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1. Introduction

Fruits are normally sweet-tasting plant product, sometimes with seeds or with-
out seeds, and most of them are edible in the raw state. Humans and animals
make use of fruits as a source of food. In terms of the nutrition value, a fruit
basically consists of macronutrients and micronutrients. The macronutrients
like fiber and micronutrients like minerals, vitamins C, thiamin, riboflavin, B-6,
niacin, folate, A, and E. Phytochemicals like polyphenolics, carotenoids, and
glucosinolates, will add nutritional value to a fruit [1] [2]. Mechanically squeez-
ing or macerating a fruit will lead the preparation of a juice. Also though juice

will have reduced macronutritional value, it can be made available at all times by
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addition of preservatives while fruits are available only at the designated period
of the crop. So packed fruit juice have very high commercial value in today’s
world. But packed fruit juice will have added preservatives like ascorbic acid,
carbon dioxide and in some cases colorants in order to increase its shelf life. The
present study is an attempt to look into the dielectric properties of fresh juice as
well as packed fruit juice at microwave frequencies.

At electromagnetic field, the dielectric property depends on water content,
frequency, intensity of the field as well as temperature. As the temperature in-
creases, more and more dipoles are free to oscillate, thereby there will be an in-
crease in dielectric characteristics. The dielectric property is represented by di-
electric constant and dielectric loss factor. The dielectric constant decides how
much incident energy can go through the material and dielectric loss determines
how much energy can be absorbed within the material. In reality, the energy ab-
sorption as well as heat dissipation in a material is purely on the basis of specific
characteristics like density, water content, composition and surface structure as
well as bulk characteristics like shape, size and porosity [3].

The microwave technology is used in various applications in food industry
because of the energy is directly transferred to the materials which have moisture
content rather than the conventional conduction mechanism which is a slow
process. Over the conventional processing methods, microwave technology pro-
vides a rapid, clean and efficient heating over a wide range of temperatures.
Electromagnetic energy is directly transferred to and absorbed by the moisture
content material being processed in microwave processing. Thus, microwave
energy can penetrate, thereby producing heat makes microwave technology bet-
ter advantages when compared with other conventional heat processing tech-
niques so that it is used in reheating, pasteurization, curing, freeze-drying,
thawing, sterilization, tempering, baking, pre-cooking, dehydration and blanch-
ing [4] [5] [6] [7] [8].

Various measurement methods are used to measure the complex permittivity
of a material and the method of choice depends on factors like the nature of the
samples under study and the frequency range used [9] [10] [11] [12]. When only
very small volumes of the sample are available, the cavity perturbation technique
is an attractive option as it requires only minute volumes for the measurement
[13]. This makes it suitable for the dielectric study of juices needed. However, no
data is currently available for the complex permittivity of fresh juices and packed
juices in the literature. In this study, the rectangular cavity perturbation tech-
nique has been employed for the measurement of the dielectric properties of
freshly prepared juices as well as packed juices available in the market with the
chemically added preservatives in order to increase its shelf life. The frequency
of measurement is made between 2 to 4 GHz. It is observed that a more appre-
ciable change in the dielectric properties of packed fruit juice than the fresh
samples at the extended period of time. This microwave measurement technique

is very simple, quick and the results are promising as this new method can be
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used in the quality control of packed fruit juices.

2. Sample Preparation

The study was conducted on pineapple, orange, naartjie, grape, apple, lemon,
guava, lychee, strawberry and mango. Fresh fruits are obtained from the market
and made into juice by mechanically squeezing just before the measurements.
Similarly the packed fruit juice from the market which are kept at temperature at
4°C to 8°C were used for the measurements. The juices were filled into the ca-
pillary bulb for microwave measurements and the measurements were made at
20°C.

3. Material and Methods

The experimental set-up consists of a transmission type S-band rectangular cav-
ity resonator, Rohde & Schwarz ZVL network analyzer. The cavity resonator is a
transmission line with one or both ends closed. Figure 1 shows the experimental
setup. The numbers of resonant frequencies are determined by the length of the
resonator. The resonator in this set-up is excited in the TE,,, mode. The sample
holder which is made of glass in the form of a capillary tube flared to a disk
shaped bulb at the bottom is placed into the cavity through the non-radiating
cavity slot, at broader side of the cavity which can facilitate the easy movement
of the holder. The resonant frequency f, and the corresponding quality factor Q,
of the cavity at each resonant peak with the empty sample holder placed at the
maximum electric field are noted. The same holder filled with known amount of
sample under study is again introduced into the cavity resonator through the
non-radiating slot. The resonant frequencies of the sample loaded cavity are se-
lected and the position of the sample is adjusted for maximum perturbation (Z.e.
maximum shift of resonant frequency with minimum amplitude for the peak).
The new resonant frequency fs and the quality factor Q, are noted. The same
procedure is repeated for other resonant frequencies. The measurement is made

from 2 GHz to 4 GHz of S-band in microwave region [14].

Non-radiating Slot

Coupling hole Adapter

Figure 1. Experimental set up.
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4. Theory

Theoretical analysis for the determination of complex permittivity of materials
using rectangular waveguide cavity: When a small sample is inserted in a cavity
which has the electric field E;, and magnetic field H, in the unperturbed state,
the fields in the interior of the objectare E and H . Beginning with Maxwell’s
equations, Bethe and Schwinger [15] obtained an expression for the resonant
frequency shift. For lossless sample, the variation of resonant frequency is given
by Harrington [16] as
w—m, [(AE-Ej+AuH -H;)de

o [(¢E-E+uH -H)dr .

where ¢ and g are the permittivity and permeability of the medium in the
unperturbed cavity respectively and dz is the elemental volume. As and
Ay are changes in the above quantities due to introduction of the sample in the
cavity. Without affecting the generality of Maxwell’s equations, the complex
frequency shift due to a lossy sample in the cavity is given by Waldron [17]

(2, —1)&, [ E-E;aV + (2, 1) o [ H - HoadV

oQ N A A

Q- [ (D, -E;+B,-H;)dv

Ve

2

Two approximations are made in applying Equation (2), based on the as-
sumption that fields in the empty part of the cavity are negligibly changed by the
insertion of the sample and that the fields in the sample are uniform over its vo-
lume. Both these assumptions can be considered valid if the object is sufficiently
small relative to the resonant wavelength. The negative sign in Equation (2) in-
dicates that by introducing the sample the resonant frequency is lowered. Be-
cause the permittivity of practical materials is complex, the resonant frequency
should also be considered as complex. In Equation (2), the dQ is the complex
frequency shift. B,, H,, D, and E; are the fields in the unperturbed cavity.
E and H are the fields in the interior of the sample. & =& — j& and
H=p — i and V, and V, are the volumes of the cavity and sample re-
spectively. In terms of energy, the numerator of Equation (2) represents the
energy stored in the sample and the denominator represents the total energy
stored in the cavity. The total energy W =W, +W_=2W, =2W _. When a di-
electric sample is introduced at the position of maximum electric field only the
first term in the numerator is significant, since a small change in & at a point
of zero electric field or a small change in x at a point of zero magnetic field
does not change the resonance frequency. Thus Equation (2) can be reduced to

o DI

a - 2J' 3)

E,["dv

Let Q, be the quality factor of the cavity in the unperturbed condition and
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Q, the Q-factor of the cavity loaded with the object. The complex frequency
shift is related to measurable quantities by [18]

6_Qz5_w+1{i_i} @
Q o 2/Q Q

Equating the real and imaginary terms of Equations (3) and (4) we get

(¢/-1) [ E-EgpeedV
s fo — Vs (5)

f 2[|E,["dv
VC

& [ E-EgppedV
Vs

0 max

11 1
Sl e (6)
2{Qs QJ 2]|E,|" av

We may assume that E ~ E; and the valueof E, in TE,, modeas

. (MmIIX . z
E, = Egrax sm( 11 jsm[ pl(;[ j where a is the broader dimension of the
a

waveguide and d is the length of the cavity. Integrating and rearranging the

f,—f,(V,
1=0 sl e 7
i) ’

S

o= F—i} (®)
4Vs Qs QO

If the frequency shift is measured from the resonance frequency f, of the

above equations we get

cavity loaded with empty capillary rather than that with empty cavity alone the

above equations become

f—-f(V
(=t =)l 9
ér 21, [vj ®)
gr": VC {i_i} (10)

N Qo Q

Q, is the quality factor of the cavity loaded with empty capillary. f, and
Q, are the resonance frequency and quality factor of the cavity loaded with ca-
pillary containing the sample material.

Theory for the determination of conductivity of the materials:

For a dielectric material having non-zero conductivity, the Ampere’s law in

phasor form as

VxH =(o+ jog)E=(c+ jos")E+ joe'E (11)

where g=¢"— j&" is the absolute permittivity of the medium.

The loss tangent
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+ "
tanod = ﬂ
we'
For dielectrics o =0 then Equation (12a) becomes

”

tano _£
g!

o, =0 +we", is the effective conductivity of the medium.
But

tan5:i:{i—i}
Q Qs Ql

m

where is Q,, istheloaded Q-factor of the cavity with sample alone.

The effective conductivity

we'  weg,
o =—=—

CQ Q

When o is very small, the effective conductivity is reduced to

_ " _ "
o, =ws" =27f g€,

5. Results and Discussion

(12a)

(12b)

(13)

(14)

(15)

The microwave experiment in fruit juices were done using cavity perturbation

technique collected from freshly prepared juices as well as packed juices and the

results were shown in Figures 2-13. From Figures 2-4 it is observed that freshly

prepared juices as well as packed juices exhibit almost similar ranges of dielectric

constant even though the measurements were made at different intervals of time.

From Figures 5-7 shows the dielectric loss or conductivity of freshly prepared

juices. These results are shows that the conductivities are consistent over the ex-

tended period of time. From Figures 8-10 shows the dielectric constant of packed

Dielectric constant of pure fruit juice

72.5 +
72 =—&=pineapple
g —==orange
s
§ 7 == naartjie
2 705 —=—grape
-
% 70 —ie=apple
5 69.5 lemon
69 —l=-guava
68.5 . i i ' ' ' —@=—|ychee
2400 2600 2800 3000 3200 3400 3600 —k—strawberry
—=$=Mmango

Frequency in MHz

Figure 2. Variation of dielectric constant of pure fruit juice.
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Figure 3. Variation of dielectric constant of pure fruit juice after 1 hour.
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Figure 4. Variation of dielectric constant of pure fruit juice after 2 hours.
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Figure 5. Variation of conductivity of pure fruit juice.
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Figure 6. Variation of conductivity of pure fruit juice after 1 hour
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Figure 7. Variation of conductivity of pure fruit juice after 2 hours.
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Figure 8. Variation of dielectric constant of packed fruit juice.
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Figure 9. Variation of dielectric constant of packed fruit juice after 1 hour.
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Figure 10. Variation of dielectric constant of packed fruit juice after 2 hours.
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Figure 12. Variation of conductivity of packed fruit juice after 1 hour.
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Figure 13. Variation of conductivity of packed fruit juice after 2 hours.

fruit juice at different time intervals. These results suggest that the dielectric con-
stant is similar for the different intervals of time. From Figures 11-13 shows the
conductivities of packed fruit juice over the extended period of time. These re-
sults show that there is a distinct variation of conductivities over the period of
time as well as with that of freshly prepared juices. Packed juices exhibit higher
conductivity than the freshly prepared juices because of the presence of added
preservatives which is necessary to increase its shelf life. So it is very critical that
packed fruit juice should be consumed immediately after it is opened. Thus in the
S band of microwave (ISM band), freshly prepared fruit juices and packed fruit
juice were studied and exhibit distinct variation of conductivity even after certain

intervals of time.

6. Conclusion

The microwave characterization has been performed in the freshly prepared
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juices as well as packed fruit juices using the cavity perturbation technique. The
cavity perturbation technique is quick, simple, and accurate and it requires very
low volume of sample for measuring the dielectric properties of samples like
juices. The limitation of this method is that measurement can lead to more ac-
curate results on liquid samples than on solid samples. From the results, it is ob-
served in the certain dielectric properties, the fresh juices samples and packed
juices samples were varying and also varying over a period of time. This mea-
surement method is simple and quick and can be used over a range of juices.
These results prove a new method of determining the quality control of juices

using microwave principles.

References

[1] Franke, A.A., Cooney, R.V., Henning, S.M. and Custer, L.J. (2005) Bioavailability
and Antioxidant Effects of Orange Juice Components in Humans. Journal of Agri-
cultural Food Chemistry, 53, 5170-5178. https://doi.org/10.1021/jf050054y

[2] Kurowska, E.M., Spence, ].D., Jordan, J., Wetmore, S., Freeman, D.J., Piché, L.A.
and Serratore, P. (2000) HDL-Cholesterol-Raising Effect of Orange Juice in Subjects
with Hypercholesterolemia. American Journal Clinical Nutrition, 72, 1095-1100.

[3] Ahmed, J. and Ramaswamy, H.S. (2007) Handbook of Food Preservation. 2nd Edi-
tion, Taylor & Francis Group, CRC Press, 691-711.

[4] Fratianni, A., Cinquanta, L. and Panfili, G. (2010) Degradation of Carotenoids in
Orange Juice during Microwave Heating. Food Science and Technology, 43,
867-871. https://doi.org/10.1016/j.1wt.2010.01.011

[5] Cinquanta, L., Albanese, D., Cuccurullo, G. and Dimatteo, M. (2010) Effect on
Orange Juice of Batch Pasteurization in an Improved Pilot-Scale Microwave Oven.
Journal of Food Science, 75, 46-50.
https://doi.org/10.1111/j.1750-3841.2009.01412.x

[6] Prakash, A., Kim, H.J. and Taub, I.A. (1997) Assessment of Microwave Sterilization
of Foods Using Intrinsic Chemical Markers. Journal of Microwave Power Electro-
magnetic Energy, 32, 50-57. https://doi.org/10.1080/08327823.1997.11688323

[7] Ohlsson, T. and Bengtsson, N.E. (1975) Dielectric Food Data for Microwave Sterili-
zation Processing. Journal of Microwave Power Electromagnetic Energy, 10, 93-108.

[8] Tajchakavit, S. and Ramaswamy, H.S. (1997) Thermal vs. Microwave Inactivation
Kinetics of Pectin Methylesterase in Orange Juice under Batch Mode Heating Con-
ditions. Food Science and Technology, 30, 85-93.

[9] Ghodgaonkar, D.K,, Varadan, V.V. and Varadan, V.K. (1990) Free Space Measure-
ment of Complex Permittivity and Complex Permeability of Magnetic Materials at
Microwave Frequencies. JEEE Transactions on Instrumentation and Measurement,
39, 387-394. https://doi.org/10.1109/19.52520

[10] Ghodgaonkar, D.K., Varadan, V.V. and Varadan, V.K. (1989) A Free Space Method
for Measurement of Dielectric Constant and Loss Tangents at Microwave Frequen-
cies. IEEE Transaction on Instrumentation and Measurement, 38, 789-793.
https://doi.org/10.1109/19.32194

[11] Barry, W. (1986) A Broadband, Automated, Stripline Technique for the Simultane-
ous Measurement of Complex Permittivity and Complex Permeability. /EEE
Transaction on Microwave Theory and Techniques, 34, 80-84.
https://doi.org/10.1109/TMTT.1986.1133283

DOI: 10.4236/jemaa.2017.99011

133 Journal of Electromagnetic Analysis and Applications


https://doi.org/10.4236/jemaa.2017.99011
https://doi.org/10.1021/jf050054y
https://doi.org/10.1016/j.lwt.2010.01.011
https://doi.org/10.1111/j.1750-3841.2009.01412.x
https://doi.org/10.1080/08327823.1997.11688323
https://doi.org/10.1109/19.52520
https://doi.org/10.1109/19.32194
https://doi.org/10.1109/TMTT.1986.1133283

A. Lonappan et al.

[12]

Abbas, Z., Pollard, R.D. and Kelsall, R-W. (1998) A Rectangular Dielectric Wave-
guide Technique for Determination of Permittivity of Materials at W-Band. /EEE

Transactions on Microwave Theory and Techniques, 46, 2011-2015.
https://doi.org/10.1109/22.739275

[13] Mathew, K.T. (2005) Perturbation Theory. In: Encyclopedia of RF and Microwave

Engineering, Wiley-Interscience, Vol. 4, 3725-3735.
https://doi.org/10.1002/0471654507.eme309

[14] Lonappan, A. (2012) Novel Method of Detecting HIN1 using Microwaves. Journal

of Biomedical Science and Engineering, 5.

[15] Bethe, H.A. and Schwinger, J. (1943) NDRC Report D1-117. Cornell University.

[16] Harrington, R.F. (1961) Time-Harmonic Electromagnetic Fields. McGraw-Hill,

New York, 317.

[17] Waldron, R.A. (1960) Perturbation Theory of Resonant Cavities. Proceedings of In-

stitution of Electrical Engineering, 107C, 272-274.
https://doi.org/10.1049/pi-c.1960.0041

[18] Waldron, R.A. (1969) Theory of Waveguides and Cavities. Maclaran and Sons,

London, 75.

K2
+%%, Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best

service for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system

Efficient typesetting and proofreading procedure

Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact jemaa@scirp.org

DOI: 10.4236/jemaa.2017.99011

134 Journal of Electromagnetic Analysis and Applications


https://doi.org/10.4236/jemaa.2017.99011
https://doi.org/10.1109/22.739275
https://doi.org/10.1002/0471654507.eme309
https://doi.org/10.1049/pi-c.1960.0041
http://papersubmission.scirp.org/
mailto:jemaa@scirp.org

Call for Papers

Journal of
Electromagnetic

pewsiseill Journal of Electromagnetic

Applications i i i
— Analysis and Applications

MHMMM

R ISSN:1942-0730 (Print) ISSN: 1942-0749 (Online)

http://www.scirp.org/journal/jemaa

Journal of Electromagnetic Analysis and Applications (JEMAA) is a professional journal in the field of
electromagnetic analysis, testing and application. The goal of this journal is to provide an international
platform for engineers and academicians all over the world to promote, share, and discuss various new
issues and developments in the field of electromagnetics. This journal is edited to encourage deeper
understanding and greater effectiveness in theory analysis, testing, numerical calculation and engineering
application that relevant electromagnetic fields.

Editor-in-Chief

Prof. Yuanzhang Sun Wuhan University, China

Subject Coverage

JEMAA publishes four categories of original technical reports: papers, communications, reviews, and
discussions. Papers are well-documented final reports of research projects. Communications are shorter and
contain noteworthy items of technical interest or ideas required rapid publication. Reviews are synoptic
papers on a subject of general interest, with ample literature references, and written for readers with widely
varying background. Discussions on published reports, with author rebuttals, form the fourth category of
JEMAA publications. Topics of interest include, but are not limited to:

e AntennaArrays

e Antenna Theory and Applications

® Biological Effects

® Eddy Current Problems

Electric Power and Grounding (Earth)
Electric Power Line

Electrical Machine

Electrocardiograph (ECG)
Electroencephalograph (EEG)
Electromagnetic Breaker

Electromagnetic Compatibility (EMC)
Electromagnetic Compatibility and Electromagnetic Environment
Electromagnetic Devices

Electromagnetic Field Theory
Electromagnetic Interferences (EMI)
Electromagnetic Inverse Problems
Electromagnetic Launch

Electromagnetic Material Modelling
Electromagnetic Measurement Technology and Instruments
Electromagnetic Nondestructive Testing
Electromagnetic Numerical Analysis
Electromagnetic Physics

Electromagnetic Solid Mechanics
Electromagnetic Structure Optimization
Electromagnetism and Biological Tissues
Electromagnetism and Medical Devices
Electromagnetism in Medical Applications

Notes for Intending Authors

Submitted papers should not be previously published nor be currently under consideration for publication
elsewhere. Paper submission will be handled electronically through the website. All papers will be peer
reviewed. For more derails about the submissions, please access the website.

Website and E-Mail

http://www.scirp.org/journal/jemaa E-mail: jemaa@scirp.org

Electromyography

Environmental Pollution by Electromagnetics
Fiber Optics

High Frequency Techniques

Integrated Optics

Magnetic Fluid

Measuring Technique of Radiated Electromagnetic
Medical Applications

Moving Conductor Eddy Current Problems
Multiphysics Coupled Problems

Noise and Signals

Noise Reduction

Optical and Millimeter Wave Techniques

Printed Circuits

Quasi-Static Fields

Radar Measurements and Applications

Radiated Electromagnetic

Scattering and Diffraction

Serges (Thunderbolts or Static Electricity)

Solid State Devices and Circuits

Static Fields

Static Magnetic

Test Electromagnetic Analysis Method (Team) Workshop Benchmark Problems
The Problems of the Propagation of Electromagnetic Waves
Waveguides



Whatis SCIRP?

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and
contributes to the progress and application of science with its publication.

What is Open Access?

All original research papers published by SCIRP are made freely and permanently accessible
online immediately upon publication. To be able to provide open access journals, SCIRP defrays
operation costs from authors and subscription charges only for its printed version. Open access
publishing allows an immediate, worldwide, barrier-free, open access to the full text of research
papers, which is in the best interests of the scientific community.

e High visibility for maximum global exposure with open access publishing model
e Rigorous peer review of research papers

¢ Prompt faster publication with less cost

e Guaranteed targeted, multidisciplinary audience

Artang p 5= |

si
Re“ew ign -Mvanenln o
lhomcuatlu- Sciences
A

L 31
Advances in
Entomolo

.l
Engineerind

rican J_ournal Enargy and e’
Am;anﬁugnces
of

@, L
‘0‘0 Scientific
o585, B,

Website: http://www.scirp.org
Subscription: sub@scirp.org
Advertisement: service@scirp.org




	Front Cover
	Inside Front Cover-Editorial Board
	Table of Contents
	Journal Information
	123-Analysis of Certain Fruit Juices Using Microwave Techniques
	Inside Back Cover-Call for Papers
	Back Cover





