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Acoustic Characteristics of Watermelon for Internal
Quality Evaluation
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ABSTRACT

The objectives of the study were to analyze the acoustic characteristics related to the internal quality factors
of watermelon(Citrulus Vulgaris Schrad). Among the various internal quality factors, only four factors such as
ripeness, inside cavity, yellow belt and blood flesh were considered in this study. Relationships between the
intemal quality factors, the day after fruit set and the day after harvest were also investigated.

Test apparatus was the same as the apparatus described in the previous study(Choi et al, 2000). The
selected sample was divided into four groups; 69 samples used for ripeness test, 56 samples for ripeness test
along the day after fruit set and for yellow belt detection, 60 samples for ripeness along the day after
harvest, 44 samples for blood flesh detection.

It was shown that the first peak frequencies shifted to the lower range and the energy ratios of the
bandwidths between 0~550 Hz to the bandwidths between 850~2500 Hz increased as the day after fruit set
elapsed. Since the acoustic responses of the watermelon such as frequency and magnitude began to change
from 10 days after harvest, the storage period of watermelon in a normal temperature condition seemed to be
approximately 10 days after harvest.

The ratios of the first peak amplitude to the maximum peak amplitude for the sound watermelon showed
the higher value than that for watermelon with cavity inside, and the separation between the sound and cavity
inside could be accomplished by the ratio value of 0.25. The energy ratios (0~550 Hz/850~2,500 Hz) for
the watermelon with cavity inside showed the higher value than 2.3. The frequency characteristics of the
yellow belt watermelon appeared mostly in the range of 600~900 Hz frequencies. The yellow belt watermelon
showing the energy spectral density function at this frequency range to be over 70 seemed to be not a
marketable commodity. The energy ratios(0~550 Hz/850~2,500 Hz) for the blood flesh watermelon showed the
higher value than 3.5.

Keywords : Watermelon, Acoustic characteristics, Ripeness, Internal qualities.
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Table 1. Physical properties of watermelons used in the study

. Date Diameter Mass Density Volume |Sugar content
Producing Grade
district ol | harvest (m) ke) | (x10kg/m®) | (x10°m") | (Brix %)
Buvo unripe | 97.5.22 | 97.6.5 [0.147~0.194|1.64~3.88[1.102~1.491 | 1.10~3.52 | 4.5~73
Y ripe | 97.420 | 97.6.5 |0.193~0.258(3.91~8.12[0.909~1.076| 3.70~8.93 | 7.8~11.1
unripe | 98.8.24 | 98.9.26 |0.194~0.225]4.35~7.70(0.918~1.232| 4.10~8.05 | 83~104
Yeosan ripe | 98.8.13 | 98.8.13 |0.210~0.275|5.95~8.80|0.870~0.993 | 6.10~9.25 | 9.8~12.7
‘é‘:;?fy' 98.8.13 | 98.9.26 {0.210~0.228 | 5.90~6.75|0.862~0.915| 6.45~7.60 | 9.8~10.6
unripe | 98.7.24 | 98.8.20 |0.153~0.210{2.05~5.55[0.803~0.965| 2.25~6.60 | 4.4~106
Namyang |__fipe [ 98.7.11 | 98820 [0.213~0.250]5.70~9.30/0.899~0.952]6.05~ 10.05| 8.6~11.2
‘;’:‘;‘ftey 98.7.11 | 98.8.20 | 0.210~0.228 | 5.90~6.75|0.862~0.915 | 6.45~7.60 | 9.9~10.6
unripe | 99.6.25 | 99.9.26 [0.213~0.268 [4.42~11.3(0.918~0.994| 4.55~12.3 | 7.6~12.0
ripe | 99.6.25 | 99.8.7 |0.234~0.291|6.00~12.0(0.945~0.967] 6.15~12.5 | 9.6~13.0
Goch overripe | 99.6.25 | 99.8.12 |0.220~0.279|6.35~12.9{0.941~0.985 | 6.60~133 | 92~13.4
ochang
‘;{g;’g 99.7. 2 | 99.8.12 |0.211~0.270|6.20~11.5[0.935~1.024 | 630~12.4 | 9.6~12.4
‘é‘:“,‘l’fy 99.6.25 | 99.8.12 |0.229~0.279|6.90~11.7|0.908 ~0.963 | 7.50~13.5 | 10.6~13.8
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Fig. 1 Frequency characteristics according
to degree of ripeness.
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Table 2. Change of peak frequencies and its magnitude after harvest

WEEd e A% 299
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Frequency(Hz) at the days after Magnitude of peak frequencies at the days
Material ﬁe}(;izlrcxcy harvest after harvest
1 5 10 15 1 5 10 15
fi 146.48 | 141.60 | 136.72 | 136.72 | 0.0054] 0.00515 | 0.00348 | 0.00092
f 205.08 | 200.20 | 200.20 | 195.31 | 0.02731 0.01959 0.02665 0.00275
A f; 258.79 | 253.91 | 258.79 | 253.91 | 0.06397 | 0.04722 | 0.05295 | 0.00548
fs 317.38 | 307.62 | 321.50 | 302.73 | 0.02871 | 0.02527 | 0.03770 | 0.00170
fs 380.86 | 37598 | 385.74 | 380.86 | 0.05804 | 0.03633 | 0.08132 | 0.00585
fi 146.48 | 136.72 | 131.84 | 117.19 | 0.00661 0.00226 0.00416 0.00087
f 205.08 | 200.20 | 195.31 | 190.43 | 0.02323 | 0.01219 | 0.02460 | 0.00295
B fa 253.91 | 249.02 | 249.02 | 249.02 | 0.06384 | 0.03874 | 0.05611 | 0.00897
f4 312.50 | 307.62 | 307.62 | 307.62 | 0.08642 | 0.04606 | 0.06423 | 0.00808
fs 380.86 | 371.09 | 371.09 | 366.21 | 0.11279 | 0.05336 | 0.10738 | 0.01098
fi 141.60 | 141.60 | 141.60 | 122.07 | 0.00906 | 0.00379 | 0.00759 | 0.00112
f 205.08 | 200.20 | 205.08 | 200.20 | 0.01770 0.02448 0.04830 0.00526
C f3 268.56 | 268.56 | 263.67 | 263.67 | 0.05422 | 0.06460 | 0.16268 | 0.01142
fa 327.15 | 332.03 | 327.15 | 322.27 | 0.04183 | 0.05721 | 0.10922 | 0.01048
fs 415.04 | 410.16 | 410.16 | 400.39 | 0.01374 | 0.01815 | 0.06252 | 0.00468
fi 144.85 | 139.97 | 136.72 | 12533 | 0.00703 0.00373 0.00508 0.00097
f 205.08 | 200.20 | 200.20 | 195.31 | 0.02275 0.01875 0.03318 0.00365
Average f; 260.42 | 257.16 | 257.16 | 255.53 | 0.06068 { 0.05019 | 0.05725 | 0.00833
fy 319.01 | 31576 | 318.56 | 310.87 | 0.05232 0.04285 0.07038 0.00675
f 392.25 | 385.74 | 389.00 | 382.49 | 0.06152 | 0.03595 | 0.08374 | 0.00717

FRAE I ol ¥l A AFI o= o)Fd
T A2 E debgrh

saFsee Ad B IYRE G2 HAE F
g ¥ A wa gadte APoldey &
2914 HE vieh 7ol £ F 10449 IV
E e #A3Fos ZFAM Frrsidt 159A
e oA Hidhe A2 dehdo. ols 2ol
WIUFE ol BadE AP F5HIE 5
Fge BEsp gotyozA e 7t
= o £ F 10449
Foe R IURE e WA
A A2 FEHE B ok 104 3
Fd 2 W3l #5428 + A
a9 39
F8a

Amplitude(V)

Magnituderelative}

o N r @

Frequency(Hz)

Fig. 3 The acoustic signals and their fre-
quency spectra with the lapse of
days after harvest.
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Fig. 4 The acoustic signals and their fre-

quency spectra of the watermelon

with inside-cavity.
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Fig. 5 The ratio of first peak amplitude to
maximum peak amplitude in time
domain for the sound watermelon
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Fig. 7 The acoustic signals and their fre-
quency spectra of watermelons with
small yellow belt(a) and big yellow
belt(b).
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