DIELECTRIC SPECTROSCOPY OF MELONS
FOR POTENTIAL QUALITY SENSING

S. O. Nelson, S. Trabelsi, S.J. Kays

ABSTRACT. Several cultivars of cantaloupe, honeydew melons, and watermelons were planted and harvested with a range of
maturities for dielectric properties measurements and moisture and soluble solids content (SSC) determination. Permittivities
(dielectric constants and dielectric loss factors) were determined over the frequency range from 200 MHz to 20 GHz with an
open-ended coaxial-line probe and network analyzer for both interior tissue and surface measurements. Permittivity data are
presented graphically for all three types of melons. High correlations were noted between SSC and moisture content in the
tissues of all three kinds of melons, with SSC increasing linearly with decreasing moisture content of the edible tissues.
Dielectric properties determined by measurements on the external surface of the melons had lower values than those of the
internal tissues. Dielectric properties were similar for all three melon types, and they reflect the influence of the dielectric
behavior of free water. No obvious correlations were noted between the dielectric properties and the SSC (sweetness) for
sensing the quality of the melons.
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ondestructive techniques for sensing quality of
agricultural products are useful for growers, han-
dlers and packers, marketers, and consumers of
these products. For melons in general, there are no
reliable methods for nondestructive determination of quality,
the main attribute being the sweetness of the internal edible
tissue. For watermelon, correlations have been reported be-
tween melon density and soluble solids content (SSC), which
were used in the sorting process (Kato, 1997), but other tech-
niques, including near-infrared reflectance for SSC deter-
mination, are destructive. Sweetness can be rapidly assessed
by taking a plug from a melon and measuring SSC with cali-
brated refractometers, but this leaves the melon vulnerable to
rapid deterioration. Radio-frequency electric fields can pene-
trate melons well. Therefore, if the dielectric properties of the
internal tissue of melons could be correlated with the SSC of
those internal tissues, it might be possible to develop inex-
pensive instruments to sense those dielectric properties with
electric fields and, thus, determine sweetness nondestruc-
tively.
Dielectric properties of materials are those electrical
properties that determine the interaction of the material with
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electric fields. For example, the dielectric properties deter-
mine how rapidly materials absorb energy from the electric
fields in microwave heating. These properties can be defined
in terms of the complex relative permittivity, € =¢"— j&”,
where the real part €’ is called the dielectric constant and the
imaginary part €” is the dielectric loss factor; €’ is associated
with energy storage in the electric field in the material, and
€” is associated with the energy lost or converted to heat in
the material.

The dielectric properties of cantaloupe were measured in
the frequency range from 200 MHz to 20 GHz along with
many other fruits and vegetables to provide some background
data on those properties (Nelson et al., 1994). Cantaloupe
was also included in dielectric spectroscopy studies on sever-
al fruits and vegetables in the 10 MHz to 1.8 GHz range (Nel-
son, 2005). Efforts to find correlations between SSC and
dielectric properties from 10 MHz to 1.8 GHz have been pub-
lished for honeydew melons (Nelson et al., 2006b) and water-
melons (Nelson et al., 2007). An interesting correlation
between the dielectric properties and SSC was reported for
honeydew melons (Nelson et al., 2006a), but attempts to use
that correlation for predicting SSC were not successful (Guo
et al., 2007). The work reported here was conducted to deter-
mine whether useful correlations might be obtained between
SSC and dielectric properties of cantaloupe, honeydew mel-
ons, and watermelons in the frequency range from 200 MHz
to 20 GHz.

MATERIALS AND METHODS
MELONS

Four cultivars of cantaloupe (Cucumis melo L. Cantalou-
pensis group), ‘Ambrosia’, ‘Athena’, ‘Carousel’, and
‘Gourmet’, three cultivars of honeydew melons, (Cucumis
melo L. Inodorus group), ‘Earli Dew’, ‘Honey Brew’, and
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‘Rocio’, and three cultivars of miniature (“icebox”, “pock-
et”) watermelons (Citrullus lanatus (Thunb.) Matsum. & Na-
kai), ‘Smile’, ‘Sugar Baby’ and “Yellow Doll” were grown at
the University of Georgia Horticulture farm, Watkinsville,
Georgia, in a Cecil clay loam soil using standard melon cul-
ture methods (Boyham et al., 2006). Plantings at 1 X 4 m
were made on June 1, 7, and 14, 2007. Bravo and Pristine fun-
gicide were applied alternately at two-week intervals. Fertil-
ization was based upon soil analysis and culture
recommendations (Boyham et al., 2006). Fruit of varying
stages of maturity were harvested on August 7 and 21 for
analysis. They were stored at 4°C from time of harvest until
time for measurements, which was not more than a few days.
Measurements were taken on twelve each of the ‘Ambrosia’,
‘Athena’ and ‘Carousel’ and seven of the ‘Gourmet’ canta-
loupe cultivars; on sixteen ‘Earli Dew’, nine ‘Honey Brew’,
and eighteen ‘Rocio’ honeydew cultivars; and on four
‘Smile’, fifteen ‘Sugar Baby’, and nine “Yellow Doll” water-
melon cultivars, respectively.

DIELECTRIC PROPERTIES MEASUREMENTS

The electrical measurements necessary for dielectric
properties determination were obtained with a Hewlett-
Packard 85070B open-ended coaxial-line probe and a
Hewlett-Packard 8510C network analyzer (Nelson et al.,
2006b). Permittivities (dielectric constants and loss factors)
were calculated with Agilent Technologies 85070D dielec-
tric probe kit software, which provided permittivity values
from the reflection coefficients of the material in contact with
the active tip of the probe (Blackham and Pollard, 1997). Set-
tings were made to provide measurements at 51 frequencies
on a logarithmic scale from 200 MHz to 20 GHz. The 85070B
probe and 8510C analyzer were calibrated with measure-
ments on air, a short-circuit block, and glass-distilled water
at 25°C. A personal computer was used to control the system
and record resulting data.

PROCEDURES

Melons were removed from 4°C storage the night before
measurements were scheduled, washed with tap water to re-
move any dust or soil material, and permitted to equilibrate
to 24°C for the measurements. Initial permittivity measure-
ments on the honeydew and watermelons were made with the
probe in firm contact with the surface of the melon in the
equatorial region at four points about 90° apart around the pe-
rimeter of the melon. No surface measurements were made
on the cantaloupe because of their rough exterior surface.
Melons were supported and maintained in firm contact with
the probe with a laboratory jack, as shown in figure 1. Sam-
ples for measurements of the internal melon tissue were all
taken from an equatorial slice, about 4 cm thick, cut with a
sharp knife from the center of the melon perpendicular to the
proximal-to-distal axis. From this slice, three cylindrical core
samples were cut for the dielectric properties measurements
near the center of the slice for watermelons, avoiding the seed
bearing regions as shown in figure 2, and at three locations
for the cantaloupe and honeydew melons as shown in fig-
ure 3. Three more samples adjacent to the first samples were
taken for moisture content determination. Moisture contents
were determined by drying the triplicate samples in dispos-
able 57-mm aluminum weighing dishes that were placed in
a forced-air drying oven for 24 h at 70° C. Upon removal from
the oven, weighing dishes with samples were cooled in a des-
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Figure 1. Surface measurement of watermelon dielectric properties with
open-ended coaxial-line probe.

Figure 2. Equatorial slice of watermelon and location from which cylin-
drical tissue samples were cut.

Figure 3. Equatorial slice of honeydew melon and location from which cy-
lindrical tissue samples were cut.
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Figure 4. Internal tissue sample measurement with open-ended coaxial-
line probe.

iccator over anhydrous CaSOy, prior to reweighing for deter-
mination of moisture loss. Tissue moisture contents were cal-
culated as percent weight loss on a wet-weight basis, and
mean values of the three replicates were taken to represent
each melon.

Samples were cut from the equatorial melon slice with a
cylindrical cutter (Nelson, 2003) that provided right circular
cylindrical samples of 18.6-mm diameter and 3- to 4-cm
length. All permittivity measurements were taken at 24°C.
Samples were supported as shown in figure 4 on an aluminum
platform that was raised to bring the sample into firm contact
with the open-ended coaxial-line probe for the permittivity
measurements (Nelson, 2003). When that measurement was
completed, the sample was removed, turned end for end, and
reinserted for permittivity measurements on the other end of
the sample. Thus, six series of permittivity measurements
were made for each tissue sample at 51 frequencies from
200 MHz to 20 GHz to be averaged for each melon. The four
external surface measurements were also averaged in a simi-
lar way for the surface permittivity measurements.

Upon completion of the internal tissue permittivity mea-
surements, each sample was placed in a 30-mL (1-0z.) glass
jar with screw-on cap and held from a few minutes to a few
hours for soluble solids content determination. The measure-
ments for soluble solids were determined with an Atago Pal-
lete Series model PR101a digital refractometer. Melon tissue
samples were placed in a garlic press with cheesecloth
patches of several layers to strain the juice expelled for the
refractometer measurements. Five readings were taken for
each sample, and the composite soluble solids content deter-
mination for each melon was a mean of 15 readings.

RESULTS
SOLUBLE SOLIDS CONTENT AND MOISTURE CONTENT
Ranges of soluble solids content (SSC) and moisture con-
tent of the three melon types are shown in table 1. The SSC
and moisture content of the edible tissue of fresh melons are
well correlated. Moisture content decreases as SSC in-
creases. This high correlation has been noted for watermel-
ons (Nelson et al., 2007) and honeydew melons (Guo et al.,
2007). Results for the three melon types included in this study
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Table 1. Ranges of soluble solids content (SSC) and moisture content
measured for different cultivars of cantaloupe, honeydew
melons, and watermelons included in the study.

Melon No. of Moisture
Type Cultivar Melons SSC Content
Cantaloupe Ambrosia 12 8.5-12.7 86.6 -92.9
Athena 12 6.1-9.1 90.0 - 93.4
Carousel 12 7.1-121 86.9-92.2
Gourmet 7 9.7-11.1 87.6 - 89.4
Honeydew Earli Dew 16 75-14.1 85.2-91.9
Honey Brew 9 10.8-14.2  85.4-889
Rocio 18 7.8-11.2 87.4-92.2
Watermelon Smile 4 10.6 - 12.1 87.0 - 88.2
Sugar Baby 15 7.1-114 87.6 -91.0
Yellow Doll 9 10.1-12.0 86.6-89.4

are shown in figure 5, where the points for the cantaloupe,
honeydew, and watermelons are essentially superimposed.
The coefficient of determination for the linear regression of
the combined data was 0.92.

CANTALOUPE PERMITTIVITIES

Typical dielectric constant and loss factor values measured
for the internal tissues of Ambrosia cantaloupe are illustrated in
figure 6, where the error bars indicate plus and minus one stan-
dard deviation. Even though the two graphs represent melons
with substantial differences in SSC and moisture content, the
values of the dielectric constant and loss factor cannot be con-
sidered different for these two melons. Similar values were ob-
tained for other Ambrosia cantaloupe of different soluble solids
and moisture contents. One might expect the dielectric constant
to be higher for tissues of higher moisture contents, but the order
observed did not support this expectation in the range of mois-
ture contents measured in this study.

Results of similar measurements on the other three canta-
loupe cultivars are shown in figures 7, 8, and 9 for typical mea-
surements on these melons. Even though SSC and moisture
content differed considerably for those curves shown, the di-
electric properties are very similar, and in view of the typical
standard deviations shown in figure 6, no differences in permit-
tivities among the four cantaloupe cultivars are obvious.

HONEYDEW PERMITTIVITIES
Typical results for honeydew melons are illustrated in fig-
ures 10 through 13, where the dielectric properties obtained
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Figure 6. Measured permittivities for internal tissues of two Ambrosia
cantaloupe melons of indicated SSC and moisture content. Error bars
represent * one standard deviation for six replicated measurements.
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Figure 7. Measured permittivities for internal tissue of an Athena canta-
loupe of indicated SSC and moisture content.

for both the surface and internal measurements are shown.
Both the dielectric constant and loss factor have lower values
for the surface measurements than for those on the internal
tissue, but they exhibit similar trends with frequency. Slight
differences in some relative values may be evident between
the Earli Dew and Rocio cultivars, but taking into account
standard deviations for the measurements, as shown in fig-
ure 6, and differences among melons of the same cultivar,
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Figure 8. Measured permittivities for internal tissue of a Carousel canta-
loupe of indicated SSC and moisture content.
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Figure 9. Measured permittivities for internal tissue of a Gourmet canta-
loupe of indicated SSC and moisture content.
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Figure 10. Measured permittivities for an Earli Dew honeydew melon of
indicated SSC and moisture content, comparing dielectric properties
from surface measurements and internal tissue measurements.

these are not likely real differences. Again, no differences are
evident due to differences in soluble solids or moisture content.

WATERMELON PERMITTIVITIES
Results for measurements on watermelons are illustrated
in figures 14 through 17 for the Sugar Baby and Yellow Doll
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Figure 11. Measured permittivities for an Earli Dew honeydew melon of
indicated SSC and moisture content, comparing dielectric properties
from surface measurements and internal tissue measurements.
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Figure 12. Measured permittivities for a Rocio honeydew melon of indi-
cated SSC and moisture content, comparing dielectric properties from
surface measurements and internal tissue measurements.
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Figure 13. Measured permittivities for a Rocio honeydew melon of indi-
cated SSC and moisture content, comparing dielectric properties from
surface measurements and internal tissue measurements.

cultivars. The only differences evident in these figures are
those between the loss factors for the internal and surface
measurements on the two cultivars at the lowest frequencies.
However, these apparent differences are not likely significant
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Figure 14. Measured permittivities for a Sugar Baby watermelon of indi-
cated SSC and moisture content, comparing dielectric properties from
surface measurements and internal tissue measurements.
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Figure 15. Measured permittivities for a Sugar Baby watermelon of indi-
cated SSC and moisture content, comparing dielectric properties from
surface measurements and internal tissue measurements.
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Figure 16. Measured permittivities for a Yellow Doll watermelon of indi-
cated SSC and moisture content, comparing dielectric properties from
surface measurements and internal tissue measurements.

for the reasons already mentioned, and no differences are ob-
vious that might be useful in predicting soluble solids content
or moisture content from these kinds of measurements.
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Figure 17. Measured permittivities for a Yellow Doll watermelon of indi-
cated SSC and moisture content, comparing dielectric properties from
surface measurements and internal tissue measurements.

OBSERVATIONS

In all of the graphical data for the permittivity measurements
on the internal tissue samples, there appears a minor irregularity
between 2 and 3 or 4 GHz in the otherwise smooth curves for
the dielectric constant and the loss factor. One might suspect
some artifact in the measurement system. However, similar
measurements on water reveal no such irregularity (fig. 18).
When samples are too small, or when the losses are sufficiently
low, reflections within the sample can produce perturbations.
However, the irregularities noted are of minor significance here
and can likely be explained by the presence of a dielectric
relaxation that is otherwise masked by ionic conduction and
water dipole relaxation.

The relaxation frequency of pure liquid water at 19.3 GHz
for water at 25°C is clearly shown in figure 18. The high wa-
ter content in the melon tissues accounts for the similar di-
electric relaxation evident in the loss factor curves for all of
the melons shown in the other figures. The influence of dipo-
lar losses is evident in these curves at frequencies above
2 GHz, whereas the influence of ionic conduction is evident
at frequencies below about 1 GHz.

Taking into account the variation in dielectric properties
determined by repeated measurements on the same melon
(fig. 6) and the minor differences noted for measurements on
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Figure 18. Permittivity measurements on distilled water sample in stain-
less steel sample cup of 19 mm diameter and 19 mm depth.
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different melons of the same cultivar with widely differing
SSC and moisture content (figs. 10 and 11), no further need
for statistical analyses was indicated to discern differences in
SSC through measurements of dielectric properties of mel-
ons in the frequency range explored. In addition, moisture
contents of all of the melons were very high, 85% to 93%, and
sensitivity to moisture content through dielectric response is
rather low at such high moisture levels.

CONCLUSIONS

New data have been obtained and presented on the dielectric
properties of cantaloupe, honeydew melons, and watermelons
in the frequency range from 200 MHz to 20 GHz and on the sol-
uble solids content (SSC) and moisture content of these same
melons. A high correlation between SSC and moisture content
in the tissues of all three kinds of melons was found, with SSC
increasing linearly with decreasing moisture content of the edi-
ble tissues. Dielectric properties determined by measurements
on the external surface of the melons had lower values than
those for the internal tissues. Dielectric properties were similar
for all three melon types, and real differences were not noted in
the values of the dielectric constant or the dielectric loss factor
depending on the SSC or moisture content of the internal tissue.
Thus, no evidence was noted that dielectric properties in the 200
MHz to 20 GHz frequency range are likely to be useful for pre-
dicting the sweetness of the internal edible tissue of these mel-
ons. The influence of free water on the dielectric behavior of the
melon tissues is obvious when compared to the frequency de-
pendence of the dielectric constant and dielectric loss factor of
liquid water.
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