R EmiB Modern Food Science and Technology 2019, Vol.35, No.6

TFEME-AARBA TRT SRR RS

KEF, fEHE, VLIRS, BRARE, ZEH
(BRBFEXFERIELSEAMFFR, FPRESHEEMAFBRRKESAL T S, EHHZ 710119)
WE: AR FHERATRIE, REELTFIRB A, AR F) A&+ 4 K (Design-expert ) #4449 Box-Benhnken design(BBD)
Fikikit, SR RA LB E ok L @RI TR, SAGIROE R S A K Fe A A A TR E] ZANE RS T AARE,
TR, LARAREFS T A, RIERIRAIET L 4 MR R AR, ot LA TR 2 @ oA, FHHRAE 63T IR
1%, REMBRRIEEH T TFRETHETRiRS (REf. HEHAEESE) #TNE, FHEREME-ALTEARESTHRL
A BORAFE 300 W, 535 ATKE 37%. ARAKTIRNE 11 h, EiZ5ATHEGFETHEER EFRIT. BMRE. TR
BRARGERGFRE, A LT ELMT A FET ] 0ad Tt 24— 09 R B A48 5.

KR PE; TR AR ERt

XERS: 1673-9078(2019)06-129-138 DOI: 10.13982/j.mfst.1673-9078.2019.6.017

Optimization of the Combined Microwave-vacuum Freezing Drying

Process and Quality Analysis of Pleurotus ostreatus

ZHU Cai-ping, SUN Jing-ru, SUN Hong-xia, CHEN Xin-ran, LI Qian-nan
(College of Food Engineering and Nutritional Science, International Joint Research Center of Shaanxi Province for Food
and Health Sciences, Shaanxi Normal University, Xi’an 710119, China)

Abstract: This paper aims to obtain the optimal drying process of Pleurotus ostreatus as well as to improve the quality of its drying
products. Based on the methods of single factor and response surface method with the Box-Benhnken design (BBD), an experiment was
conducted to analyze the effect of three factors including the microwave power, moisture content of switching point and vacuum freezing time
on the 4 indicators of dry basis moisture content, drying rate, rehydration ratio and sensory score of the product correspondingly. The quadratic
regression models of the 4 indicators were constructed and analyzed with the response surface method according to the experimental data, and
the optimal drying process of Pleurotus ostreatus was obtained, which was microwave power 300 W, conversion point moisture content 37%,
vacuum freezing time 11 h. In addition, the nutrients of the dried Pleurotus ostreatus (protein, crude fat and total sugar content) were measured
under the optimal process conditions. From the experiment and data analysis, it can be concluded that under the proposed optimal processing,
the dried Pleurotus ostreatus products have the advantages of good color, excellent quality and high retention of nutrients, which can guide the
mass-production of dried Pleurotus ostreatus under industrial conditions.

Key words: Pleurotus ostreatus; drying; response surface design

P45 (Pleurotus ostreatus) JRAMIE:, Hl4 10K
W RERANE EPas. ERIE, K2, 8
TR TR EHAERL, 2 AT E RS 52 IR
M CPgs. & s, Ha 21,
PR R, EEEAR. 2P "R
ZRH VI, AMUBAIBREOE, SPHEL. SEEA
WiFsEER: 2019-01-17
HETH: ERAAMFELIE (31301598) ; FREREARTI S
EFmMAEEIE (6K201803086) ; BREIMSEAFAFEHERBAIMA
(KY20182D006)
EEEN: KB (1979-) , &, #L, EEIR, AIRAE: REF~RmM
TIXRFA

PRHTRARE S Th R, St AR IS IR RS B
IRMLEABHGIF R . Btz + 48t i
IR A5h, ARTFERM], H BT T T AE
PHTIA L E AR A R ARG 1 —
TEH, BARSI e HEDy P ash & KRk
B 90% /A, YN, PRI PR R
gitly, DIULS ISR, At ), H T B AR IR
A 2d, BAREAIRIT. AT REHAEEN, B
s As, A7 DZO AT K T4

AR, BRE B —MaR TR 2
2oz B AERE. W% MR BOK T
PR, TS SRR A R L, RS

129



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

RO HEK A7 S o el TSR B A AR T
VR I R EE, C& 2N B RS T
Wb BRI EER, SRSIREL SEREY
R URT BB BRI R s, B R RARI K 5y
A RS T, R R i
A JEORKIZE L, AT B K PR M R B £ it ) B i €2
FEFRIA. BT, BRI AR 3T R RRT L R
Fe AR TPE AR R E R 2R 32O T, X T
YR KT TR D> B BRAE B — O T, SN 5% 2R
AR R T BB TP B R T B T2,
S R I ORI TP R RS R R4 T2, A
XV 2l (R TR AR WARGE - DRIIE, AN FEAET 2
WEERPIRET ) R - A A URIR B 17 300 et AT
TR IR E M UE TR AT INE, BAEAN
ARG TERERIN TR], SRR T, THACT s T
il it BEERR AR -

1 HRSES

L1 A#

BT (R EARAD W T BRIGE I 2K %
XA, BESRPELBUK. TR LA, Rt
Hh— PRV DR EE RS B, TN 4 CHIDKAhHEAT
TRORAT, AL ST

12 FEMNE

GZX-9146 MBE HUR s X FJAH, iRl
HIRAFBES TR BS-224-S BT K, JbREL
FIHHAL S RGO FR AT LGI-10 HBAEHTEEL, T
M TR A IR ST A A, WD700 il HRaH
F R HBARAT; Kjeltec 2003 4= HahHLIKE
RAL FMLAEAF]; DFT-50A FHE 8 7 emie
ML, RIE AR UA PR A ] TU1810 4] Wt
e, JERE @A .

1.3 RIF®

131 FEME-AZALATFRIE AL
#FETFESWA (FE 2em) »3F (K 3min) -
#BHF (15min) —HA T (e# 2 min. BER 2 min) -
% (20 C, 3h) >ARARTHR CABHEE-60 C, AZE
8.2 Pa, auto HEX A #EHATIR, FREKEZ 10%ATFM)
IR E
132 #RF R
P EED) R A 2 em ZEA SRR, 2EEEN 50.00
g, BETAGTEIEETE 82 Pa, HAAGTIRE

130

JE P B AR TR A B Shil ),

A S B KRN 35%, HASA VR TR TR 10 h,
WB M ZE 58 140 W, 280 W, 420 W, HELH
X = i b TR PRI RA AL s s Tk 280 W,
B UR TR IA] R 10 h, BB 35 S KRN 25%.
35%- 45%, 5 EEFHN ARG TR i b 5 RS2
T NAE 280 W Hd sl B /K3 35%, W E B TR R
THERFE A Shy 10h, 15h, FHEEHXPEEEEE T5
72 i it TR PRI R o

14 feextth

S I RRE R 3 TRAR 35 R°F- 45 50.00 g, — 1P
FEFCAL BTN T8 (280 W ZHER . in#4 2 min. [A]
&2 min); A PEITEICR E PR 3 h e, TAE
SR TRRS (23 8.2 Pa. IR HENAY) B
ITHEBRGHTRR. 0 EPRh s — 1807 A7 Re
¥e, AR5 LA TR BN REREREA TR LL .

L5 L7k

FE R RIZR SRR [, RBURGR TR Feffeni Bk
L ABRU TR RN EEE MR R, m& LT
BARR, TRER, SOKIEMERER I A RAE, K
Fi BBD J5iditt A7 LA,

1.6 M= 7%

1.6.1 FHhAKE
Fr/KEE I 2 1 R E bR E GB 5009.3-2016 (£
S A E SARE Aok e ) P, T
ERERRAER (D T
M=W-G)/G (1
Kb: Mg HHFE 2l FRAKRE, og W FEL
Y ERE, g G THRAE, g
1.6.2 Tl
ABEA TR S BRI, W
X ) i,
DR=(M-Mp)/(t>-t) @)
X¥: DR: #H-FRREE, gfgmin); My: t B 244
FEAKRE, g/g; Mo 62T ERAKE, ge.
1.63  AKpnlz
FRE T4 I 7 2 T4 5.00 g, ZEHR E SRk
MR EK, EAKEE] S min, BUHET S min, I
FAMR K AR TP 2R H K 5y, FRE. SFRK 3 YAk
VAT, SRBCFEME. EKEARER ) 5,
R=M,/M, 3
KRF: R: AR, M, My F#HEKAT. BERE.



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

1.6.4 REIFH
R4 GB 8859-1988 #rifk, M FaEMIFMIL. (i,
JiL . XUV 4 A5 TSR VEAN 185 6 R B i .
RS I 1P,
R 1 PETRIEEITNER
Table 1 Sensory evaluation form of dried Pleurotus ostreatus
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Fig.4 Effect of microwave power on rehydration ratio and
sensory score of Pleurotus ostreatus
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Table 2 Microwave-vacuum freezing combined with dried
Pleurotus ostreatus experimental factors level table

T A 4 b3 B #%iﬁ‘&ﬁ \ C ﬁz
HE/W IR E% AR B JEl/h
-1 140.0 25.0 5.0
0 280.0 35.0 10.0
+1 420.0 45.0 15.0

%3 PEREE-HSORHATRLRGIHE

Table 3 Design results of microwave-vacuum freezing combined drying experiment of Pleurotus ostreatus

A5 A B C Y1 FREAKE Y2 ik & Y3 Kb Y4 BEAFH
1 0 1 -1 13.43 4.34 6.71 3.9
2 1 -1 0 227 0.33 2.89 5.9
3 1 -1 0 2.36 0.77 2.99 6.8
4 0 0 0 3.32 0.59 6.03 8.7
5 0 0 0 3.49 0.67 5.89 8.6
6 0 0 0 3.44 0.55 5.92 9.0
7 0 -1 1 2.45 0.19 3.69 73
8 1 1 0 6.63 0.69 4.19 7.2
9 0 0 0 3.38 0.61 6.08 8.6
10 1 0 -1 8.14 4.14 5.99 4.6
11 0 1 1 321 0.21 3.71 7.0
12 1 0 -1 7.39 4.01 4.86 6.5
13 1 0 1 2.89 0.47 3.19 7.2
14 1 0 1 3.89 0.29 422 6.6
15 1 1 0 4.28 3.39 4.92 73
16 0 -1 -1 7.68 4.49 2.69 7.4
17 0 0 0 35 0.61 6.19 8.9
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Table 4 Regression model analysis of variance

THRIR p A&
Y1 Y2 Y3 Y4
AEA <0.0001*** <0.0001%** <0.0001%** <0.0001%**
A 0.1659 0.0356* 0.0011** 0.0121
B <0.0001%** 0.2850 <0.0001*** 0.0031%**
C <0.0001%** <0.0001%*** 0.0003%** 0.0001%**
AB <0.0001%** <0.0001%** 0.0750 0.0645
AC <0.0001*** 0.6646 0.5937 0.0007%*
BC <0.0001%** <0.0001*** 0.0002%**
A? 0.0003%* <0.0001*** <0.0001*** <0.0001***
B’ <0.0001%%* <0.0001%*** <0.0001*** 0.0001%**
c <0.0001%%* <0.0001%** 0.0001%* <0.0001***
A’B <0.0001%*** 0.0971
AC <0.0001%** 0.0011%*
AB? 0.0003%* <0.0001%*** 0.0010%* 0.0049%*
AC?
BC? <0.0001***
PEDE 0.3451 0.1215 0.1798 0.5906

E: ARTFRE (p<0.05), **ETREF (p<0.01), **ETHEF (p<0.001).
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Fig.7 Effect of interaction between vacuum freezing time and
water content of conversion point on the moisture content of
Pleurotus ostreatus
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Fig.8 Effect of interaction between microwave power and water
content of conversion point on the drying rate of Pleurotus
ostreatus
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