello & Kubota (20002).

identty of the 1solated microorganism i
achieved by microscope, biochemical und
mmmunological characteristics. This leads 1o
total detection times of several davs which is
the major disadvantage of conventional piat-
ing maethods, However, improved analytical
methods have been developed which pie-
dommantly use the advantages supplicd by
rmmunological o DNA-based methods for
the past decade. biosensors have become
morc and mare important for the determina-
tion of microorganisms. Very specific anti-
bodies can be produced against surface anti-
gens of various microorganisms. In this way,
an immunoscnsor can discriminate between
different organisms. In combination with dif-
ferent transducers (e.g. piezoclectric materi-
als or optical fibers) antibodies have been
successfully employed for the detection of
microorganisms. Most applications focus on
conftrming the absence of pathogenic organ-
isms like Saimonella species and Escherichia
coli species. It 1s worth to mention that many
strains of Escherichia coli are known to be
dangerous human pathogens that can cause
tife-threatening conditions including blody
diarrhea, hemorrhagic colitis, renal failure
and meningitis (Kuhnert er af., 2000).

In recent vears. various types of biosensors
have been developed which could help in over-
all quality control in food processing plants by
detecting pathogens within minuies of sampling.
If puthogens are found with on- or near-line bio-
sensors, then food processors can make dec-
sioms more quickly about applying treatments.
minimizing the chance of a contaminated final
product (Velasco-Garcia & Mottram, 2003).

The general approach for the immunoat-
finity steps to capture and concentrate bacte-
ria on beads, a membrane or a fiber optic
prob tip, followed by detection of bound bac-
teria by LASER excitation of hound fluores-
cent antibodies, a coustogravimetric wave
transductien, surface plasmon resonance or
electrochemical methods. The infectious dos-
age of pathozens such as Salmonella or Es-
cherichia coli 0157:H7 is 10 cells and the ex-
isting coliform standard for E. coli in waler is
4 cells 100 ml™" (Velasco-Gareia & Mottran.
2003).

According to Rand er af. (2002) optical
biosensors have been developed tor rapid detec-
tion of contaminates in foods and several of
these biosensors have evolved into commercial
prototype systems. For instance, E. coli 0157
H7 in seeded ground beef samples was detected

s
"N
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at 3-30 cfu/ml. with results ebtained within 20
mun. of sampling (Demarco ef al.. 1999

The limit of detection of immunobiosensor
(Silicon chip-based btoscnsor) s substantialiy
better than the values obtained using enzyme-
linked methods and comparable with a poly-
merase chain reaction (PCR)-chemiluminescent
method. Expernments involving the detection of
Safmonella from  chicken carcass  washing
(shewing a recovery of 90%) indicated that this
technology could be placed into onsite facilities
and used to evaluate the extent ol Salmonella
contamination in the poultry ndustry (Dill er
al.. 1999,

Ertl er . (2003) developed a rapid identifi-
cation of viable I coli species (E. coli B. E. coli
Neotype, £ coff JM 105 and E. coli HB1GI)
with an electrochemical screen-printed biosen-
sor array. In this method. selective recognition 1s
accomplished usmg lectins that recognize and
bind to cell-surface  lipopolysaccharides  and
colourimetric transduction exploils non-native
external oxidants to monitor respiratory cycle
activity 1n tectin-bound cells.

Alocitja & Ruadke (2003 reviewed patho-
gen detection markets and their prospects tor
the future. Potential markets include the medi-
cal. military. food, and envirommental indus-
iries. Those industries combined have a market
size of $563 million for pathogen detecting bio-
sensors are expecled to grow at a compounded
annual growth rate of 4.5%. The food market 1s
further segmented mto different food product
industries. The trend 1s pathogen testing em-
phasize the need to commercialize biosensors
tor the food safety tndustry as legislation cre-
ates new standards for microbial moemtoring.
With quicker detection time and rcusable lea-
tures. biosensors wil be important to those in-
terested in real time diagnostics of disease caus-
ing pathogens. As the world becomes more
concerned with sale food and water supply, the
demand tor rapid detecting biosensors will only
LICredse.

2- Sensory analysis

Two main categories of hiosensors for sen-
sory analysis are electronic noses and electronic
tongues. It is known that humans perceive
odour as single chemicals or as combinations of
many different chemicals. Those odour mole-
cules usually have three busic properties. They
are small and light, with molecular masses be-
low 300 Da/polur and hydrophobic, An elec-

trenic nose recogmzes these molecules and cer-
tetin combinations of them (Giese, 2002).

Electronic noses are generally made up of
two main parts: a sensing system and a pattern
recognition systerm. In the past, gas chromatog-
raphy and mass spectrometry have been used as
the sensing systems. although these are usually
expensive and time consuming. Currently., these
techniques have been replaced by chermcal
sensors to analyze odour. Essentially, each
odour teaves a charactenstic pattern or tinger-
print of certain compounds. Knowa odours can
be used to build a database to train a patiern
tecognition system (Giese, 2002).

The artificial neural networks are trained
1o distinguish certain edours  {from  ceriamn
chemical combinations. Paltern-recognition is
gained by giving the network known odours
and classifving them with a signature. Then
the nose is tested to see how well the network
has learned. The sensors basically measure
the change In voltage due to the presence of
certain chemicals. The chemicals in the air
change the oxygen content over the sensors,
which are electronic circuits. By changing the
oxygen content, the resistance across the sen-
sor is changed. This change can be measured
as a voltage drop from the normal or stan-
dardized conditions (Giese, 2002).

Llectronic tongues have been developed to
measure taste, Recently, Alpha MOS. Tau-
louse, France. introduced an efectronic tongue
for the analysis of taste and nonvolatile chemi-
cals typreally found in hquids. The objective 1s
to complement the electronie nose and. more
important allow the foad and beverage mdustry
to cover a larger proportion of the sensory per-
ceptien of consumers. The use of both instru-
ments allows food manufacturers o test for
both aromal odour and taste (Giese, 2002,

3- Quality control of modified — atmos-
phere packages

Improper package design or lemperature
abuse during handling may catse fruits and
vegetables 1in medified — atomosphere puckages
to be exposed to low, injurious Os levels asso-
clated with the production of fermentation vola-
tiles, quality loss and eventually product break-
down (Velasco-Garcia & Mottram, 2003). Ex-
cessively low package O. also may promote
growth ot dangerous pathogens (e.g. Clostrid-
fn boradinum),

The detection of ethanol would provide a
sensitive technique for low-0; injury identificu-
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tton. A commercial cthanol biosensor com-
posed of a chromagen and mmebilised en-
zymes: alcohol oxidase (EC.1T.1LED and per-
oxidase (BC.L.TL.1.7) have been tested. Alco-
hol oxidase catalyses oxidavon of ethanol
acetaidehvde and H.O: in the presence of O
and peroxidase (an H,O- decompoesing enzyine)
cataiyses oxidation of the chromagen causing a
colour change. The biosensor detects cthanol o
levels below the human olfactory threshold
(10wt ethanol in gas phase at S0°C with a 155
exposure. The onset of low O- mjury was de-
tected in lightly processed lettuce. caulitlower,
broccol and cabbage modified- atmosphere
packages as measured by accumulation  of
headspace ethanol (Smyth er wf.. 1996). The re-
sponse of the biosensor was very similar to the
onc measured by gas chromatography. which is
expensive and requires technical expertise. The
biosensor could also be useful to monitor etha-
nol during controlled — aimosphere storage of
apples. rot development in stored potuto tibers
or any apphcation where ethanol accunmuiation
can be associated with a loss of quabiy,
4- Fish freshness analysis

Fish freshness has been evaluated chemi-
cally and cxpressed as K-value which 1s useful
index of raw fish grade. However. the K- value
approach requires the sample preparation and
the complicated sensor svstem with several
kinds of biochemical substances because the K-
value (s caleulated from the concentrations of
inosine  “S-monophosphate  (IMP),  inosine
(HxR) and hypoxanthine (Hx) in the fish-
extract solution. with several kinds of bio-
chemical process and reagents. Then. a newly

approach 1s required at fish markets, restaurants
and kitchens. e, non-destructive methods with
simpie  biochemical reaction. such as smeti
evaluation of putrid fish-odour with higher sen-
sitivity of human smell sense (Mitsubayashi o7
af, 2004).

Trimethylumine (TMA) s typical  and
common fish-odour substance in scafood, und
is produced by the decomposition of trimethyl-
amine N-oxide (TMAO) in sea creatures. The
fact 1s that fresh marine products contain Iittle
TMA. Mitsubavashi e «f.. (20041 constructed «
TMA  biosensors by smimobilizing
containing mone oxygenase tvpe 3 (FMO2), as
ong of drug metabohzing enzymes i human
liver. ento a sensitive area ol a dissolved oxy-
gen electrode. This sensor with flow injecuon
analysis (FIA) was calibrated against TMA so-
lutions (Putrefactive substance of fish) from 1.0
1o 50 mmol/L It was obvious that the TMA sen-
sor with FMO3 would be convenient device for
cvaluating fish freshness (Coeffictent of varia-
tion: 4.39% . n=5;. The behaviour ol the biosen-
sor was evaluated using standard TMA salu-
nons a~ the tvpical putrefactive substance in
fish, with a flow injection analvsis system in-
chuding a computer-controlled potentiostat at
fixed potential of —600 mV versus Ag/AgCl as
counter/reference. The sensor output induced
by I'MO3 enzyme reaction was continuousty
monitored on a computer display and saved on
the hard disk for later analys:s (Figure 5).

The TMAO formation {rom TMA takes
place according to the following reaction:

flavine-

[

TMA = NADPH - H' - (1, TMAQ + H0 1 NADPT
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Fig. 5: Schematic diagram of experimental set-up for the flow injection analysis with
the FMO immobilized biosensor

Source: Musubayashi er e, (2004
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5- Quality control of meat

Examples of successtul  commercialised
sensing instruments are meatcheck and  bio-
check sensors. The meatcheck is a four — clec-
trode array attached fo a knite which can be in-
serted Into meat to measure the glucose gradi-

ent imumediately below the surface. The size of

the gradient is related to mucrobial activity on
the surface of the meat and is regarded as a
sound indicaror of meat gualitv. The device
provides in seconds what laboratory-based -
cromelogy takes davs o test. The brocheck
method transtormed the glucose sensor nto u
device capable of detecting and guantifying mi-
croorgamisms 1 agueous solutions. The svstem
transfers electrons from the respiratory puth-

ways 0f microorgamisims, and it 18 capable ol

derecting  bacteria o under  two  minutes
(Maines er al.. 1990).

Notwithstandime, concentration of luctic
acicd 18 an ymportant parameter for the mead
mdustry as it characterises the state of fresh
meal. Lactic acid is caused by an acrobic gly-
colywis from giveogen posr-morren in mus-
cles. The lactic acid concentratton leads 1o
conciustons  concerning  the  pre-mioriem
metabolic situation, physical stress and defi-
ciency In the meat quality. Bergann er af.
119949) reported  on enzymatic  hiosensor
based on vmmobilised luctate oxidaxe as bio-
receptor and an amperometric  transducer.
The biosensor estimate lactic acid without
spectal sample preparation, very guickly and
at Jow cost,

6- Quality control of milk

The mcreasing  demand  for  on-fine
evaluation of milk quality directs the industry
w0 look for practical solutiens. and biosensors
are a promising possibility. Eshkenazi er «f.
20001 develeped o multu-enzymatic am-
peromelne biosensor for fuctose in fresh raw
milk. The characteristics of the biosensor
teasy operation. rapid response. long stahil-
ity) suggested that this method could be used
as an economical, on-{ine lactose measure-
ment techmque i the mulking partour. Also,
some biosensors were designed to determine
far in milk (Velasco- Guarcia & Mottram,
2003).

Schimidt er af. (1999} reported a mucro-
bial biosensor based on thick {ilm technology
for free fatty ucids, The biosensor measures

the oxygen uptuken by respiratory activity of

the immobilised microorganisms.  Oxygen

Kh]

was determined by electrochemical reduction.
The sensor could be applied to milk samples
without previous pretreatment, having a short
response high sensitivity and casy handling.
However, biotogical research is needed to de-
termine how sensor derived information can
be used to mmprove the product quality other
than by separating the mitk into sources of
high and low guality.
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