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Basic principles of Microwave Heating

AMicrowavesare electromagnetiavavesthat coverspectrumof frequenciesranging
300MHzto 300GHz

Alt likeslight waves are reflected by metallic objects,absorbedby dielectric
materials,or transmitted from glass

AThetypicalfrequenciesusedin microwavesare 2450MHzfor hometype ovensand
915MHzfor industrial use

AAbsorptionof microwaveenergyin the food involvesprimarily two mechanisms
lonic interaction anddipolar rotation

A Electromagnetitieatingsuchasmicrowave(MW) and radiofrequency(RF)heating
are usedin manyprocessesdlike reheating,precooking baking,drying,
pasteurization, disinfestation and sterilizationin industries

Kerone Research & Development Center (KRDC), Mumbai, India
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Microwave Heating Systems

A Electricakenergyis transformed from the outlet to the microwave

A Themicrowaveheatingsystemtransformselectricenergy into radiantenergy

A Radiantenergyisturned in to thermal energyasthe food kernelsabsorbthe
microwaves Thiscauseghe kernels to becomehot and cooked

Electromagnetic Thermodynamic
part part
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Interaction of materials with microwaves

METALS o
o
WATER
PTFE, PP, TPX
E Transparent to Microwaves
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lonic Interaction (lonic Conduction)

Themechanisnmof ionic conduction,salt,a commonmoleculein foods,is composed
of positive sodiumand negativechloride ions in dissociatedform. The net electric
field in the oven will acceleratethe particle in one direction and the oppositely
chargedparticlein the other direction.

If the acceleratingparticle collideswith an adjacentparticle, it will impart kinetic
energyto it and set it into more agitated motion. As a result of agitation, the
temperature of the particle increases More agitated particles interact with their
neighborsandtransferagitationor heatto them. Thisheatis then transferredto the
other partsof the material

Sodium

; o B Chlorine
o

ion
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Dipolar Rotation

The physicallyseparatedchargesare called dipoles Moleculeswith suchseparatedchargesare
knownaspolarmolecules

Moleculeshaving a center of symmetry such as methane (CH}) are nonpolar and exhibit zero
dipole moment Molecules such as water or gelatin are polar becausethey have no charge
symmetryandexhibitstrongdipole moments

Water in food is the primary componentresponsiblefor dipolar rotation. If the water molecules
are placedin an alternatingelectricfield, they will experiencea rotation force attemptingto orient
them in the direction of the field.

Asmoleculesattempt to orient themselvedn the field direction, they collide randomlywith their
neighbors Whenthe field reversedts direction, they try to line up with the reverseddirectionand
further collisionsoccur Thiscauseghermal agitation and heatingtakesplace

Hydrogen
@
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Interaction of water molecules with microwaves
Water molecules are polar =

Food containingvater can be heated up by ——

microwaveseffectively ( ) ) o

I : : ..
The oscillating=field of the microwave makes ° ——
the water moleculesibrate * il

Ny 7%

Microwavespectrahaveprovideda very precise
valuefor O-H bond length, 95.84 £ 0.05 pm and
H-O-Hbondangle,104.5 + 0.3 degree

Rotational spectrum

KE of the moIecuIeST ATN
(g
Food temperature 1‘ --\"\\; J%L/
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Mechanisms of microwave interaction with food

One side of the molecule is more negatively chargedand the other side is more
positivelycharged.eventhoughthe moleculeitself is neutral

Microwaves /_\ / I
p W

/ \
» & \\\ /
Q.0 o+ \\ o /
Orientation of water O O \ ;

molecules o0

Thewater moleculesin food will rotate due to the microwavest ve or ¢ve amplitude

Theyvibraterapidlyat the antinodeand do not vibrate at the nodes

Kerone Research & Development Center (KRDC), Mumbai, India
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Temperature profile within the sample in: (a) conventional heating; (b) microwave
heating; and (c) microwave hybrid heating
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Definition of Dielectric Properties

ADielectricpropertiescanbe categorizednto two: dielectricconstantand dielectric
lossfactor.

ADielectricconstant(e’ i¥the ability of a materialto store microwaveenergyand
dielectriclossfactor (¢’ isthe ability of a materialto dissipatemicrowaveenergy
into heat

ATheparameterthat measuresnicrowaveabsorptivity is the lossfactor. Thevalues
of dielectricconstant andlossfactor will playimportant rolesin determiningthe
interaction of microwaveswith food.

ATherate of heat generationper unit volume(Q)at a locationinsidethe food during
microwaveheatingcanbe characterizedy

Q = 2t [ g,e”E*

Where f is the frequencyeo is the dielectric constant of free space (8.854 x®¥®&/m), €’ ' S

dielectric loss factor, and E is the electric field.

Kerone Research & Development Center (KRDC), Mumbai, India
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As microwavesmove through the slabat any point, the rate is heat generated

per unit volumedecreases
For materials havinga high lossfactor, the rate of heat generateddecreases

rapidlyand microwaveenergydoesnot penetrateddeeply

A parameter is necessaryto indicate the distance that microwaves will
penetrateinto the materialbeforeit isreducedto acertainfraction of its initial

value

Thisparameteris calledpower penetration depth (dp), whichis definedasthe
depth at which power decreasesto 1/e or (36.8%) of its original value It
dependson both dielectricconstantand lossfactor of food.

= E:IWKZ_E(JI iy )

Where A, is wavelength of the microwave in free space

Kerone Research & Development Center (KRDC), Mumbai, India
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Dielectricproperties of cookingoil are very low becauseof its nonpolar characteristics
Dielectric properties of water and high-moisture-containing foods such as fruits,
vegetablesand meatare highbecauseof dipolarrotation

Effects on Moisture Content on Dielectric Properties

ALiquid water is very polar and can easily absorb microwave energy based on the

mechanisnmof dipolar rotation. Thedielectricconstantand lossfactor of free water are
predictedby Debyemodels

ADebye models are expressedin terms of wavelengthand temperaturedependent
parameters

7 8.\‘ — 8()

g = o
1 + (AS/A)
o (es — €0) ()‘S/l)
1 + (A-‘/A_)z

Wherees is static dielectric constant,, is optical dielectric constant) is wavelength of water,
and A, is critical wavelength of polar solvent

o
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AWater canexistin either the free or boundstatein food systems

AFree water is found in capillariesbut bound water is physicallyadsorbedto the
surfaceof dry material

AThedielectriclossfactor is affected by the lossesin free and bound water but since
relaxationof bound water takesplacebelow microwavefrequencies,ts effectsare
smallin microwaveprocessing

The variation of dielectric loss factor with |
moisturecontent Fromthe figure,lossfactoris
constantin the bound region (regionl) up to a =
critical moisture content (Mc) but then :
increasessharply for high moisture contents |
Therefore, the effect of bound water on :
dielectricpropertiesis negligible !

L

Moisture content (%4)

Kerone Research & Development Center (KRDC), Mumbai, India
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AThe interaction of food componentswith water is a significant factor in
affectingtheir dielectricproperties

AThestrongerthe binding forcesbetweenprotein or carbohydratesand water,
the smallerthe value of the dielectric constantand lossfactor sincefree water
In the systemdecrease

ATherefore, adjusting the moisture content is the key factor in formulating
microwaveabldoods.

AThe increase in water increasesthe polarization, which increasesboth
dielectric constant and loss factor. At low moisture contents, variation of
dielectricpropertieswith moisturecontentis small

AForfood materialshavinghigh moisture contents,bound water doesnot play
a significant role and the dielectric properties are affected by dissolved
constituentsaswell aswater content.

ADielectric properties of foods decreaseduring drying, since free moisture
contentin the systemdecreases

Kerone Research & Development Center (KRDC), Mumbai, India
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Effect of Temperature on Dielectric Properties

AFreeand bound moisture content and ionic conductivity affect the rate of
changeof dielectricconstantandlossfactor with temperature

Alf the water is in bound form, the increasein temperature increasesthe
dielectric properties. However, in the presenceof free water, dielectric
propertiesof free water decreaseastemperature increases
ATherefore, the rate of variation of dielectric properties dependson the
ratio of boundto free moisturecontent.

ADuring thawing, both dielectric constant and loss factor show large
Increaseswith temperature After the material thaws, dielectric properties
decreasewith increasingemperaturefor different food materialsexceptfor
a saltedfood.

AThe variation of dielectriclossfactor of a salt solution or a salty material
with respectto temperature is different becausethe loss factor of a salt
solutionis composedf two components dipolar lossandionicloss

Kerone Research & Development Center (KRDC), Mumbai, India
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ADipolar loss decreaseswith temperature at frequencies used in microwave
processing In contrastto dipolar loss, loss factor from ionic conduction increases
with temperature owing to the decreasedviscosity of the liquid and increased
mobility of the ions.

AAt highertemperatures, jonsbecomesmore mobile and not tightly boundto water,
andthusthe lossfactor from ioniclosscomponentincreasesvith temperature

AOnthe other hand, microwaveheatingof water moleculesor food containingfree
moisture decreaseswvith increasingiemperature Thereasonsare the rare hydrogen
bonds and more intense movements which require less energy to overcome
intermolecularbond at highertemperatures

AFor materials containing both dipolar and ionic components, it is possible to
observefirst adecreaseandthen anincreasen lossfactor with temperature

Kerone Research & Development Center (KRDC), Mumbai, India
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Effects on Composition of Foods on Dielectric properties

ADielectricpropertiesof food productsdependon compositionsuchas

AThe presence of free and bound water, surface charges, electrolytes, non-
electrolytes, and hydrogen bonding in the food product play important roles in
dielectricproperties

ATheinvestigationof dielectricbehaviorof major food componentsandthe effects of
processingon dielectricpropertiesare important for food technologiesand engineers
to improve the quality of microwavefoods, to designmicrowaveablefoods, and to
developnew microwaveprocesses

Kerone Research & Development Center (KRDC), Mumbai, India
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Dielectric properties of Carbohydrates and Interaction with MW

AStarchessugarsand gumsare the major carbohydratesn food systems

AFor carbohydratesolutions, the effect of free water on dielectric propertiesbecomes
significantsince carbohydrateshemselveshave small dielectric activitiesat microwave
frequencies

AHydrogenbondsand hydroxytwater interactionsalsoplaya significantrole in dielectric
properties of high sugar, maltodextrin, starch hydrolysate and lactose such as
disaccharidebasedfoods.

Sucrose, a disaccharide

CH,OH
CH,OH
o o

H HO
HO (o) CH,OH
\e 7 .

Y '

Glucose Fructose
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Starch : Definition and chemical characteristics with MW

Starchmoleculeis (GH,,Os),,. Starchis a polysaccharideomprisingglucosemonomers
joined in M 1,4 linkages The simplestform of starch is the linear polymer amylose
amylopectinisthe branchedform .

CH-OH CH,OH | CH.OH
0 0 0
OH OH OH
amylose 3 S o oH
OH | OH _ OH

AVariation of dielectric properties of starch with temperature dependson whether
starchisin solidstate or in suspensiorform.

AWhen the dielectric properties of different starchesin powder form were measured
at 2450 MHz both the dielectric constant and the loss factor increased with
temperature

AFor starch suspensionsthe effect of free water on dielectric properties becomes
significant Dielectric constant and loss factor of different starch suspensionswere
shownto decreaseastemperatureandstarchconcentrationincreased
ATheincreasein starchconcentrationdecreasesoth the dielectric constantand loss
factor sincestarch moleculesbind water and reducethe amount of free water in the
system

Kerone Research & Development Center (KRDC), Mumbai, India
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Gum: Dielectric Properties and Microwave

CH,OH

0
HO /4 H

OH H
0

AGumshavethe ability to bind highamountsof free water in the system
ADependingon the amount of moisture bound to the gums, dielectric constant
andlossfactor of the systemchange

AChargeof the gum is a significantfactor in affectingits dielectric properties As
the charge increases,the amount of moisture bound to the charged groups
increaseswhichlowersthe dielectricconstantandlossfactor.

Aln the absenceof water, the effect of chargedisappears Theeffect of chargeon
dielectric values may be due to the fact that water associatedwith highly
hydrophilicchargedgroupsmaynot be free to interact with microwaves

AFor microwaveablefood formulations, it is important to know water binding
capacity of the gums and viscosityof the solution to have an idea about the
dielectricpropertiesand microwaveheatability of theseformulations

Kerone Research & Development Center (KRDC), Mumbai, India
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Fat: Dielectric Properties and MW interaction

Fatmoleculesare madeup of four parts: a molecule of glycerol(on the right) and

three moleculesof fatty acids

H
| H=

H
|
C C
H—C—OH ‘ o)
| ﬁ I
H=C—OH H=C—0=C—R?
? OH H 3| oo doi | 2 cC—o0
H—C—OH ‘
¢
|
H

|
H —_—
H

Glycerol 3 Fatty Acids Fat (triglyceride)

ASincelipids are hydrophobicexceptfor ionizablecarboxylgroupsof fatty acids,they
do not interact muchwith microwaves

ATherefore,dielectric properties of fats and oils are very low. The effect of fat on
dielectricpropertiesof food systemss mainlythe result of their dilution effectin the
system

AThe increasein fat content reducesthe free water content in the system,which
reducesthe dielectricproperties

Kerone Research & Development Center (KRDC), Mumbai, India
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Proteins: Dielectric Properties and Microwave

The primary structure of a protein refers to the sequenceof amino acidsin the
polypeptide chain The primary structure is held together by peptide bondsthat are
madeduringthe processof protein biosynthesis

AFree amino acids are dielectrically reactive Free amino acids and polypeptides
contribute to the increasen dielectriclossfactor

AThewater adsorbedon the protein alsoaffectstheir dielectricproperties
ADielectricpropertiesof proteinschangeduring denaturation Proteindenaturationis
defined asthe physicalchangeof the protein moleculedue to heat, UV, or agitation,
whichresultsin areductionin protein solubilityandincreasen solutionviscosity
ADuring denaturation of proteins, since the structure of protein is disturbed, the
asymmetryof the charge distribution will increase This will result in large dipole
momentand polarization,whichwill affectthe dielectricproperties

AMoreover, moisture is either bound by the protein molecule or releasedto the
system during denaturation, which shows a decrease or increase in dielectric
properties,respectively

Kerone Research & Development Center (KRDC), Mumbai, India
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Higher Power Densities More efficient energy usage Increased production speeds

Selective heating "product not Decreased production costs
plant"

Heat not expended to heating air, Since energy source is not ho
walls of the oven, conveyor and there is a plant cooling

other parts savings: HVAC Savings
More Uniform Energy is selectively absorbed by Minimizes overprocessing; no
Temperature Profiles areas of greater moisture scorching, overheating or cast
hardening

Enhanced product performance Improved yields

Kerone Research & Development Center (KRDC), Mumbai, India
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No-Contact Drying
Technology

No Greenhouse Gas
Emissions From Heating
Source

Increased Plant
Throughput

Reduces production run times Reduces both cleaning times and
chemical costs

Lack of high temperature heating Reduces material finish marring
surfaces

May Eliminate the need for Cost savings
environmental permits

Improves working conditions Employee retention

Less handling, floor traffic, fork Better employee ergonomics,
trucks, pallets, transfer points and safety and product damage
congestion More productivity

Less floor space requirements,
contamination, product damage

Kerone Research & Development Center (KRDC), Mumbai, India
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Decreased Process Time Decreased energy usage on Energy savings due to
basis of batch shorter batch times
processed/continuous runs

Ability to pulse the power for Reduced production
precise control

More Compact Requires a smaller equipmen Reduced fixed cost saving:
space or footprint

Can be remotely located in a More usable plant floor
dry, safe area space for increased
production

Kerone Research & Development Center (KRDC), Mumbai, India
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Safety Chokes, mesh screens, and safe Prevent employee injuries
interlocks for complete operator and liability claims
safety
Safer than steam and hot oll Prevents injury & worker
heating discomfort
Precision Energy ~ Can be turned on and off Eliminates the need for
Control instantly warm up and cool down

Product heating occurs from top Reduces product fouling
down

Kerone Research & Development Center (KRDC), Mumbai, India
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Accreditations

Strategic Partners of

Member of AIMCAL Member of IHEA Emitech Italy

Member of ICT

[S—

- EMitec
AIMCAL .
: . Member of AAM.P.E.R.E. ASCB(E) Certification for
v
CRISiv "
RATED COMPANY

1ISO 9001:2008 | ISO 9001:2015 | OHSAS 18001 | EMS 14001
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© Locate -Us
UNIT | UNIT Il EMAIL
B/10,Marudhar Industrial Plot No. B47, AddlI. info@kerone.com
Estate GoddewFatakroad, MIDCAnandnagarAmbernath sales@kerone.com
BhayandefE),Mumbar (East), unit2@kerone.com
401105 Dist. Thane421506
WEBSITE
Phone : +922- Phone : 81-251- www.kerone.com | www.kerone.net
28150612/13/14 2620542/43/44/45/46

| www.keroneindia.com
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