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Fig.1 Schematic diagram of microwave freeze dryer

A
Cold trap

1.3 A %
1.3.1 #ftma

XU 3 AL 3K Guang Yue Ren 25 5v, T4
RYEHT, B AT EE VE T, VR4 5 mmx50 mmx15 mm
JExKx58) W H, 625 C R kgs 8 h"™, Tk
AU AR o
1.3.2 R¥&IT

BERAE BT AT TR 2 LR N, BN 2 kg
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Table 1 Sensory evaluation standards of button mushroom
SR
TR __ _ _ P Comments _ __
Subject factors ST T LR B T AT
Like very much Like Neutral Dislike Dislike very much
Bt Color 2% Bright 1 White I Dark 4 Light brown A5 {1, Dark brown
511 Appearance s B URET: PR AL S OUNEE DY
pp No shrinkage Slight shrinkage Obviously shrinkage Severe shrinkage, no crack Severe shrinkage, with crack
- i e AR ® HLRE AT 2Rk B
Jiiih Texture . . . . .
Delicate taste Crispy Springy Soft Rough with filamentous residues
Sref VR PN LGB iRV P H T IR
Rk Flavor BOEL R BEE AECHEI ik P
Fresh and sweet Fresh and little sweet Bitterness Severe bitterness
AR 75 R Af [ALZ 5 i E(EECEE v
Overall acceptability Excellent Good Can accept Accept reluctantly Refuse to accept
1.3.10 ittt o AEJE D) ma R Rk AR N i 7R L

K FH Origin pro 8.5 (3&[H Origin Lab 2 %]) XHAK: %L
PEREAT B AR MU, IF AT U5 B2 5 {1 DPS 7.05
XIS B AT 7 22 0 M, IR P 2 KT E ) P<0.05,
RIS ER 3 W, BULTIEI T SRS 08T

2 HR55H

2.1 AEFEEHX W TE TR IR

AN TR)ARIBE L Ty 6 128 48 Hs 5 XUFRL 25 Tl V4 1T
M 2 Pros. fEHsE 100 Pa, oz tEDiAA 0.25,
0.50, 0.75 W/g ZcAF 1, RUAL Gl 52 24 st T FH (¥ 1) 43
B9 9.5, 7A15 ho RTINS 0.75 Wig I T
B) LA LU Ih R 0.25 W/g IN4R%5E T 47.37%. X UL
et O TN 28 L Ty 2 B 52 T 5% 5 4 1 i 46 R AR I

MR, ANFIT XA TE F A A R TR, RS Z AT
W9, — MU RS MRAE 100 Pa ISR L DR A 5l
6 W/gl, ik L IR g 0.50 W/g, REEE5 4 50, 100,
150 Pa £5FF, XG55 75 IR 23000 6, 7 Fd
7.5h. JECA 50 Pa B [T-EES R LG R 150 Pa B 4
FLT 20%. R ECAMORE HE Ty 280 Hs BROR XA 2 T ][] £
R TT LRI, Tk L D2 R se e BE 0 235 (P<0.05)
SK. Giri S VEFT RS 1w 3028 AR LT ]
FERIN, ke LU LIy 208 785 10k Pl B0 2% M5 1 g ) LU B0 A%
FE R & (P<0.05) o 7ESEFRA =, BARE 2 Bk sy (RI:
R EEAL) , Kb SRS, BAS AR, H
TR FEM R B 2, O T 1) A B
b2 3400



298 RNy TFEZ (http://www.tcsae.org)

2016 4F

Bl 2 B R X O A VR TR I 2 2 AN AN
PIBT B K BRI T BRHT B (2 AT 452 5 18] 1)
55%) , LR Z RIS KR R B B . Duan Xul™!
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BRI 12 5 K Gy s LAz ko &, THE i T A2
bR, HK» 28R TGS BRS/KITH 2 YRR, X
X K o L BRIEZE T . SKEIX—45 n] LAk
AR TR XL 24 Al 8l ¥4 U T i 2 52 00 EE AN TR) T BRI BT B
G0 N T DN 2 HLAR TR R R A R TR R R K
SRR, SR 4 R L ) TR AR A TR B H e
ITHlE (£ 2) . i Origin-pro 8.5 IFZMEIE K IR,
242% JT] Henderson and Pabis F/ IR, &0tk i R (5
K (R 2 ), HACRT 0.9, RIS,
XS, 1] LR Henderson and Pabis 15 75 ik XU AL
T P VA I R K AR AR

T84 Drying conditions
=0.25W-g', 100 Pa
®0.50 W-g', 100 Pa
40.75 W-g, 100 Pa
v0.50 W-g', 50 Pa
*0.50 W-g!, 150 Pa

MRS AR
Wet basis moisture content/%
i
o

72 3 4 56 7 8 9 10
I} [ Time/h

B2 RREFREMTRI0LHE T IRM L

Fig.2 Drying curves of button mushroom under different drying

conditions
F2 AETFEEE TR EEFAK S b B AT EPE T (@A E 2
& ER
Table 2 Model fitting results of MR and InMR vs drying time
TS B oDRBE RN
Drying conditions Model equations %mm;ter R—s;q;zlare
0.25 W-g', 100 Pa 101.56 0.31 0.9681
0.50 W-g', 100 Pa 92.44 0.41 0.9911
0.75W-g', 100Pa  MR=a exp(~b?) 91.97 0.55 0.9825
0.50 W-g'', 150 Pa 92.04 0.44 0.9762
0.50 W-g!, 50 Pa 97.24 0.37 0.9901
0.25 W-g, 100 Pa 2121 -1.35%10% 0.9544
0.50 W-g™', 100 Pa -1.06  -1.75x10%  0.9848
0.75 W-g', 100 Pa InMR=a+b"t 2145 -223x10* 09823
0.50 W-g', 150 Pa 2133 -1.90x10*  0.9876
0.50 W-g'!, 50 Pa 2154 -1.59x10*  0.9723

E: MROWKIIEG: a, b WIS H ¢ TR ).
Note: MR is moisture ratio; a, b is model parameter; ¢ is drying time.

HI 2 Al%, ASFETR AR X s K 5y Tl AR
H InMR B )4 (LR A I 220 RP 39K T 0.9, &I
HALLF I, XU o S LR R R g ME R 15 21
WAL VR T R T A ROK 2 iR B &l 3a
TR T ANTA TR A AE T XA 2 T K 2 LR AR
InMR Fiti T-H I 18] (R A AL KU B ST oK i iR B,
VR T 8 X 2t e 4 12T R v PR A 80K 20 R
1E 3.423x107°~5.654x10"" m%/s Z [, ¥JET 10" Kkt

B, XA E R TR RBOK Y B R 107~
10°* m*/s [R5 FESY ik 1 3b 7T LR IR R 55 100 Pa,
R 0.25, 0.50 A1 0.75 W/g &40, XHLER
ROK P B R B )k 3.423x107°,  4.448%107° Al
5.654x107"° m?/s, il LCERARMESRTT T 64.74%; #E1%
WL 0.50 W/g, REER5HK 50, 100, 150 Pa 5544
T, WA A KSR B B 4.809x1077,
4.448x107°, 4.020x10™"° m%s, e L EARAEIR T T
19.63%. LA ATt B, Sk b Dh 2 M BRI R 48 =
SR IAT TT L SR A XA 2 e v Vi R o A% A 54T
My AT A 1A BOK T BOR B, AR e 3k
IKY HCREERTH R S (P<0.05) « X—H4H
ST IR LG Sh Z R BRI R G e s v LAYk > 45 e ],
LR T TR S Ay B3 (P<0.05) FIJEAL

or T2+ Drying conditions
=(0.25 W-g', 100 Pa
®0.50 W-g', 100 Pa
40.75 W-g', 100 Pa

v0.50 W-g, 50 Pa
+0.50 W-g', 150 Pa

IR Ll AR L
In MR

Q

Q

SN N
D AR (S
A

@é S
WRE
I 8] Time/s

a. InMR Bl TS5 I (0] (A2 R
a. Change tendency of InMR vs drying time

~
1

5.654
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HROKSY HRK
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| “5:4A:Drying conditions

b HRUK R EE

b. D, value of button mushroom
B3 R FRAM T RIeHE T BRAS I B AT BT AT 1)
8 AR B A HOKS T3 7 3
Fig.3 Change tendency of InMR vs drying time and D, value of
button mushroom under different drying conditions
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Wi MY C RAFRINGE R, [ ko, B
I L T 2 N, 7 R S K G R ISR 2R AE AN W
B A LA 7K LU L 47 26 (1) S AR AL B e s 7 20 ol BRI T
25.81%H1 16.90%. [RIFE, [EEmpkboiZ, & RS
FEBRTEE, 7= i A K EE AR R R B R B3,
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{E S 7K L R4 56 IR S ARAEL L B (B 0 U AR T 4.72%
H14.41%, FLFRAREE /N T 5O st L Th A N b 1) A1
o DL gl T AR T B Th RN 22 48 Hs st 2 /K LE AN
W40 R Y 2 A fe g, E Ak g ek L i R R O I
(P<0.05) . ATREMIJE RS, 6B kT HETHI R,
KA VRE R LB, MM T il TR TR 5]k
(RN IS I kA, IR T T e L 26 T4 s
YRR N TG s AERA R T R, Ak Lk
IhEHR R G itk i, XU Y (17K 431 LA ZE & 5
R 2, SO0 AREE 1) N A MBS, T I Ak
TRt N o) I N = N 2 5 24 NG

M 3 LA, U R R, R IR
1E0.75 Wig I 45 85 24 77 5l 140 1 B8 LR A L sh 04
0.25 W/g i R&T 28.14%, IXFRWIRInta b o &
FSCAE AR B N (RN SR s B ARG 2R 0 P 5 ) AR A5 45 00 2 7 iy
(R A BEARL ARG, 2 B e sl L D 6, R4 580 50 Pa
KA K] BB L RG34 150 Pa BFFEK T 13.90%,
LRSS N T SO % L D A N FR R PR AR . 4R
3 C PRAF LB 77 o U B R bR 2 —, AR 3
A, AR LE TR Y A R C R R AR L i
HFFET 18.17%, M4 RE KoL £ C RAFHRIN
B ACAY L B s A PR T 37.06%, 1% 3 W] B 45 Hs x4 /E
K CIRAF R B 2 m LU LI R 52 m i 3% (P<0.05) .
PRI AR AR R A 2 RO W
AR 3= B S R BB PEAT O, AEREAR AR R
BB B s i, e C R kb T
WL FR, AL m A IR I E & B T
Bt SEEEAR R A SR, YWRHE Sk gk,
REASBENG O N, HaR 0 R LBk A R & B
SELEE R C BRR. X LRSS T 5 10 1 S YA &
C PRAFHAZAL R T LT, 6 XA e v T el A
o R A SR B H A . Barbara, S.ZEPTIZERIT 9 3 B A
DA ) 75 380 3 SR 1 728 A S5 A SC P AHA s 2E Yunhong
Liu 2P G N 2B B T o 2 N R R
TR E I R I TR R . BRI E B RN,
WS NEE R C PRI, X R 45 FARAL .
i, ATHEER 3 HR A S TR bR A R R L T
RE R BRI I RAR I, i A XA e A U
gl R Ao TC ER S SRR AR A, TR A S
K, T HBRA T 4R % C IR BRI MR K.

%3 TFRTREHTNHRE T QSRS

Table 3  Quality characteristics of button mushroom dried
products under different drying conditions

TR KK liEES U Q’H:q;% Cﬁg;?
Drying conditions RR SR WI itamin

retention ratio/%
0.25 W-g', 100 Pa 5.27+0.047a 0.71£0.017b 66.31£0.081a 59.34:0.058¢c

0.50 W-g™', 100 Pa 4.5120.056¢ 0.67+0.031ab 56.58+0.052b  53.7+0.042b
0.75 W-g', 100 Pa 3.91£0.015d 0.59+0.028a 47.65+0.037d 48.56+0.044d
0.50 W-g™', 150 Pa 4.660.036b 0.68+0.063b 50.69+0.051c  67.25+0.052a
0.50 W-g', 50 Pa  4.44+0.024c 0.65+0.012¢ 58.88+0.047b 42.33+0.019d

H: AT EEa. by o d BRARTERSEM FEREFE (P<0.05) .
Note: Different letters of a, b, ¢, d indicate a significant difference (P<0.05).

2.3 ARIEHT W ERB A ER T IREEFET Eb &R
ZEEIEH

ANFEAE T A GEA TR BRI & 4a .
[ E RS 100 Pa, S0k L )Eh 0.25 W/g I BE
FEAE LA ELIh 0l 0.75 Wig I K BEFEAE PR T 5.59%:;
MEEDE DRy 0.5 Wig, REEGRN 150 Pa i fE
L RGE R 58K 50 Pa B BERE(EIEAC T 8.53%. IXEIK
o B A A L T 2 R I 28 456 s 5380 e PR T 14 BB AE
AR R 55 BEFEM sE AR S BE K (P<0.05)

HI & 4b ST LR G VR E T A, SRk L D)
AR ARG IR THR I F),  (HARHE il L D) 2 1R 4%
PEF AR . WCAR N RSB T, T PRI
FR 40 5 AR R AT T ST T LA, A T
TARRA . FER LE DI 0.25 W/g, RSG5 K 100 Pa
AT LR EVEME R R 0.67847.

60000 - 3611.55

b 49036.32

40000 |-

20000

1
|4
Energy consumption/(kJ-kg™")

025W-g', 050W-g', 075 W-g', 050 W-g', 0.50 W-g,
100 Pa 100 Pa 100 Pa 50 Pa 150 Pa
T84 4 Drying conditions

a. RUERET A VR e FE
a. Energy consumption of microwave freeze drying of button mushrooms
0.8 r
0.67847
0.7 1 2

06|
0.48682 050143 47831
b b d

051
04

03r

A

Comprehensive score

02r
0.1

00 4 4 4 4
025W-g', 050 W-g', 0.75W-g', 0.50 W-g', 050 W-g",

100 Pa 100 Pa 100 Pa 50 Pa 150 Pa
[-44: 4 {}:Drying conditions

b, IAER PP

b. Comprehensive score of button mushrooms
B4 RE ST RIRE BB KT IR A Ao AR G2 A 4
Fig.4 Energy consumption and comprehensive score of button
mushrooms dried under different drying conditions

2.4 ETEMEFHEREINREITE

VU G AS R4 45 A7 45 380 1R 8 1)t DAY
SiRME 4 Pon. RGEMA 100 Pa, T ELDIE K
0.25 W/g BB PRI e A4 BRI 4R 8 ¥,={0.27, 0.15,
0.1, 0.13, 0}, X} ¥, HEATIH— A AL #1F ¥,'={0.415, 0.231,
0.154, 0.2, 0}. [FIFEMITTIES RN E R R, S8
W LEIhEN 0.50, 0.75 W/g W4 H i E— L BORI4E 43 )
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h ¥,'={0.139, 0.208, 0.375, 0.278, 0.278}: Yy'={0.149,
0.149, 0.299, 0.403, 0.299}; [W¥f, [& ik tbh,
MR RS RH 50, 150 Pa Ay VA — A AR £E 20 5l
b ¥4={0.230, 0.310, 0.230, 0.230, 0}; ¥5'={0.167, 0.167,
0.333, 0.333, 0.450}. HUL EIFE LR, T
4 0.25 W/g, 100 Pa; 0.5 W/g, 100 Pa; 0.75 W/g, 100 Pa;
0.5 W/g, 50 Pa F10.5 W/g, 150 Pa I, Hoxf N RORIAERE
WA 235k 0.415, 0375, 0.403, 0.310 A1 0.450,
A EAE 7 A AN A — BRI AR 38 1, 565 3, 28 4,
%2, S ABUE, KR 4 P EAIEEF CIER SR

B LM AR JEEAENO RERE R, %
TR AR IR B PETEAR ) R B L “rpar
B L CREXRT . CERT M C“IERARER” . W
T DA H B 0 L D 2 R R e TR s i3, 7
B2 RRIERRAR, B RS B E VN R RO,
A, LETRB VA VR T H 0 R e LE D 26 e R 4 PR i vy
I BT SR S 2 . X LG 4b AT DU IR
HEM & R GG MBOE 85 K —8. Bk, 75
FIR, kLT 025 Wig, RE0E5EK 100 Pa )T
TS BE A N FH U0 2 A VA VR e

R4 TRTFEFGTRAE THREEITTESR T

Table 4 Panel responses for preference of each dried product obtained under different drying conditions

HVHE N BT Population statistics

TR oAt PN AR _ _ _ - . PPN 4
Drying conditions Subject factors IR ER AR AL L ANEIR AR AEI Total
Like very much Like Neutral Dislike Dislike very much
Hif, Color 8 1 1 0 0 10
AW Appearance 9 1 0 0 0 10
0.25 W-g", 100 Pa [t Texture 8 2 0 0 0 10
Ak Flavor 8 0 0 2 0 10
RS2 FEIE Overall acceptability 8 1 0 1 0 10
Zifs, Color 1 1 7 1 0 10
AW Appearance 0 1 5 2 2 10
0.50 W-g', 100 Pa Jiiith Texture 1 3 5 1 0 10
Ak Flavor 0 2 6 1 1 10
AR FEIE Overall acceptability 1 1 7 0 1 10
Bt Color 0 1 1 8 0 10
AL Appearance 1 0 0 7 2 10
0.75 W-g'', 100 Pa JiiHth Texture 1 0 2 5 2 10
JX% Flavor 1 1 1 6 1 10
FEAREZFEE Overall acceptability 0 0 2 7 1 10
Bits Color 1 5 2 2 0 10
AN Appearance 2 7 0 1 0 10
0.50 W-g!, 150 Pa [t Texture 0 6 3 1 0 10
JAIE Flavor 3 5 1 1 0 10
RS2 FEIE Overall acceptability 3 7 0 0 0 10
B, Color 0 1 2 2 5 10
AW Appearance 0 0 2 1 7 10
0.50 W-g', 50 Pa JHtHh Texture 0 0 1 1 8 10
Ak Flavor 0 1 1 1 7 10
AR EEZ FEE Overall acceptability 1 1 1 2 5 10
3 &% it 4) SV VR T AR R T B L ) 6 K R e I i vy

1) T bb Dy 558 R 2R 48 He S0 XUF 2 ol ¥4 R T i
I W, ARG L Sh 3R 5 23 (P<0.05)

2)% J1l Henderson and Pabis 117 G % #E i (R>>0.9)
I XU s S VA VR T R R K A A, HOXHR
TE A VR T A UK Y RS 1070 mi/s B
0, B LG D 2O AT BOK A B R B e B
(P<0.05) ;

30 TR T R SRR (. B
KEL IRZD P3RS (P<0.05) , RS0 IF
TR (GEAER C IRAER)  BETH LT RAER
FRY 3 M) LU BBt LU Dy 565 A I 5 110 5% 0 B Yl 2% (P<0.05);

S S ARG R

5) MR R R BOKE. FRELLR
YErEFR C IRAERIATINRLER G VY, RIS, 1
W LLDPR R GR35 0.25 W/g F11100 Pa 234517
SRR 0.67847, ARG A R OBV R 15 o

(& % x ¥l
[1] Pei Fei, Shi Ying, Mariga Alfred, et al. Comparison of
freeze-drying and freeze-drying combined with microwave
vacuum drying methods on drying kinetics and rehydration
characteristics of button mushroom (agaricus bisporus)
slices[J]. Food and Bioprocess Technology, 2014, 7(6):
1629—1639.



%12 3 B

XA DAV VTR BT8R i i

301

(2]

(6]

[12]

Fei Pei, Ying Shi, Xingyang Gao, et al. Changes in
non-volatile taste components of button mushroom (agaricus
bisporus) during different stages of freeze drying and freeze
drying combined with microwave vacuum drying[J]. Food
Chemistry, 2014, 165: 547—554.

Somayeh Taghian Dinani, Nasser Hamdami, Mohammad
Shahedi, et al modeling of hot
air/electrohydrodynamic (EHD) drying kinetics of mushroom
slices[J]. Energy Conversion and Management, 2014, 86:
70— 80.

Guang Yue Ren, Fan Lian Zeng, Xu Duan, et al. The effect of

Mathematical

glass transition temperature on the procedure of microwave-
freeze drying of mushrooms (agaricus bisporus)[J]. Drying
Technology, 2015, 33(2): 169—175.

Oikonomopoulou Vasiliki P, Krokida Magdalini K.
Structural properties of dried potatoes, mushrooms, and
strawberries as a function of freeze-drying pressure[J].
Drying Technology, 2012, 30(4): 351—361.

A, PR, RUARHE, AE XA i A R K
LTEMRAT). A TRE2EH, 2010, 26(6): 380—384.
Li Bo, Lu Fei, Liu Benguo, et al. Microwave-vacuum drying
characteristics and process optimization of Agaricus bisporus
slices[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2010, 26(6): 380—
384. (in Chinese with English abstract)

Vasiliki P Oikonomopoulou, Magdalini K Krokida, Vaios T
Karathanos. The influence of freeze drying conditions on
microstructural changes of food products[J]. Procedia Food
Science, 2011, 1: 647—654.

Hande A R, Swami S B, Thakor N J. Effect of drying
methods and packaging materials on quality parameters of
stored kokum rind[J]. Int J Agric & Biol Eng, 2014, 7(4):
114—126.

B8R, ARG, skfl, A IEASIRIAL AP L 2 ok Al
BEAaARGTER T 2N ik, 2015, 36(12): 12—
16.

Ren Guangyue, Ren Liying, Zhang Wei, et al. Optimizing
microwave-assisted vacuum freeze-drying of dioscorea
opposite by orthogonal array design[J]. Food science, 2015,
36(12): 12—16. (in Chinese with English abstract)

Wang Rui, Zhang Min, Mujumdar A S. Effect of salt and
sucrose content on dielectric properties and microwave freeze
drying behavior of re-structured potato slices[J]. Journal of
Food Engineering, 2011, 106(4): 290—297.

RS, Takde, BRRAF, S5 BRIRE U A Tl s T4
TESHMAAL]. R TR, 2009, 25(3): 248—
252.

Zhu Dequan, Wang Jixian, Qian Liangcun, et al.
Optimization of technical parameters of microwave-vacuum
drying of Chinese gooseberry slices[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2009, 25(3): 248 —252. (in Chinese with English
abstract)

Wang Rui, Zhang Min, Mujumdar, A S. Effect of salt and
sucrose content on dielectric properties and microwave freeze

[13]

[19]

[22]

drying behavior of re-structured potato slices[J]. Journal of
Food Engineering. 2011, 106(4): 290—297.

Duan Xu, Liu Wei, Ren Guangyue, et al. Comparative study
on the effects and efficiencies of three sublimation drying
methods for mushrooms[J]. Int J Agric & Biol Eng, 2015,
8(1): 91—97.

GB/T 5009.3—2003, £ & 7K 53 B3 2 [S].

Yunhong Liu, Yue Sun, Shuai Miao, Fang Li, et al. Drying
characteristics of ultrasound assisted hot air drying of Flos
Lonicerae[J]. J Food Sci Technol, 2015, 52(8): 4955—4964.
WKRE EEE, XK. IACTRECRM). dbat: fes
b HiRcAt, 2007,

SRS, ML, SPRTE, SR PRLBRALAMBS TR
TR IRE R[], A TR, 2015, 31(10):
269—276.

Zhang Weipeng, Xiao Hongwei, Gao Zhenjiang, et al.
Improving quality of Poria cocos using infrared radiation
combined with air impingement drying[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2015, 31(10): 269—276. (in
Chinese with English abstract)

Mz, PV, EIREL S5 A BRI PR TRAL
THAFELT]. B ERE, 2015, 36(9): 1—6.

Liu Yunhong, Sun Yue, Wang Leyan, et al. Drying
characteristics of pear slices during ultrasound-assisted hot
air drying[J]. Food science, 2015, 36(9): 1—6. (in Chinese
with English abstract)

sk, ALt ARRe, A iR T SRS S TR
REPEA TR D]. AR TREAR, 2011, 27(44 T 1):
382—388.

Zhang Qian, Xiao Hongwei,Dai Air
impingement drying characteristics and drying model of

Jianwu, et al
Hami melon flake[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2011,
27(Supp.1): 382—388. (in Chinese with English abstract)
Pankaj B, Pathare, Umezuruike Linus Opara, et al. Colour
measurement and analysis in fresh and processed foods: a
review[J]. Food Bioprocess Technol, 2013, 6(1): 36—60.
B, M, MEE, S5 TR BN B
F AR ], Rk TR, 2015, 31(16):
296—304.

Ju Haoyu, Xiao Hongwei, Zheng Xia, et al. Effect of hot air
relative humidity on drying characteristics of carrot slabs[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2015, 31(16):
296—304. (in Chinese with English abstract)

SRS, wdRil, LR, 55 T Weibull pAUANH T
505 R IR TR ED]. AR TR, 2015, 31(5):
317—324.

Zhang Weipeng, Gao Zhenjiang, Xiao Hongwei, et al. Drying
characteristics of poria cocos with different drying methods
based on Weibull distribution[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2015, 31(5): 317—324. (in Chinese with English
abstract)



302 Ak TREZAR Chttp://www.tcsae.org) 2016 4E

[23] Duan X, Zhang M, Mujumdar A S, et al. Trends in [26] Huang Luelue, Zhang Min, Mujumdar A S, et al. Comparison

microwave-assisted freeze drying of foods[J]. Drying of four drying methods for re-structured mixed potato with

Technology, 2010, 28(4): 444 —453. apple chips[J]. Journal of Food Engineering, 2011, 103(3):
[24] Mukhopadhyay S, Majumdar G C, Goswami T K, et al. 279—284.

Fuzzy logic (similarity analysis) approach for sensory [27] Barbara S, Anna-Maria N V, Werner C H. Influence of

evaluation of chhana podo[J]. LWT-Food Science and process control strategies on drying kinetics, colour and

Technology, 2013, 53(1): 204—210. shrinkage of air dried apples[J]. Applied Thermal
[25] Giri S K, Prasad S. Drying kinetics and rehydration Engineering, 2014, 62(2): 455—460.

characteristics of microwave-vacuum and convective hot-air [28] Yunhong Liu, Jianye Wu, Shuai Miao, et al. Effect of a

dried mushrooms[J]. Journal of food engineering, 2007, 78(2): modified atmosphere on drying and quality characteristics of

512—521. carrots[J]. Food Bioprocess Technol, 2014, 7(9): 2549 —2559.

Drying characteristics and quality of button mushrooms during
microwave freeze drying

Duan Xu, Liu Wenchao, Ren Guangyue, Pang Yugi, Liu Yunhong
(College of Food & Bioengineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: Button mushroom is the most widely cultivated and consumed mushroom throughout the world and it contributes
about 40% of the total world production of mushroom. Button mushrooms are extremely perishable and their shelf life is only
about 24 h in ambient conditions. Various physiological and morphological changes occur after harvest, which make these
mushrooms unacceptable for consumption. Hence, they should be consumed or processed promptly after harvest and for this
reason the mushrooms are traded mostly in dried form in the world market. The convective drying method is the most
commonly used to dry mushrooms. Nevertheless, due to long drying time and high drying temperature at industrial scale, the
problems of darkening in color, shrinkage, loss in flavor and decrease in rehydration ability easily occur. In recent years,
microwave freeze drying (MFD) has been investigated as a potential method for obtaining high quality dried food products
with low energy consumption. Thus, to achieve faster drying rate with high product quality, MFD was applied to dry button
mushrooms. The drying curves, effective moisture diffusivity, rehydration ratio, shrinkage ratio, vitamin C retention ratio,
energy consumption and the sensory evaluation based on the fuzzy reasoning were investigated, which were considered to
reflect the drying and quality characteristics of button mushrooms under different microwave loading levels (0.25, 1.0 and
0.75 W/g) and system pressure (50, 100 and 150 Pa). The drying models were obtained by the nonlinear fitting of drying
curves. The weighted comprehensive evaluation of button mushroom MFD processes were also carried out based on energy
consumption, drying time, rehydration ratio, whiteness index and vitamin C retention ratio. Results showed that, when
changing the microwave loading level, the reduction ratio of the minimum value to the maximum value of drying time,
effective moisture diffusion coefficient, whiteness index, rehydration ratio and shrinkage ratio were higher than those obtained
by changing the system pressure. It meant the microwave loading level had a more significant influence on drying rate and
physical quality index than the system pressure. However, the system pressure had more obvious influence on nutritional
content index, energy consumption and sensory evaluation compared to the microwave loading level. Through the nonlinear
fitting function of Origin pro 8.5, we found the R-square of Henderson and Pabis model fitting curve was the highest, which
implies the Henderson and Pabis model could well describe the moisture variation in drying process; the effective moisture
diffusion coefficient of button mushrooms during the MFD was in the range of 3.423x107°-5.654x10"'" m%s, and it was on the
10"°m?/s order of magnitude and more influenced by microwave loading level. In addition, the products obtained under high
microwave loading level and system pressure would be not accepted by consumers. Taking energy consumption, drying time,
rehydration ratio, whiteness index and vitamin C retention ratio into account, 0.25 W/g microwave loading level with 100 Pa
system pressure was proposed as the favorable condition for button mushroom MFD. The results provide a theoretical basis for
the selection of the suitable processing technology for the MFD of button mushroom.

Keywords: drying; models; quality control; button mushroom; microwave freeze drying
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