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Development of Simple Density Measurement System
for Watermelons
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ABSTRACT

Density is a physical property which contains information relating to the internal quality of fruits and vegetables, and
can be used as an index for nondestructive quality evaluation. Density sorting has been employed by farmers for some
agricultural products since ancient times.

In this study, an automatic density measuring system based on the platform scale or water displacement method was
developed for density sorting of watermelon. It consisted of water tank, load cell, net tray, electric motor, limit switch,
control system and its program. The resolution of density was 0.001 g/em’. In order to calibrate and evaluate the
accuracy, the density was measured using a balloon kept in cold water. It showed 1.002 g/em’® which almost correspond
to real density of water. Test results with 6 watermelons and 3 replications showed that the standard deviations of the
density were 0.001~0.004 g/emy’.

The relationship between density and internal quality of watermelon was investigated using the system. The densities of
hollow watermelons were less than 0.950 g/em’, it was apparent that the density of the watermelon was related to the
degree of hollowness. But the soluble solid contents and internal defects could not be estimated from the density.

Keywords : Watermelon, Density, Nondestructive, Quality evaluation.
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Fig. 1 Schematic diagram and picture of the prototype.
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Replications Manual System
1 0.992 0.970
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Standard deviation 0.011 0.003
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Table 1 Comparisons of watermelon density between replication measurements
Unit : g/em’
Replications Watermelon 1 | Watermelon 2 | Watermelon 3 | Watermelon 4 | Watermelon 5 | Watermelon 6
1 0.964 0.966 0.967 0.973 0.972 0.955
2 0.962 0.965 0.967 0.977 0.977 0.955
0.956 0.962 0.969 0.975 0.974 0.958
Average 0.961 0.965 0.968 0.975 0.974 0.956
Standard deviation (0.004) (0.002) (0.001) (0.002) (0.003) (0.002)
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Table 3 Result of density measurement by the system and manual method

Replications Manual System Replications Manual System
1 0.999 0.965 19 0.960 0.941
2 0.997 0.984 20 0.948 0.936
3 0972 0.958 21 0.949 0.942
4 0.975 0.970 22 0.977 0.953
5 0.880 0.890 23 0.994 0.965
6 0.966 0.953 24 0.965 0.920
7 0.984 0.964 25 1.022 0.972
8 0.937 0.933 26 0.960 0.958
9 0.944 0.942 27 0.980 0.959
10 0.986 0.971 28 0.995 0.982
11 0.956 0.945 29 0.967 0.959
12 0.974 0.939 30 1.005 0.970
13 0.975 0.948 31 0.9% 0.975
14 0.994 0.953 32 0.956 0.937
15 1.001 0.960 33 0.982 0.953
16 0.936 0.933 34 1.020 0.970
17 0.958 0.948 35 0.956 0.946
18 0.981 0.948
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Fig. 4 Results of density measurement by the
system and manual method.
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Table 4 External and internal quality of watermelon samples

Ttems W(i;g)ht V(‘(’:l;“})’e ]z;‘c‘fr‘l?)’ sscl | ssc2 | ssc3 | ssca | sscs A;"Srége
Min. 115 1254 0917 39 | 38 49 25 36 44
Max. 785 8063 1160 | 113 | 103 | 116 114 109 107
Ave. 465 4143 0979 75 | 73 8.5 75 77 77
Var. 2.85 0.001 36 | 29 3.0 55 46 34

SSC1~SSC5 : Soluble solids contents measured by the refractometer method by taking samples of melon flesh from five points in
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Table 5 External and internal quality of sample watermelons for heading days

Treatment Weight Volume Density Sugar content
DAH 48 5.59 5.67b 0.985ab 10.33a*
42 6.68a 6.86a 0.972bc 10.38a
39 6.12ab 6.18b 0.981ab 9.93ab
35 4.56c 4.52¢ 1.005a 9.35b
29 - - - 8.44c
23 3.56d 3.66d 0.977abc 7.06d
20 2.83¢ 2.97e 0.953¢ 6.20e
F-value 50.27 43.89 3.62 41.08
P-value 0.0001 0.0001 0.0065 0.0001

DAH : Day After Heading.
* Averages followed by the same letter are not significantly different at 95% confidence level using Duncan's Multiple Range Test.
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