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Optimization of drying process for Lentinus edodes by combing heat
pump with vacuum
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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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Table 2 Evaluation standard of Lentinus edodes sensory quality

W i e AR i
Score Thickness Color Quality Aroma
8~10  WAHNY— W, BEHsS WRERE, A& ddd

4~8 AN AT —
0~4 WANTEAY), HHEGE

W, BN
W, GEAY

LEERAR, RN
WK%, I8 A M aEE i, URAE
WITTRLER, TOME, B aha AR, ARk

1.3.5 AE B (TMS—PRO B, SEE &
FEPERT ST R WU FTC) % B N TPA I &&=, Wl
HOAIIN J5 3 8 mmes™, P& KPR 258 20 mm,
MAECE EE N 2 mmes™s BRI 10 ¢k, &K (8] B ]
N5 s RVPIIE, 19 FRAR
1.4 HIELE

iz F Excel. Spss 1 Design-Expert.8.05b # {4

s 500r A g
= C
T; £400 § T b .
2 Z 300] §
3 8 N\
E %3200 L §
#2100+
0730 0 50 60
05/ C
Heat pump temperature
10 C
¢ b
o 5 N I
K3 6} §
{ELE[ 3 at \
ied é \
NN
. \
30 40 60

05/ C
Heat pump temperature

X 7 s AR~ B TR I B 3T 0 A

2 ER597h

21 BEZERAE

2.1.1 RRAHRBENEFFBRZARGHm B

R 1 ARG S R & 1 fros. B 1T UE
tH, PR 30 °C I E] 60 C, FALREFERE

35r 8 d
o 30t b .
g 25t \
= ‘3 15¢ §
S 1.0 §
a 051 §
0 30 40 5 60
Oy5/ C
Heat punf; temperature
5- D . d
4t a b
23t \
® Saf \
\
L
0 30 40 50 60

05/ C
Heat pump temperature

B, HET LD AN RVNG 7R R OR 72 5 ik 3 (P<0.05, Duncan’s )

In each figure, different lowercase letters on the bars indicated significant difference (P<0.05, Duncan’s test)
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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



128 TR R R 22254 (http://xuebao.scau.edu.cn/zr)

40 5

K EE 5 2 B AIS, VT R I, BT R . IR
o, A A BRI, LT R 5
P&, WAE 60 C B, &R EIES FIE KT
B, I EL3B 3 7= it K] it A1 AR =l Pl 2 e 2 175 H 344
A, AR EREYE, FEEE B, REAE. x5
Jayaraman SFPI G50 AH 7T, HB TR IUAE T8
T, SR TRl P 0 8 ) 1 1 A A T R K P RE DR S
KR 50 °C BB RALREFES 60 C AR,
1M H Al 3 T4 A5 B AR T )5 #, Rk $ 50 C
PERNFIEIR L 0 /K.

212 ARAZEENAETFRARGYH  BH
R 2 HRAGERWE 2 fioc. HE 2 ATLUEH,

o 4500 A,
2 400 - a
£ 350
300 +
250 +
200
150 |
100 |
50+
0

BALREFE/(KT-g )
Unit energy consumptio

HKE

50 75 100
HAJE/Pa

Vacuum degree

[}
o
[>n

RE VRS
Sensory score
N @ o
S
1)

A,
wn O W
T

50 75 100 125
HA ) /Pa

Vacuum degree

B FE M 50 Pa BEHNF] 100 Pa, BN AERE T [, (HIG
INE] 125 Pa B, TGN AR/, S50 T4
W, R T KRR, S EURALRERE R LTt
B 5 3 BEINOK, SR VR A AR K EL R, BT
B (B EN 75 Pa i), JLAHE 5 50 A1 100 Pa B G
BEFZERE, HE 50 1100 Pa 2 7] 2 7 5. 3), iX
ST REN SR TR, ZREEWD, RET
T o (AR S, & i 15 T R AL 2 fL I 45
FRY, AR E AN 125 Pa I HECE R 1 H K
Vb f v, B /DN, {H I BT B RE N A 9T B e 5 R
Fabr, RIEIEFE 100 Pa fENE A ER 0 KFS

40r B ¢
o 35r
2301 a b
S25F @
=}
=201
S 15
S1of
0.5r
0
50 75 100 125
K7 % /Pa
Vacuum degree
5rD
c b
4l bc
- a
Z 83t
&3
B=or
1 -
0
50 75 100 125
K7 % /Pa

Vacuum degree

H BT, T ETTAENES T REOR ZE 5 3 (P<0.05, Duncan’s i)
In each figure, different lowercase letters on the bars indicated significant difference (P<0.05, Duncan’s test)
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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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Fig.3 The influences of conversion point moisture content on unit energy consumption, sensory score, rehydration ratio
and hardness of Lentinus edodes
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Table 3 Experimental design and result

Ozl C s TESEREONG 0 BERE EAE
75 Heat pump Conversion point ) . Sensory  Rehydration
Vacuum degree ) Unit energy consumption . Hardness
No. temperature B) moisture content ) score ratio 7))
(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 2.76 331
12 55 100 50 315.88 7.0 2.41 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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BB 143 Sensory score(Y5) Y,=7.71-0.19X,+0.088X,+0.50.X; 38.03 <0.0001 3.79 0.1060 0.8977
527K It Rehydration ratio(Y;)  ¥3=2.60—0.082.X,+0.034X,+0.12.; 7742 <0.0001 3.94  0.0997 0.9470
fifi ¥ Hardness(Y,) Y,=3.63+0.044X,-0.020X,-0.24X;+0.005X,. X5+ 167.40 <0.0001 3.38  0.1349 0.9954

0.002 5.X,X5+0.030X,>+0.028X,~0.095.X;”

1) X2 04 5/°C s Xo: B2 JE/Pa; Xy 35348 547K FE W)/%

1) X;: Heat pump temperature; X,: Vacuum degree; X3: Conversion point moisture content
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Table S The optimization result of index regression equation

TS

Optimized combination of technology parameters

(REAZES

Optimized result

WH O/ C BAEPa HHEAIKEWY Y% RARERE/(T-g) EEIFS BKI BN
Item Heat pump Vacuum Conversion point Unit energy Sensory Rehydration Hardness
temperature degree moisture content consumption score ratio )
(A) (B) ) (12) (¥3)
LEE L 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
LR TRbR 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

o BALRERE /(KJ-g ) RE K TR /N
FHIT . . . .
) Unit energy consumption Sensory score Rehydration ratio Hardness
Drying method
() (Y2) (Y3) (Ya)
AT 1R 289.2242.92a 6.4+0.05a 1.45+0.02a 4.50£0.03¢
Heat pump drying
KT 553.67+2.59¢ 8.5+0.82¢c 2.62+0.03b 3.2120.03a
Vacuum drying
BRE T4 345.01+1.63b 8.3+0.47b 2.72+0.02b 3.61+0.03b
Combined drying

1) Rl %) 348 & 49 R Rl N5 FH k& £ 23 (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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