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Parameter Optimization of Black Tea Fermentation Machine
Based on RSM and BP — AdaBoost — GA
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(1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China
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Abstract: Fermentation is the key procedure in processing of congou black tea, which directly decides
the quality and flavor of tea products. Fermentation experiments were conducted on a novel drum-type
fermentation machine as the platform, the performance parameters of fermentation machine were clarified.
Methodologically, with dimensionless comprehensive scores as a measure of fermentation quality,
response surface methodology ( RSM) and back-propagation adaptive boosting based genetic algorithm
(BP — AdaBoost — GA) were used separately to optimize three parameters ( fermentation temperature x, ,
fermentation time x, , rotational interval x,) that affect fermentation quality. Also the optimizing effects of
RSM and BP — AdaBoost — GA were compared. Results showed that the importance degrees of the three
parameters ranked as x, >x, >x,. With RSM at x, =25°C, x, =150 min and x, =20 min, the predicted
and actual values of comprehensive scores were 0. 863 and 0. 856, respectively, showing relative error of
0.8% . With BP — AdaBoost — GA at x;, =27°C , x, =170 min and x, =25 min, the predicted and actual
values of comprehensive scores were 0. 871 and 0. 868, respectively, showing relative error of 0.3% .
When the BP — AdaBoost had seven nodes in the hidden layer and a prediction error threshold of 0. 25,
its determination coefficient was greater than that of RSM (0. 994 vs 0. 988 ) , and it had lower root mean
square error of prediction ( RMSEP) of 0.017 and residual predictive deviation ( RPD) equaled to
18.456. Both RSM and BP — AdaBoost — GA were feasible for optimization of fermentation parameters.

However, the fitting ability of RSM was limited because it was based on quadratic polynomial regression,
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while the fitting ability over experimental data was limited. The algorithm combining improved neural

network and GA had higher global extremum prediction ability and higher accuracy. Thus, it can be

concluded that even though RSM was the most widely used method for fermentation parameter

optimization, BP — AdaBoost — GA methodology may present a better alternative. In the meantime, the

rotation function had both advantages and disadvantages on the fermentation quality of black tea,

moderate rotation and mixing material can enhance the quality of black tea and shorten the fermentation

time.

Key words: black tea fermentation; parameter optimization; AdaBoost algorithm; genetic algorithm
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Tab.2 Design scheme and response values

e X, v, 1, i) 3 (i RSM BP — AdaBoost

Y, Y, Y, Y T A

1 -1 -1 -1 0. 84 1. 00 0. 40 0.769 0.783 0.772

2 1 -1 -1 0.23 0 0 0.114 0.118 0.115

3 -1 1 -1 0.32 0.79 0.48 0. 476 0. 497 0. 505

4 1 1 -1 0 0.10 0.21 0. 077 0. 089 0.079

5 -1 -1 1 0.55 0.93 0.74 0. 694 0. 692 0. 690

6 1 -1 1 0.42 0.55 0.42 0. 452 0. 440 0. 459

7 -1 1 1 0.59 0.28 1. 00 0.614 0. 619 0. 620

8 1 1 1 0.35 0.03 0. 60 0.337 0.332 0.341

9 -1 0 0 1. 00 0. 69 0.53 0. 805 0. 769 0.795

10 1 0 0 0.46 0.17 0.37 0. 367 0.367 0.358

11 0 -1 0 0.58 0.41 0. 47 0.511 0.516 0. 504

12 0 1 0 0.54 0.21 0.38 0.416 0.391 0.411

13 0 0 -1 0.16 0.48 0.43 0. 309 0.258 0.332

14 0 0 1 0.28 0.41 0.59 0.392 0. 406 0. 388

15 0 0 0 0.52 0.21 0.50 0. 437 0. 454 0. 439

16 0 0 0 0.50 0.17 0.52 0. 423 0.454 0. 445

17 0 0 0 0.51 0.21 0.55 0. 445 0.454 0.441

T £5) 75 M 5% 22 0. 020 0.017
R? 0.988 0.994
AR 53 A 158 2 9.577 18. 456
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Tab.3 Variance analysis result of response surface model
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Tab.4 Comparison of optimized fermentation conditions between RSM and BP — AdaBoost - GA
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Fig.7 Changing trend of physical and chemical qualities and sensory scores during fermentation
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