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Process optimization of vacuum-frying combined with vacuum-microwave

drying in producing shiitake mushroom chips

/EE%\)%ELZ,S XB %1,2,3
REN Ai-ging"*® DENG Shan"**

(1. BN 2B i S5 A8 TR B, T B
JPE B

AR
TANG Xiao-xian"*?

54289952, BN 2A B¢ I P R B AR o RN AT FEAA /I e
54289933, BN A BE B b B2 5 TREHORBTSEBE )70 B

ST A

DUAN Zheng-hua'**

542899)

(1. College of Food and Biological Engineer, Hezhou University, Hezhou, Guangxi 542899, China ;

2. Guangxi Talent Highland of Preservation and Deep Processing Research in Fruit and Vegetables .

Hezhou University . Hezhou, Guangxi 542899, China; 3. Institute of Food Science and Engineering
Technology, Hezhou University, Hezhou, Guangxi 542899, China)

WEAAAZHE  AZTHAKSTRAKRSTFER
RBATT TR E DL RMHRATT AL, BRAN,
HERK AT B AT HERSTRREIEEHA
Wm¥ER A 80 CLA X A 0.095 MPa, b Y 8 4] 18.6 min;
Wk A% JE 0.095 MPa, # ok 2 & % £ 2.0 W/g. Bk 2
BRE SV, KA T AWM A A A 15,180 . 8k
FH A 710.35 g, 5 FRAA (15.09 % 4= 704.91 ) 4 43k,
LARMMEAERA AL KETRZRHEARST
5.93% .42 A vk BT 29.79%, A E RS H M T
11.38%.

KGR AW IR AE b ME e @ 5 Ak

Abstract; Vacuum-frying combined with vacuum-microwave
drying was used to dry shiitake mushroom chips. and the process
parameters were optimized. The results showed that the critical
factors selected for the investigation were fried at 80 °C for
18.6 min, with vacuum pressure 0.095 MPa, and then dried with
microwave vacuum degree 0.095 MPa, microwave power density
2.0 W/g, and dehydration to moisture content of 5%. It was ver-
ified that the experimental oil content and breaking force of prod-

ucts under this condition were 15.18% and 710.35 g, which were
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close to the predicted values (15.09% and 704.91 g). Compared
with vacuum-frying, the breaking force of shiitake mushroom
chips of our combined drying increased 5.93% , and oil content
decreased 29.79% , with the sensory score increasing 11.38%.

Keywords: shiitake mushroom; chips; vacuum frying; response

surface methodology
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Figure 1  Effect of vacuum frying time on the breaking

force of shiitake mushroom chips
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Figure 2 Effect of vacuum degree on the breaking

force of shiitake mushroom chips

9001 . TS 2100
o —a— RE S 00 £
T 800f 3
= :@
RE 180 = o
£ 27000 S
Bz 170 B
[ L 2]
& 600 160 (;
500 ‘ ‘ ‘ 50

?%iiﬁIﬁ2$%§

Microwave power density/(W « g™
B 3 Bk REEAEENR S e BB R
Figure 3 Effect of microwave power density on the
breaking force and sensory evaluation of shi-

itake mushroom chips

x2 MEEEZERKE
Table 2 The factors and levels for RSM of shiitake

mushroom chips

XoimkEm i/ Xof A/ Xefd B o % i/

K
min MPa (Wegh)
-1 15 0.095 1.0
0 20 0.085 L5
1 25 0.075 2.0

167



168

F % R B DEVELOPMENT &. APPLICATION

B 228 81 | 2020 £ 10 A | RéSH

3 MEERKEZITEER k4 BEERFABMBFESN
Table 3 The results of response surface analysis of vacu- Table 4 AVOVA of fat content of shiitake
um fried-vacuum microwave shiitake mushroom mushroom chips
chips FEKW  CPHM FHME By FfL P
R X, X, X FE/ N W /g 7Y 59.68 9 6.63 464.99  <<0.000 1
1 —1 0 —1 13.58 875.22 X, 52.94 1 52.94 3 712.63 <C0.000 1
2 1 1 0 18.25 681.25 X, 1.41 1 1.41 98.96  <<0.000 1
3 0 0 0 16.35 705.34 X; 3.18 1 3.18 222,66 <<0.000 1
4 0 0 0 16.28 708.05 X, X, 0.38 1 0.38 26.52 0.001 3
5 0 1 —1 17.05 750.18 X; Xs 0.62 1 0.62 43.21  0.000 3
6 —1 0 1 13.06 820.26 X, X; 0.15 1 0.15 1039 0.014 6
7 0 0 0 16.25 715.25 X3 0.16 1 0.16 11.31 0.012 0
8 0 0 0 16.34 710.16
X3 0.79 1 0.79 55.68 0.000 1
9 0 1 1 15.45 712.47
X3 0.10 1 0.10 7.16 0.031 7
10 1 -1 0 19.86 T2B.B6 e
e i 0.09 3 0.03 14.29 0.133 0
11 1 0 —1 19.65 740.48
5k 2% 0.10 7 0.01
12 1 0 1 17.56 632.39
HinZ 8.52E—003 4 2.13E—003
13 0o —1 1 16.52 754.25
_ BB 22 59.78 16
14 0 0 0 16.35 717.24
15 -1 -1 0 14.24 858.65 T R?=0.998 3.
16 0o —1 —1 17.35 765.72 %5 BEBAWEATEZNG
17 ! ! 0 13.86 783.85 Table 5 AVOVA of breaking force of shiitake

2.2.2 MERVAGEENT ROT AT A BT AR 3 45 R 2 X
B Y ) R (Yo i TR £ 55 2805 5 74 51 A
Y, = 16.314 — 2.572 5X, — 0.42X, — 0. 63X, —
0.307 5X,X,— 0. 392 5X, X, — 0. 192 5X, X, —
0.195 75X%+0.434 25X%—0.155 75X%, (1
Y, = 711. 208 — 63. 125X, — 22. 466 25X, —
20.278 75X, +6.797 5X, X, —0.782 5X, X; —6.56 X, X5 +
42,938 5X5+9.006X% +25.441X%, (2
SHZBEARL AT 220 M R L F 4.5, R 4 A
1, BHAET ) P<<0.000 1, R B %5 A A5 & 2 |1
XREERE, RPURET P>0.05, K 52, 30 %88
WEMITE DA EF. XX X XX X0 X Al X3
ot ¥l R W A B 2 (P<C0.01) 5 X, X L XTI X5 7 il 3%
R BB 2 (P<C0.05) s BE R AH 5C R4 R =0.998 3, K W%
15 7 B 5 0 45 R BOA B i B A R W DL O R
e 7K B i 2 5 il A I RD LR I R A R R U T R R
] (4 % %R
H13E 5 A1, B AR 9 P<C0.000 1, RUIWEWE 51 5
AR 22 A 56 AR e R L R BIR 22T P>0.05, K
VR IBE R 5 22 AR B/ s X0 (X WX (X XS X A
R MR L (P<T0.01) , H A 350 3 A8 B 35 s B U AH ¢ &
R =0.974 5, F W EIH iy F2 5 086 25 1 B A B4 v
A B AT DA 5 R 2 Ak W 5 il e B el s
FNIRE Dy e B Z I IR D6 2R o

mushroom chips

FEKW FHEM AmE B F {4 Pfg

F 7 51 262.55 9 5695.84  29.76  <C0.000 1
X, 3187813 1 3187813 166.53 <<0.000 1
X, 4037.86 1 4037.86  21.09 0.002 5
X 3289.82 1 3289.82  17.19 0.004 3
X1 X, 184.82 1 184.82 0.97 0.358 5
X1 X5 245 1 2.45 0.01 0.913 1
X2 X5 172.13 1 0.90 0.374 6
X1 7 763.01 1 40.55 0.000 4
X3 341.51 1 1.78 0.223 4
X3 272524 1 14.24 0.007 0
el 124172 3 413.91 16.85  0.098 0
%= 1339.94 7

iR 98.23 4 24.56

M 52 602.49 16

t R?=0.974 5,

2.2.3  WRBLTZp AT 4 AT 7 A6 RO R Y L A%
ih R A /AL BB A B s S
SR I3 [0 L TG B O P 4% A e 2k s DX 6 A
(GRS e 3 s N A5 P T o = TV
Dok e L R BRI Dy 25 % X 7 o i 5 R D 5
B ) 5 BB L s B il A B I AR T 3R BE Y )
MY TR 52 A I A 55 9000 3 o e ] g9 8 T T R L 7R i R



&M | Vol.36, No.10

Y10 FEL A AT A SRAG 5 1 0 g /ME Y
ol 5 AT, & R 2 HAR AR . o s
J3E 5 e T 3 4 R 14 ) O b T AR A O L 4 R R R
TR T3 7 Al 15 2 AR /DN 50 1 B0 L s R P R e o o o
X7 ity R AR 7 58 0 /N i e T () 7 6 9 R P T L3R
T 1 0 der /MBI R

2.2.4  WRUESEHY  HOMR IR BT AT B IR B AR B A 2 A
JE A AE R A] 10 min, i B 45 0.088 5 MPa, 3 %

TR E 2.0 W/g, W &MT & 46N A0 & a8
13.10 %4 AR T3 2k 811.76 g W ) /NIl 4E S 0 B

25 I KE R[] 26.6 min., f8k 45 B 0.095 MPa. fil i o %
B LTT W/ A N E NG A I SN 17.11 %,
WEHE )N 671.92 go N 3RAR & I R B AR BE B ) 8N
7 4 16 i o B Design Expert 8.0.6 4387 84 47 5048 4
BT+ 45 B a5 fF 45 1 O 05 il A B (8] 18,6 min, 3 ipl L 25 &
0.095 MPa f I T % B 2.0 W/ g, A5 AL T 1) 45 4
Wi R il Ry 15.09% BEFEJ1 2 704.91 g, RTERAETZ
FAF AT RAUESL IS (0 =3) M B A5 1 N HEEME R B0 &
A 15,18 % ERE J) 2 710.35 g, 55 T (E L B 4500

EEFS BERAEZHE—EASREBETRIZAL

WL 2R T A 8 Mg e S
JEMER AT
2.3 TEMIFEMEERAMREEER
13 6 T, 5 02 Il K AT G o A i — A
B T 08 7 2 G A P R D B T (R M R AIRD 5,93 04
EE R AR T 29790 0A TR & T & &M 1 L
L BEIE N T 11.38%, SEBR b i 8 7 B AR X e
JERCE AT B B R R B S TR T Tl
(6] o BATAT 42 T 777 il B €8 0 L R AR T 8 T L 800 Tl IR

i HE— RO B A T R

S BT AR A S BT A R A A B
BT H= M.
3 ik

X FLZS R — A AR S TR A i e e 2k

T TG Ak KA R R A TR Dl R R !;Z
80 C.H2Z3F 0.095 MPa. Jl ¥R} [A] 18.6 min; fi I B =%
J£ 0.095 MPa, i3 D F % & 2.0 W/g, K & & K%
5%. WA FIENE A M & ah %R 15.18%  BETE J1 N
710.35 g, 5 FMI{E (15.09 % F1 704.91 @) LI . 15 1

% g M E W 2
g z E 2 :; g
g S~ = ~ s
“ 2 ¢« &g
1.0 0 5 1.0
C 1 0.0 ¢
: — a\ ).5 Z0.5 w7
i3 0571 0-1.0 0. 5(“&{ \\\Xi‘\? P'»%I - -1.0 -1.0 T i aeu®®
\)
: Fryioe Sit Nact
Ca) TMHEFA] Y I02s i (b) {H-Ikﬁ ] 5 2y e () FLASFESIIR%E
B4 mETREAERNTESHE R EEE
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Figure 5 The surface of breaking forces of shiitake mushroom chips
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Table 6 Quality of shiitake mushroom chips by different processing methods
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