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Food Industry deals with a huge number Food Industry deals with a huge number 
and variety of materials and processes and variety of materials and processes 

WaterWater
CarbohydratesCarbohydrates
LipidsLipids
ProteinsProteins
--------------------------------------------------
EnzymesEnzymes
VitaminsVitamins
MineralsMinerals
FlavoursFlavours
AdditivesAdditives

Major

Minor

CarbohydratesCarbohydrates

MonosaccharidesMonosaccharides e.g. Glucosee.g. Glucose
OligosaccharidesOligosaccharides e.g. Sucrosee.g. Sucrose
PolysaccharidesPolysaccharides StructureStructure
StarchStarch StructureStructure
CelluloseCellulose Dietary fibreDietary fibre
GumsGums e.g. guar, xanthane.g. guar, xanthan

LipidsLipids

Milk fatsMilk fats
Vegetable buttersVegetable butters
OleicOleic--linolineic acidslinolineic acids
Linolenic acidsLinolenic acids
Animal fatsAnimal fats
Marine oilsMarine oils

ProteinsProteins

MuscleMuscle
EggEgg
MilkMilk
CheeseCheese
WheatWheat
LegumesLegumes
RiceRice

Minor ComponentsMinor Components

EnzymesEnzymes
HundredsHundreds

VitaminsVitamins
A, D,E,KA, D,E,K fat solublefat soluble
B, C,B, C, water solublewater soluble

MineralsMinerals
Ca,P,Mg,Fe,Cu,Zn,I,SeCa,P,Mg,Fe,Cu,Zn,I,Se

FlavoursFlavours
HundredsHundreds

AdditivesAdditives
StructureStructure
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Unit Operations in Food ProcessingUnit Operations in Food Processing

MixingMixing

GrindingGrinding

ExtrudingExtruding
MillingMilling

DryingDrying

FermentationFermentation

CleaningCleaning

CentrifugationCentrifugation

(some)

NeedsNeeds

Industry, Consumer have similar needsIndustry, Consumer have similar needs
SafetySafety
QualityQuality
TraceabilityTraceability
CostCost

Consumer Consumer –– generally qualitativegenerally qualitative

Industry Industry –– quantitativequantitative

Food Industry Supply ChainFood Industry Supply Chain
Raw Materials

Processing

Packaging

Storage

Distribution

Retailer

Consumer

Control
On/Off Line

Chemical Physical

pH
pO2

Ethanol
Lactate
Citrate

Ammonia
Volatiles
Flavour

Temperature
Flow

Viscosity
Density

Specific Gravity
Conductivity

Colour
Texture

Specification

Cleaning (CIP)

Integrity
Foreign Bodies

Spoilage
Thermal Abuse

Shelf Life

Lifetime

Methods of Food AnalysisMethods of Food Analysis

Major Components:Major Components:
Large in lab or onLarge in lab or on--line instrumentsline instruments

Near IR, reflectance spectra, KF titrationNear IR, reflectance spectra, KF titration

Minor Components:Minor Components:
Large in lab or atLarge in lab or at--line instrumentsline instruments

Chromatography, mass spectrometryChromatography, mass spectrometry
Chemical/biosensors have a roleChemical/biosensors have a role

Chemical/Bio SensorsChemical/Bio Sensors

Minor ComponentsMinor Components

Liquid / volatile samplesLiquid / volatile samples

Low molecular speciesLow molecular species

What is a Biosensor?
The “classical” definition

Bio recognition
element

Transducer

Signal 
output

Enzymes
Antibodies
Receptors
Whole cells
...

Electrochemical
Optical
…
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A Biosensor Should BeA Biosensor Should Be
Small, of a size appropriate for use. Not nano Small, of a size appropriate for use. Not nano 
size to show how clever you are!size to show how clever you are!
Manufacturable in large numbers and at low Manufacturable in large numbers and at low 
costcost
Rapid. Result within the timescale of the Rapid. Result within the timescale of the 
process/diagnostic testprocess/diagnostic test
Economical. Low cost of ownershipEconomical. Low cost of ownership
Always considered as a sensor system with Always considered as a sensor system with 
the instrument the instrument 
Self calibrating. Minimal action by unskilled Self calibrating. Minimal action by unskilled 
user user 
Probably single useProbably single use

Sensor Arrays in FoodsSensor Arrays in Foods
Potential Application AreasPotential Application Areas

pHpH
Commonest measurementCommonest measurement

Clean in Place (CIP)Clean in Place (CIP)
HygieneHygiene

““Artificial NoseArtificial Nose””
Great promise for arraysGreat promise for arrays

SafetySafety
ParamountParamount

Glass pH ElectrodeGlass pH Electrode

PositivesPositives
RobustRobust
Wide dynamic rangeWide dynamic range

NegativesNegatives
OilOil
FatFat
ParticlesParticles
TemperatureTemperature
Safety (glass) Safety (glass) ------ not on/in linenot on/in line

In Line pH SensorsIn Line pH Sensors

Fibre Optic light guideFibre Optic light guide

pH chromophores on tippH chromophores on tip

Arrays with range of chromophoresArrays with range of chromophores

ISFETISFET

Operate at high temperatureOperate at high temperature

Suitable for arraysSuitable for arrays

Very small active area Very small active area -------- fouling issuesfouling issues

Typical CIP ProcessTypical CIP Process

Water 30°

5M NaOH 30°

Water 80° 5M NaOH 80°

Water 80°

3M HCl 50°

Water 30° 5M NaOH 120°

•Sensor arrays here would be valuable to:

•Complement temp., flow, pH

•NaOH contains additives e.g. EDTA, gluconate - biosensors

•High temps. (120°C sterilisation) are difficult

““Artificial NoseArtificial Nose””

FreshnessFreshness
Meat, Fish, VegetablesMeat, Fish, Vegetables

Amines, ammonia, sulphides, mercaptansAmines, ammonia, sulphides, mercaptans

DiscriminationDiscrimination
Whiskies, CheesesWhiskies, Cheeses

Very complex Very complex ““nosenose”” of organicsof organics
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Electronic Nose Electronic Nose ----
Sensitive ElementsSensitive Elements

Metal oxide semiconductorMetal oxide semiconductor
Organic semiconductorsOrganic semiconductors
As simple resistor devicesAs simple resistor devices
Catalytic metalsCatalytic metals
MetalMetal--oxideoxide--semiconductorssemiconductors
Conducting polymersConducting polymers
Insect AntennaeInsect Antennae
GC Stationary Phase materialsGC Stationary Phase materials

PrinciplePrinciple

Deposited on conductive substrateDeposited on conductive substrate

Generally used as device arrayGenerally used as device array

Many of same elementsMany of same elements

Combinations of several different elementsCombinations of several different elements

Data treated by advanced statistics:Data treated by advanced statistics:

Principal component analysisPrincipal component analysis

Neural networksNeural networks

NeuroNeuro--fuzzy systemsfuzzy systems

Where are they Now?Where are they Now?
10 Years ago10 Years ago

Alpha M.O.S.,Alpha M.O.S.,
TU Munich, ACTU Munich, AC
AromaScan PLC,AromaScan PLC,
BloodhoundSensorsBloodhoundSensors
Neotronics ScientificNeotronics Scientific
HKRSensorsystemeHKRSensorsysteme

Nordic Sensor ABNordic Sensor AB
SRL SensorsSRL Sensors
LennarteElectronicsLennarteElectronics
MicrosensorSystemsMicrosensorSystems
Tor Vergata ACTor Vergata AC
IFAK e.V. ACIFAK e.V. AC

Where are they Now?Where are they Now?
NowNow

Alpha M.O.S. Alpha M.O.S. 
Fingerprint mass spectrum instrumentsFingerprint mass spectrum instruments

HKR Sensor systemsHKR Sensor systems
MS and SAW instrumentsMS and SAW instruments

Food SafetyFood Safety

Foreign BodiesForeign Bodies
Glass, Metal, Stone Glass, Metal, Stone ---------- Physical MethodsPhysical Methods

Thermal Abuse Thermal Abuse ---------- Physical MethodsPhysical Methods

ContaminantsContaminants
Chemical MethodsChemical Methods

BiosensorsBiosensors

BacteriaBacteria

Enteric VirusesEnteric Viruses
Protozoan ParasitesProtozoan Parasites

MycotoxinsMycotoxins

Yersinia enterocoliticaYersinia enterocolitica
Staphylococcus aureusStaphylococcus aureus
CampylobacterCampylobacter
Listeria monocytogenesListeria monocytogenes
SalmonellaSalmonella
Escherichia coliEscherichia coli
Clostridium botulinumClostridium botulinum
Bacillus cereusBacillus cereus

Foodborne pathogensFoodborne pathogens
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Microbiology is universally usedMicrobiology is universally used
Plate techniques Plate techniques ““gold standardgold standard””
RealReal--time polymerase chain reaction (PCR) time polymerase chain reaction (PCR) 
increasingly usedincreasingly used

Audit entire supply chain including Audit entire supply chain including 
machinery and premisesmachinery and premises

Chemical/Bio Sensor ArraysChemical/Bio Sensor Arrays
FutureFuture

Foreign OrganismsForeign Organisms

Frogs in SpinachFrogs in Spinach
Rattlesnakes in tomatoesRattlesnakes in tomatoes

Remote SensingRemote Sensing
Arrays with wireless comms.Arrays with wireless comms.

ConclusionsConclusions

Most analyses use Most analyses use ““big scalebig scale”” instrumentsinstruments
Most monitoring is physicalMost monitoring is physical
Sensors are for water soluble and volatilesSensors are for water soluble and volatiles
Arrays have not lived up to initial optimismArrays have not lived up to initial optimism
Future niche areas for arrays Future niche areas for arrays --

BacteriologyBacteriology
Animal detection in vegetablesAnimal detection in vegetables
Remote sensingRemote sensing
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