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Optimization of drying process for Lentinus edodes by combing heat
pump with vacuum

CHENG Hui, JI Changying, ZHANG Bo, JIANG Sijie
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract: [Objective] To reduce the cost of processing, and obtain high quality dried Lentinus edodes.

[ Method] On the basis of single-factor experiment, Box-Behnken Design (BBD) was used to study the effects
of heat pump temperature(4), vacuum degree(B) and conversion point moisture content(C) on unit energy
consumption, sense judgment, rehydration ratio and hardness. We deduced a multinomial regression model,
optimized the combined drying technology and compared with single heat pump drying and single vacuum
drying. [Result] The optimal parameters were obtained as follows: The heat pump temperature was 49 C, the
vacuum degree was 110 Pa, and the conversion point moisture content was 56%. Under these conditions, the
tested unit energy consumption was 345.01 kJ-g™', the sense judgment was 8.3, the rehydration ratio was 2.72,
and the hardness was 3.61 N, which were close to the predicted values. The relative errors were 0.19%, 3.61%,
1.47% and 1.66% respectively. The unit energy consumption of combined drying was 37.69% less than that of
vacuum drying and higher than that of heat pump drying. The sense judgment and rehydration ratio of combined
drying were close to those of single vacuum drying and higher than those of heat pump drying. The hardness
was slightly larger than that of vacuum drying and less than that of heat pump drying. [ Conclusion] The
method combining heat pump drying and vacuum drying obtained dried L. edodes with low energy consumption

and good quality. It solves the poor quality in heat pump drying and high energy consumption in vacuum drying.
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This study can provide a theoretical basis for heat pump-vacuum combined drying of L. edodes.

Key words: Lentinus edodes; unit energy consumption; heat pump drying; vacuum drying; combined drying;

optimization
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Fig.1 The influences of heat pump temperature on unit energy consumption, sensory score, rehydration ratio and hardness

of Lentinus edodes
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Fig.2 The influences of vacuum degree on unit energy consumption, sensory score, rehydration ratio and hardness of

Lentinus edodes
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Table 3 Experimental design and result

Ops/C J 1 Pa %%ﬁ@k%(@/% R ¢ ) REWT  HK tl; RN
5 Heat pump Conversion point . . Sensory  Rehydration
No. temperature Vacuum degree moisture content Unit energy consumption score ratio Hardness
®) () (Ye)
A) © (12) (¥3)
1 50 100 55 333.54 7.7 2.59 3.62
2 50 90 60 356.09 8.1 2.70 3.34
3 45 100 60 375.56 8.3 2.84 3.27
4 50 100 55 330.68 7.7 2.62 3.63
5 50 100 55 336.35 7.8 2.58 3.62
6 55 90 55 329.19 7.3 2.50 3.74
7 55 110 55 336.17 7.5 2.54 3.70
8 45 90 55 343.52 7.6 2.65 3.69
9 50 110 50 320.37 7.1 2.57 3.79
10 50 100 55 337.21 7.9 2.61 3.64
11 50 110 60 365.84 8.5 2.76 3.31
12 55 100 50 315.88 7.0 241 3.86
13 45 110 55 350.33 7.9 2.67 3.63
14 45 100 50 343.81 7.5 2.56 3.75
15 50 90 50 321.55 7.3 2.42 3.82
16 50 100 55 330.62 7.8 2.60 3.65
17 55 100 60 358.85 8.0 2.61 3.39
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Table 4 The regression equation of single index and analysis result
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JEE PS> Sensory score(Y,)  ¥o=7.71-0.19X,+0.088X,+0.50.X; 38.03 <0.0001 3.79  0.1060 0.8977
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Table 5 The optimization result of index regression equation

TZ3HMnA s

Optimized combination of technology parameters

RS

Optimized result

5 B Oyl C RAfE/Pa FeHui SRy RAUIRRKI¢) BRI SUKE L o
Item Heat pump Vacuum Conversion point Unit energy Sensory Rehydration Hardness
temperature degree moisture content consumption score ratio A
(A) (B) © (1) (12) (¥3)
LEE (LA 54.35 90.00 50.00 316.31
Single index
45.00 110.00 60.00 8.5
45.00 110.00 60.00 2.84
46.01 104.37 60.00 3.28
ZRERIR 49.26 110.00 56.48 344.35 8.0 2.68 3.55

Comprehensive index
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Table 6 Comparison of different drying methods

s FAALREFRE /(g ) EREVE K T /N
7 . . . .
) Unit energy consumption Sensory score Rehydration ratio Hardness
Drying method
¥y (r2) (Y3 (Yy)
METR 289.22+2.92a 6.4+0.05a 1.45+0.02a 4.50+0.03¢
Heat pump drying
HAE T 553.67+2.59¢ 8.5+0.82c¢ 2.62:+0.03b 3.21+0.03a
Vacuum drying
A T4 345.01+1.63b 8.3+0.47b 2.72+0.02b 3.61£0.03b
Combined drying

1) R 2| #4669 R R ) B 4 & & £ 51 % % (P<0.05, Duncan’s %)

1) Different lowercase letters in the same column indicated significant difference (P<0.05, Duncan’s test)
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