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Abstract

Dielectric constant (€) and loss factor (€") of cocoa beans were measured at 25°C~150°C uing the open-ended coaxial
probe technique at 915 and 2450 MHz. Moisture content of each sample was adjusted to 4.3210.14% before the
experiment. Below 100°C dielectric constants of cocoa bean were 2~6 at 915 MHz and 2~3.3 at 2450 MHz, respec-
tively. Loss factors ranged 0.4~1.5 at 915 MHz and 0.005~0.08 at 2450 MHz, respectively. Above 100°C, dielectric
constants were 0.8~7 at 915 MHz and 0.1~0.7 at 2450 MHz, respectively. Dielectric constants were dependent upon
temperature below 100°C; however, loss factors were independent except those at 35°C and 915 MHz. Dielectric con-
stants decreased as temperature was increased, but loss factors increased at certain temperature ranges above 100°C
The dielectric properties of cocoa beans seemed to be related with the properties of cocoa butter. Especially, Loss fac-
tor of cocoa beans at 2450 MHz was similar to that of vegetable oil (€' <0.1). Penetration depth calculated based on

dielectric properties increased above 130°C.
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Table 1. Dielectric properties of cocoa beans at various temperatures

PeT:aTu;e Densitay cp” 915 MHz 2450 MHz
coy (kem) (d/kgK) e® g dp” (m) g g" dp (m)
25 1.5144 3.766410.2248 0.467540.0455 0.4302+0.0309 2.7653+0.1073 0.0839+0.0059 0.829310.0581
35 8.4393 6.277310.2648  1.54610.5067 0.179740.0554 3.0329+0.1278 0.05771+0.0196 1.4389+0.1528
40 0.6823 2.379310.1310 0.5433+0.0251 0.294740.0212 2.914310.2941 0.0287510.0155 1.414310.2393
60 0.3620 2.1935+0.4745 0.55024£0.0415 0.27831£0.0087 3.010710.1152  0.0249+0.001 2.425240.5255
80 0.8495 0.6354 4.015510.1500 0.449310.0378 0.4622+0.0345 3.281410.1186 0.0058+0.0017 11.344413.8457
110 1.5375 6.6893+0.0622 2.789410.0546  0.09840.0022 4.923040.1112  0.2259+0.008 0.385310.0093
120 1.9085 5.84251+0.2901 1.043710.0128 0.239540.0088 4. 1625‘.1:0.5624 0.157310.0122 0.36931+0.0178
130 23424 7.899410.8032 1.177610.0602 0.24740.025 5.3178+0.0468 0.13311£0.0069  0.680410.032
140 2.7320 3.9542:!:0.0706 1.58810.0526 0.131530.0031 2.171510.0884 0.7760+0.1949 0.077840.0175
150 2.9299 0.886010.2348 5.417540.6565 0.03411+0.0031 1.307110.0219 0.4862+0.0385 0.0915:0.0098
" Specific heat.
Dielectric constant ().
¥ Loss factor (€").
“Penentration depth.
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Fig. 1. Dielectric constant (¢") of cocoa beans at 915 and
2450 MHz as a function of temperature below 100°C.
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Fig. 2. Loss factor (¢") of cocoa beans at 915 and 2450 MHz
as a function of temperature below 100°C.
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Fig. 3. Dielectric constant (") of cocoa beans at 915 and
2450 MHz as a function of temperature above 100°C.
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Fig. 4. Loss factor (¢"") of cocoa beans at 915 and 2450
MHz as a function of temperature above 100°C.
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Fig. 5. Penetration depth of cocoa beans at 915 and 2450
MHz as a function of temperature below 100°C.
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Fig. 6. Penetration depth of cocoa beans at 915 and 2450
MHz as a function of temperature above 100°C.
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