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Abstract:Thisresearchpapercontributestotheunderstandingofthedielectricpropertiesof fruit
juices at different frequencies. Understanding the dielectric properties of food
materials,particularly fruit juices, is essential for optimizing microwave processing
techniques andensuring product safety and quality. In this research, various fruit juices, such as
pomegranate,sweetlime,andlemon, wereselectedasrepresentativesamples. Thedielectricmeasur
ementswere conducted at discrete frequencies, using Vector Network Analyzer with an
85070Edielectric probe. The collected data were then analyzed to investigate the frequency-
dependentbehavior of the dielectric properties. The results revealed that the dielectric constant
(€ of
thefruitjuicesdecreasedwithincreasingfrequency,whilethedielectriclossfactor(e'")increasedwit
hfrequency

atroomtemperature(24°C). Thisresultfindingmaybeduetothemolecularstructureandpolarizatio
nofthematerials.
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Introduction:

Sweet lime, also known as mosambi, belongs to the citrus family. Sweet lime, lemon,
andpomegranatearegoodsourcesofvitaminC,whichbooststheimmunesystemandpromotescoll
agen production. They also provide potassium, which helps supports heart health
andregulate blood pressure. Sweet lime and lemon both contain calcium, which contributes to
bonehealth,andvitaminA,whichisimportantforvisionandskinhealth.Lemonactsasanaturaldeto
xifier and helps cleanse the body. It contains antioxidants that protect against free
radicalsandreduceoxidativestressPomegranateshaveauniquesweetandtangytasteandarepacke
dwith juicy seeds called arils. Pomegranate is a good source of Vitamin C, Vitamin K,
Iron,Potassium,andseveralothernutrients. Pomegranatehelpstopreventcoronaryheartdiseases,
cancer(breast,skin),inflammation,hyperlipidemia,cardiacdisorders,aging,diabetes,braindisor
ders,hypoxia,and AIDS(Shishodiaetal.2006).

The interaction between electromagnetic radiation and matter is characterized by
fundamentalparametersknownasdielectrim@gmqslThesepropertiesplayacrucialroleindeter
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anddevelopingapplicationsofmaterialsbasedontheirelectricalcharacteristics. Bystudyingthedi
electricdataofmaterials,valuableinsightscanbegainedtoeffectivelyunderstandtheircapacitive
properties, energy storage capabilities, and energy losses resulting from
theirinteractionwithelectromagneticfields.

The dielectric permittivity of materials at microwave frequencies can be represented by
acomplexnumber,e*= g'-je", wheree'isthe
realpart,whichisknownasthedielectricconstant,ande"istheimaginarypart,referredtoasthedielectr
iclossfactor| 1].Dielectricconstant(e')is defined as the ratio of the electrical permittivity of
the material to the permittivity of freespace. The dielectric constant characterizes the
material's ability to store
electromagneticenergyandisamolecularpropertythatisdependentontemperatureandfrequency
anditalsodepends on the material's internal structure. The dielectric constant's value is
essential
indetermininghowelectromagneticenergyisreflectedandtransmittedwhenitencounterstheinter
face between material and air. In the case of a vacuum, the dielectric constant is
simplyequaltoone(e'=1).

Thedielectriclossfactor(e'")isameasureofthowwellamaterialcanconvertelectromagneticenergy
into heat, and it depends on both the frequency and the specific dielectric material. Thisfactor
can be divided into two components: €"¢, which relates to dipole rotation, and €',
whichrelatestoionicconduction. Theionicconductivity,c,ismeasuredinSiemenspermeter(Sm’

1), while o represents the angular frequency of the waves in hertz, and gorepresents
thepermittivityoffreespaceorvacuum.

The measurement of dielectric permittivity in fruit juices at microwave frequencies is
aspecialized approach that explores the dielectric properties of these juices. It offers
valuableinsightsintohowtheyrespondwhenexposedtomicrowaveradiation. Thisanalysisprovid
escrucial information regarding the behavior of fruit juices in microwave environments.
Suchknowledge is significant in understanding their interaction with electromagnetic waves and
canaid in various applications, including food processing, quality assessment, and
productdevelopment.

MaterialsandMeasurementMethod:

Toperformtheexperimental
investigation,freshlyobtainedsamplesofSweetlime,Lemon,andPomegranatewereacquiredfro
manearbylocalsupermarketandsubsequentlysubjectedtojuiceextractionusingahigh-
qualityjuicer,followedbymeticulousfiltrationutilizingfine-grain filter paper with appropriate
pore size. This methodology ensured the removal of
anyparticulatematter,andimpurities,maintainingthepurityofthesample.

Thedielectricconstant(¢")anddielectriclossfactor(e”)ofthefreshSweetlime,Lemon,andPomegr
anate samples cleaned after cleaning the fruit extract juices then measured using a high-
frequencyvectornetworkanalyzer,model AgilentE8364C,inthefrequencyrangeof4GHzto 20
GHz at room temperature (24°C). In the study, a test probe used that consisted of an open-
endedcoaxialprobesystem,specificallythe Agilent85070E. Thisprobesystemallowedtheassess
ment of dielectric properties by examining the phase and amplitude of the signal reflectedat the
interface between the open-ended coaxial line and the sample being tested. By
conductingmeasurements of the reflection and transmission coefficients at different
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andanalyzingthephysicaldimensionsofamaterial,onecanobtainathoroughunderstandingof
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itspermittivityandpermeability[2]. Thisapproachenablesacomprehensivecharacterizationofthe
electromagneticpropertiesofthematerial. These VN Asautomaticallydisplaychangesinfrequenc
yandwidthofresonantmaxima,whichcanbeusedtocomputethevaluesofthedielectricconstant(e'
)anddielectriclossfactor(e")(EngelderandBuffler,1991).

Inordertoensuretheaccuracyofthemeasurement,theinstrumentwascalibratedusingthreediffere
ntloads.Theseloadswerechosentocoverarangeofdielectricproperties,namelyair,a short circuit
with metal contacts, and pure water at room temperature. Calibration is a processthat helps to
make sure that the measurements we take are accurate and reliable. Aftercalibration place
the juice sample in a container which is a clean and flat bottom. Insert theopen-ended
coaxial probe into the juice so that the probe tip is just below the surface of
thejuiceandmeasuretheS-parametersofthejuicesamplesusingtheopen-
endedcoaxialprobemethodwiththehelpofVNAoverafrequencyrange4GHzto20GHz. TheS-
parameterscanprovide valuable insights into the reflection and transmission coefficients of the
samples underthe study. The open-ended coaxial probe method is a widely accepted and
established techniquefordeterminingthedielectricpropertiesofliquidsorsemisolids.UsingtheS-
parameters,itispossible to determine the dielectric properties of the samples, including the
dielectric constantand dielectric loss. This can be done using software that is aligned with
the Vector NetworkAnalyzer.

The Vector Network Analyzer (VNA) is an accurate and reliable tool for measuring
thescattering parameters that are mandatory for calculating the complex permittivity,
whichincludes the dielectric constant and dielectric loss. This technique is highly reliable
indeterminingthedielectricpropertiesofsemisolidsorliquids,asitprovidesaccuratemeasuremen
tsofthescatteringparametersrequiredfor

thecalculations. Thecomplexpermittivityisanimportantaspectinunderstandingthebehaviorofdi
electricmaterials,andhenceitisimportanttohaveapreciseanddependabletoollike VN A foraccura
temeasurements.

The fundamental components of a VNA consist of a signal source, a receiver, and a
displayunit. The signal source sends a signal at a single frequency through a coaxial probe
to thematerial under examination. The receiver measures the transmitted and reflected signals
of thatfrequency with the incident energy as the reference. The VNA produces the relevant
magnitudeand phase data at that frequency. The source is then stepped to deliver a signal of
anotherfrequency,andthemeasurementsarerepeated. Thefrequencyvariationandmeasurements
onthe VNA are rapidly performed, displaying the phase and magnitude data for the reflected
andtransmittedsignalsasafunctionoffrequencyonthedetectorscreen(Agilent,2006).
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Fig.1VectorNetworkAnalyzerwith85070Edielectricprobekit

ResultsandDiscussion:

In the present work, the values of dielectric constant (¢) and dielectric loss (¢”) of Sweet
lime,Lemon, and Pomegranate juices were measured at differentfrequencies respectively are
listedintablel,2,and3. Asseeninthedata,thevaluesofthedielectricconstantanddielectriclossvari
ed with frequency at room temperature(24’C). The obtained results provide useful
insightsintothedielectricpropertiesofSweetlime,Lemon,andPomegranate.

Table 1. Experimental values of Dielectric properties of Sweet lime Juice at
differentfrequenciesatroomtemperature(24°C):

Frequency(GHz) g’ g"’

4 81.0381 4.5648

6 77.2202 10.2306
8 71.8978 14.9434
10 65.7508 19.0548
12 59.9755 22.3214
14 54.1326 24.3808
16 48.9816 26.1517
18 44.0745 26.7269
20 39.9676 27.5726
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Fig.2FrequencydependenceofDielectricconstantofSweetlimeatroomtemperature(24°C)
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Fig.3FrequencydependenceofdielectriclossofSweetlimeatroomtemperature(24°C)

figures 2 and 3 depict the graphical portrayal of the frequency-dependent characteristics of
thedielectricconstant(e”)anddielectricloss(e’")ofsweetlimejuiceatstandardroomtemperatures.
Thedataexhibitsadiscernibledownwardtrendinthedielectricconstantvaluesas the frequency
increases, whereas the dielectric loss values exhibit an upward trend
withincreasingfrequency.

Thedecreaseinthevaluesofthedielectricconstantofsweetlimeatfrequenciesrangingfrom4 GHz
to 20 GHz at room temperature can be attributed to several factors like
molecularstructureandpolarizationofthematerialandelectricalconductivitymayalsoberesponsi
blefor this. The increasing order of dielectric loss of juice can be attributed due to the
Ionicconduction, the presence of ions in the juice can lead to increased electrical
conductivity,particularlyathigherfrequencies.Asthefrequencyincreases,theionsinthesweetlim
ejuice
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arclessabletorespondtothealternatingelectricfield,resultinginreduced
polarizationandincreaseddielectricloss.

Table2.ExperimentalvaluesofDielectricpropertiesof LemonJuiceatdifferentfrequencies
atroomtemperature(24°C):

Frequency(GHz) g’ g"’
4 84.5754 2.2621
6 83.0897 10.0594
8 78.0005 14.2447
10 68.5706 18.1221
12 65.9014 22.3005
14 59.0799 25.1606
16 52.5612 26.3206
18 49.9431 27.0188
20 43.531 28.8752
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Fig.4FrequencydependenceofdielectricconstantofLemonatroomtemperature(24°C)
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Fig.5FrequencydependenceofdielectriclossofLemonatroomtemperature(24°C)

Figures4and5presentgraphicalrepresentationsofthefrequency-
dependentbehaviorofthedielectricconstant(e”)anddielectricloss(e” ")oflemonjuiceatroomtemp
erature. Thedatashowcases a clear inverse relationship between the dielectric constant and
frequency,
indicatingadeclineinvaluesasthefrequencyincreases.Conversely,thedielectriclossvaluesdemo
nstrateapositivecorrelationwithfrequency,exhibitinganupwardtrend.

Thedecreaseinthedielectricconstantoflemonjuiceasthefrequencyincreasesfrom4GHzto20GH
zatroomtemperaturecanbeexplainedbythemolecularpolarizationandrelaxationprocesses
within the juice. The behavior of dielectric loss can be attributed to the
overall,combinationofmoleculardipoleorientation,interfacialpolarization,andconductivelosse
.

Table3.ExperimentalvaluesofDielectricpropertiesofPomegranateJuiceatdifferentfrequ
enciesatroomtemperature(24°C):

Frequency(GHz) g’ g"’

4 77.7682 0.0921
6 75.2764 3.1962
8 70.4909 8.8027
10 65.2406 13.4076
12 60.0461 17.7089
14 54.9106 20.544
16 50.1471 22.7455
18 45.8121 24.0508
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Fig.6FrequencydependencedielectricconstantofPomegranateatroomtemperature(24°C)
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Fig.7FrequencydependenceofdielectriclossofPomegranateatroomtemperature(24°C)

Figures 6 and 7 show graphs that explain how the dielectric constant (¢") and dielectric
loss(e”)ofpomegranatejuicechangewithfrequencyatroomtemperature. Thedatarevealsthatthe
dielectricconstantdecreasesasthefrequencyincreases.Ontheotherhand,thedielectriclossincrea
sesasthefrequencygoesup.

Thedatashowsthatthedielectricconstantofpomegranatejuicedecreasewithfrequency,thisbehavi
orcanbeattributedtomolecularrelaxationprocesses,atlowerfrequencies,moleculeshave
sufficient time to rotate and reorient themselves, contributing to higher dielectric
constantvalues. However, at higher frequencies, molecular relaxation becomes limited,
leading to adecrease inthedielectricconstant. Theincreasein dielectric
lossofpomegranatejuice with
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frequencyatroomtemperaturemaybeduetothepresenceofchargedparticlesandionsinthejuice.
These charged particles respond differently to alternating electric fields at
differentfrequencies,leadingtoincreasedenergydissipationandhigherdielectricloss.

Conclusion:

The purpose of this research was to examine the dielectric properties of citrus fruit
juices,focusing on the dielectric constant and dielectric loss at various frequencies between
4 GHzand 20 GHz at room temperature (24°C). To carry out the measurements, a Vector
NetworkAnalyzer (VNA) was employed. The observed trend of a decrease in the dielectric
constantvalues and an increase in the dielectric loss values of sweet lime, lemon, and
pomegranatejuices with higher frequencies can be attributed to the behavior of molecules
within thedielectric substance. It is important to consider that the unique features of each
fruit, like itsmolecules, water content, and cellular structure, can affect its dielectric
properties and howtheychangewithfrequency.Thingslike
sugars,acids,andothersubstancesdissolvedinthefruit can also influence the behavior of
dielectric loss and also this may help in gaining a deeperunderstanding of their electrical
characteristics. Further studies can explore the correlationbetween dielectric properties and
other physicochemical parameters of fruit juices to
facilitateimprovedqualitycontrolandproductdevelopmentinthefoodindustry.
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