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Abstract: The hot-air drying characteristics of Pleurotus eryngii were studied in terms of different hot-air temperatures, air velocities,
material size and accumulation layers of material, meanwhile a‘hot-air drying mathematical model was established. The test showed that these
factors significantly affected the hot-air drying characteristics. Increasing the air temperature and velocity, or lowering size material, single
accumulation layer could fasten the drying speed and shorten drying time of Pleurotus eryngii. The speed of a hot-air drying would be faster a
air temperature of 80 C with the material size of 1 cm ><1 cm, or single accumulation layer. When air velocity was 1.5 m/s, the drying speed
increased as the drying time was shorted. The experimental drying data of Pleurotus eryngii was used to fit five available drying models by
applying Matlab 7.0 and using Gauss-Newton algorithm, and the coefficients of models were determined by non-linear regression analysis. It
was showed that Two-term model had higher correction coefficient (R2), lower square sum of error value (SSE) and root mean square error value
(RMSE), which could exactly describe and predict the moisture dy namics of Pleurotus eryngii during hot-air drying process.
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Fig.1 Schematic diagram of the experimental hot air drying
apparatus
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Table 1 Arrangement of hot-airdrying experiment for Pleurotus

eryngii

S B5 RBEE O RBARFE B &4+

1 60°C Ri%/1.2 mfs
$—m 2 RARE 70°C #H @R T 1.5cm=1.5cm

3 80°C ¥ 2 (500 Q)

4 0.8 m/s HR B E 70°C
%M 5 %S 1.2m/s  #H&ERT 1.5cmx1.5cm

6 1.5 m/s ¥ 2 (500 @)
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FEF 8L gy L5emxdsem  HIURR T0C
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TRIG RIZR Sk P A2 8 7 KR A S 2
fih bo SRERHETHUI) ferms RS2 1.5 mis, 8 v LUIA
90 CLA L, fn#AIhaR 5H dE M A KU A 2% . 7E
FRLeH, HER 80 CLL LR, HEARTEEEZRL,
TR R A, AR AR, SRR E,
AR 22, T H24 IR EL 80 “C LA L, #5 K &/ INe (4
B 1.2 m/s KUELLR ), 1RZS 5 5 SUBAA JLif, edk
FLRH 22, BT LA AR 36 A5 el FE B 80 °C 5 il IR T 60 °C
PURB, dnfikie 55 C 5 60 Chhgs, He &+
FK1E U, 45FER 55 CEMH) T E EL 60 C
AT TR RE K T T /2, T EL T TR Al
EFE TORIRE . M XGEAKT 0.8 m/s B, G0 itse:
H 0.5 mis F10.8 mys LL, e sk 1 55— 4,
0.5 m/s {TFEIHA] L 0.8 mis (T4 ) ZE K 13—
o 26— AR RS RPN S K 1a1b) sk 4%
FEAR, A AIES . YRS RN 15
cm><1.5 cm A R IR R 500 g I — )2, BT A
S UUZHYIRLE Y 1000 g B, EHHEROUZ, PoRkE N 1500
g I =)=,

DL &R, £ERE 10 min I — V0 &, EET



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.11

J 28 22 A K B (IR 2E) 10~ 13% 2811 (ERRHILE (12 4
BRFD . RHWRETATESE 300 DU

14 Ko4EWHNE

5 8 75 Y0 kLS OK & I 2 2 1 GBIT 5009.3-
2003.
15 Fld&eysssga

KICAES A TR VIR b, SRABLE 5
Tt 22 6 S~ 20 6 1) 00 AT R At i s AU 1k
WHATIE, WK 2.
R 2 EERERTREFIRE
Table 2 The selected thin layer-drying mathematical models
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Fig.2 Hot-air drying curves of Pleurotus eryngii at different
hot-air temperatures
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Fig.3 Hot-air dryingrate of Pleurotuseryngii at differenthot-air
temperatures
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Fig.4 Hot-air drying curves of Pleurotus eryngii at different
hot-air velocities
H P 4 RN, A B AR T ) XU SR T
k. RJHH 0.8 mis. 1.2 mfs Fl 15 mis &R,
AV 5 TR 2 H bR S /K B TR TR ) 3 5y 255
min. 225 min #1120 min, 1.5 m/s X5 T4t
[A]EE 0.8 m/s 4% 1 fLA b

0r ——08ms
277 —m—12mis
247} —a— | .S m/s
21 F
I8 F

IS5+

12

9t

3 4/ (%' min)

or
3+

0 90 ls\fn .‘.l’.'() lfl»n 450 540 630 720 810 900
FAEFAE /%

5 [EIHAXURUER T~ 25 BigE rY #X T (R 22 i 2%
Fig.5 Hot-airdryingrate of Pleurotuseryngii at differenthot-air
velocities
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Fig.6 Hot-air drying curves of Pleurotus eryngii at different
material size
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Fig.7 Hot-air drying rate of Pleurotus eryngii at different
material size
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Fig.8 Hot-air drying curves of Pleurotus eryngii at different

accumulation layers of material
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Fig.9 Hot-air drying rate of Pleurotus eryngii at different

accumulation layers of material
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Table 3 Constants and regression coefficients of the five drying models of different air velocities

KA 4 AR i [(mis) R? SSE RMSE % HOR
0.8 0.9992 0.0015 0.0087 k=0.0139
Lewis/Newton 1.2 0.9962 0.0064 0.0189 k=0.0222
15 0.9959 0.0051 0.0216 k=0.0391
0.8 0.9993 0.0014 0.0084 k=0.0138, a=0.9931
Henderson and Pabis 1.2 0.9966 0.0062 0.0185 k=0.0225, a=1.0123
15 0.9958 0.0048 0.0208 k=0.0397, a=1.0165
0.8 0.9992 0.0015 0.0086 k=0.9913, n=0.0144
Page 1.2 0.9963 0.0064 0.0188 k=0.0215, n=1.0087
15 0.9979 0.0024 0.0147 k=0.0250, n=1.1276
0.8 0.9995 0.0009 0.0067 k=0.0132, a=1.0015, c=-0.0148
Logarithmic 1.2 0.9971 0.0044 0.0157 k=0.0239, a=1.0029, c=0.0182
15 0.9960 0.0043 0.0198 k=0.0383, a=1.0258, c=-0.0131
0.8 0.9997 0.0005 0.0049 ko=0.0136, ki1=-0.0250, a=0.9894, bh=-4.0247
Two-term 1.2 0.9971 0.0044 0.0157 ko=0.0014, k;=0.0240, a=0.0238, h=0.9978
15 0.9981 0.0021 0.0139 ko=0.0596, ki1=0.0603, a=46.1407, b=-45.1450
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Table 4 Constants and regression coefficients of the five drying models of different hot-air temperatures

HEAL 2 A HORB I C R? SSE RMSE # HR
60 0.9982 0.0035 0.0131 k=0.0147
Lewis/Newton 70 0.9963 0.0064 0.0189 k=0.0222
80 0.9975 0.0041 0.0156 k=0.0261
60 0.9984 0.0032 0.0126 k=0.0145, a=0.9891
Henderson and Pabis 70 0.9966 0.0062 0.0185 k=0.0225, a=1.0123
80 0.9978 0.0038 0.0149 k=0.0265, a=1.0149
60 0.9982 0.0034 0.0130 k=0.0154, n=0.9890
Page 70 0.9964 0.0064 0.0188 k=0.0215, n=1.0087
80 0.9979 0.0039 0.0152 k=0.0236, n=1.028
60 0.9988 0.0022 0.0105 k=0:01372, a=1.00024, c=-0.0198
Logarithmic 70 0.9971 0.0044 0.0157 k=0.0238, a=1.0029, c=0.0182
80 0.9982 0.0026 0.0124 k=0.0277, a=1.0068, c= 0.0145
60 0.9988 0.0022 0.0104  Kko=-0.0038, k;=0.0139, a=-0.0073, b=0.9888
Two-term 70 0.9971 0.0044 0.0157 ko=0.0014, k;=0.0240, a=0.0238, b=0.9978
80 0.9982 0.0026 0.0123  ko=-0.0025, k;=0.0275, a=0.0093, b=1.0115

#5 TEMIRRTT 5 MTREENEHAMEITRE

Table 5 Constants and regression coefficients of the five'drying models of different material sizes

BEAD 4 AR Ak R R’ SSE RMSE R
1cmxlcm 0.9968 0.0048 0.0185 k=0.0245
Lewis/Newton 1.5cmx1.5cm 0.9963 0.0064 0.0189 k=0.0222
2.cm>2 cm 0.9992 0.0023 0.0103 k=0.0111
Henderson and 1cmxlcm 0.9969 0.0040 0.0169 k=0.0251, a=1.0227
. 1.5cmxL.5¢cm 0.9966 0.0062 0.0185 k=0.0225, a=1.0123
Pabis 2 cm>2.cm 0.9991 0.0022 0.0100 k=0.0112, a=1.0065
1cmxlcm 0.9978 0.0031 0.0150 k=0.0182, n=1.0787
Page 1.5cmxL.5¢m 0.9963 0.0064 0.0188 k=0.0215, n=1.009
2.cm>2 cm 0.9992 0.0016 0.0086 k=0.0096, n=1.0335
1emxl cm 0.9970 0.0040 0.0169 k=0.0253, a=1.0210, ¢=0.0027
Logarithmic 1.5¢ecmxL.5¢em 0.9971 0.0044 0.0157 k=0.0239, a=1.0029, c=0.0182
2.cm>2 cm 0.9998 0.0004 0.0044 k=0.0103, a=1.0260, c=-0.0314
1cmxl cm 0.9984 0.0023 0.0129 ko=0.0268, k1=0.1568, a=1.0934, b=-0.094
Two-term 1.5emx1.5¢cm 0.9971 0.0044 0.0157 ko=0.0014, k;=0.0240, a=0.0238, b=0.9978
2.cm>2 cm 0.9998 0.0003 0.0039  ko=0.0108, k1=-0.0075, a=1.0006, b=-0.0034

*® 6 TEMIRHEREHT 5 MR R ERIMET R

Table 6 Constants and regression coefficients of the five drying models of different accumulation layers of material

HEALE AR YA E K R? SSE RMSE L&
1 0.9963 0.0064 0.0187 k=0.0222
Lewis/Newton 2 0.9974 0.0183 0.0295 k=0.0118
3 0.9988 0.0080 0.0175 k=0.0110
1 0.9966 0.0062 0.0185 k=0.0225, a=1.0123
Henderson and Pabis 2 0.9958 0.0111 0.0230 k=0.0125, a=1.0530
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3 0.9983 0.0052 0.0142 k=0.0114, a=1.0321
1 0.9963 0.0064 0.0188 k=0.0215, n=1.0087
Page 2 0.9995 0.0011 0.0071 k=0.0051, n=1.1841

3 0.9993 0.0016 0.0079 k=0.0069, n=1.1008

1 0.9971 0.0044 0.01570 k=0.0239, a=1.0029, c=0.0182
Logarithmic 2 0.9985 0.0031 0.0122 k=0.0106, a=1.0954, c=-0.0651

3 0.9991 0.0023 0.0095 k=0.0105, a=1.0471, c=-0.0274

1 0.9971 0.0044 0.0157 ko=0.0014, k;=0.0240, a=0.0238, b=0.9978
Two-term 2 0.9995 0.0010 0.0070  ko=0.0195, k;=0.0196, a=79.2612, bh=-78.2592

3 0.9994 0.0015 0.0077  ko=0.0160, k;=0.0162, a=35.6433, b=-34.6397

2.2.2 %5 MR TR 69 2 F 0 547 B3, RPHEER, Two-term 8 1-F A [FEAHF T
R Matlab 7.0 S BLERIMZERBAT BEVE  RAFAFRHENI N LR, WRR R, YA
b AR IR 7, BEME FRRARER, UNMRER &EH.

[ =AKP) F B KT F(0.01)=8.65, HRIZ R4
F 7 AMTRERBMEREE L0
Table 7 Significance analysis of fitting results of the five drying models

A& HraRE Lewis/Newton Henderson and Pabis Page Logarithmic Two-term
0.8 m/s 22307.57 24859.3 23425.66 34807.36 67110.27
R 1.2m/s 4259.21 4632.29 4364.97 5573.11 5581.46
1.5m/fs 2197.05 2114.98 4205.73 2239.13 4730.61
60°C 9763.52 10884.18 10666.1 14395.48 14583.02
AR B 70C 4259.21 4632.29 4364.97 5573.11 5581.46
80°C 6022.66 6899.03 6967.49 8378.15 8423.43
1cm>lcm 3735.18 3915.72 5546.23 3928.07 7502.93
Rt R~ 1.5cmx>1.5¢cm 4259.21 4632.29 4364.97 5573.11 5581.46
2 cm>2 cm 25.50.73 21847.01 26132.55 93827.02 120227.09
1 4259.21 4632.29 4364.97 5573.11 5581.46
SRR H 2 7198.58 4466.72 40090.88 12924.58 42047.8
3 20128.54 13883.45 37419.02 25517.9 39280.54
2.2.3  &803E HORTBRAA G5 iE L3F ® PR
12¢ ®  GOTItRI WO R
1.08 B 00BN A =R i'in s i
, X A B0CHLS = ' ml:l
e 08 60°CF R 1 » 2 AR
i al CHM .: — =R
& ' 80°C Fid
= 04t 02k .... , *,
I:I:. [ _: i ‘ 9 “(; 5.0 |6u..1_:o t!mﬁ)“ﬁu
b ;u slu 100 IS;l 200 250 300 6]/ min
#fE] / min 1 EADRHERR BRI fagE AR R AT E At 10(E
10 AEIFANGEE T 8058 X TR TUIME Frt I E A LA R AL
Fig.10 Comparison between predicted value and experimental Fig.11 Comparison between predicted value and experimental
data of hot-air drying of Pleurotus eryngii at indicated air data of hot-air drying of Pleurotus eryngii at indicated
temperatures accumulation layers of material
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