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Study on optimization of microwave roasting process and

fracture force relationship of Arabica coffee
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Abstract; With the power density. roasting time, spinning speed
of roller and wind speed of microwave as the experimental
factors, and the bulk density and roasting color value of coffee
beans as the indexes for evaluation, the single factor test and the
four-factor four-level (4*) orthogonal test were conducted. It was

shown by the results of optimization that the optimal technology
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parameters were: the microwave power density 8 W/g, the
roasting time 12 min, the speed of roller 70 r/min, and the wind
speed 1.5 m/s. Through experiments, it was confirmed that the
bulk density of microwave roasted coffee beans under the opti-
mized technology parameters was 0.286 g/mL, and the baking
color value was 32.1. Moreover, with the degree of roasting being
dark, no coking occurred in coffee beans and the quality was
good. The prediction model of fracture force for coffee bean was
obtained by regression fitting, with the determination coefficeint
of 0.998 after cerrection, good model fitting, and there is obvious
relationship of quadratic regression between fracture force F,
bulk density b, and roasting chromatic value C.

Keywords: Arabica coffee; microwave roasting; process optimiza-

tion; fracture force
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Figure 1 Schematic diagram of the microwave hot-air

coupled baking device
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Table 1 Range of roasting chromaticity values and

corresponding roasting degree
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Figure 2 Results of microwave power density

single factor test
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Figure 3 Results of roller speed single factor test
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Figure 4 Results of roasting time single factor test
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Figure 5 Results of wind speed single factor test
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Table 3 Orthogonal test results and range analysis table
XI5 A B C D E e MR OE 51T
1 1 1 1 1 2 0.412 78.2 1.00
2 1 2 2 2 2 0.391 67.6 0.83
3 1 3 3 3 3 0.382 68.3 0.81
4 1 4 4 4 3 0.371 64.8 0.74
) 2 1 2 3 4 0.365 65.9 0.73
6 2 2 1 4 4 0.314 50.7 0.42
7 2 3 4 1 1 0.319 51.6 0.44
8 2 4 3 2 1 0.334 52.2 0.50
9 3 1 3 4 3 0.297 41.7 0.28
10 3 2 4 3 3 0.286 33.5 0.17
11 3 3 1 2 2 0.347 57.2 0.59
12 3 4 2 1 2 0.298 36.5 0.24
13 4 1 4 2 1 0.298 41.5 0.28
14 4 2 3 1 1 0.269 22.1 0.01
15 4 3 2 4 4 0.267 24.5 0.02
16 4 4 1 3 4 0.290 31.7 0.16
""" ko 084 057 054 o4 031
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Table 4 Test results of microwave-roasted small coffee frustrature force

- HERE HEBUVER BE o1,/ WF Sy F/N
BEfH C (g»mL™ 1) 1 2 3 4 5 FHE
1 83.4 0.490 84.0 81.0 82.3 106.2 96.2 89.94
2 82.4 0.420 63.8 60.5 63.0 53.3 60.5 60.22
3 78.2 0.412 60.0 60.0 67.2 60.5 60.9 61.72
4 71.0 0.425 51.6 65.5 55.8 56.3 69.3 59.70
5 68.3 0.382 57.9 53.7 49.5 42.0 44.9 49.60
6 64.8 0.371 45.3 45.8 51.6 51.2 36.5 46.08
7 57.2 0.347 48.3 43.7 39.5 38.2 54.2 44,78
8 53.0 0.334 40.7 42.4 34.9 46.2 45.8 42.00
9 51.6 0.319 37.8 36.1 39.0 45.3 34.0 38.44
10 49.0 0.355 37.8 38.6 38.6 31.1 35.7 36.36
11 41.5 0.305 36.1 32.8 27.7 28.6 42.0 33.44
12 36.5 0.298 31.9 27.7 32.3 30.7 34.4 31.40
13 31.7 0.290 34.0 24.8 35.3 33.2 26.5 30.76
14 28.1 0.308 26.0 26.0 24.4 26.0 24.4 25.36
15 24.5 0.267 21.4 26.0 21.8 23.5 23.5 23.24
16 16.7 0.252 19.7 22.7 19.3 20.6 18.5 20.16
x5 HERAERFTEHHF
Table 5 Variance analysis of regression model
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il 4 5 304.56 1326.14 323.53 <20.000 1 % %
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on XC 1 962.91 962.91 13.57 0.406 0
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ob 1 531.58 531.58 46.90 <20.000 1 * %
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