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Optimization of Hot Air—microwave Combined
Drying Process of Shiitakes by Response Surface Method
ZHANG Hui' ,ZHANG Yu-ren', YANG Jia' ,PENG Jing' ,PAN Lei-ging', CHEN Ji-kun’, TU Kang' "

(1.College of Food Science and Technology, Nanjing Agricultural University , Nanjing 210095, China;
2.Yunnan Agricultural Product Quality and Safety Center, Kunming 650225 , China)

Abstract ; Hot air—microwave combined drying process was used to dry shiitakes in the current study.Effects of switching point

(dry basis moisture contents 2.00~5.00 g/¢g) ,hot air temperature (50.0~70.0 °C ) and microwave power density(6.67~33.33 W/g)

on the drying characteristics and quality of shiitakes were investigated.Single factor experiments combined with Box—Behnken

design was used to optimize the process parameters of hot air—microwave drying process. Effects of dry process on total drying

time,and quality of final products ( color, shrinkage, polysaccharide retention) were analyzed. Results showed that the optimal

parameters for this combined drying process for shiitakes were : Dry basis moisture content at switching point 4.20 g/g, hot air

temperature 60.60 C and microwave power density 30.00 W/g,and the corresponding drying time was 178.33 min( the hot air

was dried for 170 min and the microwave was dried for 8.33 min) , total color difference was 11.21, shrinkage was 65.28% ,

lentinan retention was 66.98% ,and the overall score was 0.145.This study suggested that the hot air—microwave combination

could be an effective drying method to obtain dehydrated shiitakes with high quality.
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Table 1  Factors and levels of

response surface experiment design
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Fig.1  Effects of dry basis moisture content at
switching point on the drying characteristics of shiitakes
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Table 2 Effect of dry basis moisture content at switching point on external quality and energy consumption of shiitakes

el s TR KE (/) 6,25 AE W3 (% ) AEFE (kW/h) 2K
5.00 14.52 +0.85° 79.54 £0.92° 0.53 £0.01° 3.02 £0.05"
4.00 14.23 £0.42" 76.15 +1.24" 0.75 +0.02° 2.98 +0.09"
3.00 11.28 +0.57™ 71.94 +1.57" 0.94 +0.03° 3.10 £0.13"
2.00 10.74 £0.24" 64.37 +0.79¢ 1.15 £0.03" 3.07 £0.03"
PN B 827 +0.92" 62.48 +1.37° 1.71 £0.04° 3.61 £0.21°
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Fig.2 Effect of dry basis moisture content at
switching point on the nutrient composition of shiitakes
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Table 3 Effects of hot air temperature on external quality and energy consumption of shiitakes

PR (C) 22 AE WG (% ) REFE(KW/h) oKk
50.0 1023 £0.31° 72.38 £2.03° 1.06 +0.01° 3.19 £0.12°
55.0 9.92 +0.49" 70.67 £1.45° 0.97 +0.03" 3.11 £0.09°
60.0 10.47 £0.62" 67.35 £1.15° 0.89 +0.02° 3.08 +0.21°
65.0 11.25 +0.52" 68.22 +1.43° 0.93 +0.02° 3.24 +0.12°
70.0 14.95 +0.46° 74.35 £2.12° 0.89 +0.02° 2.92 £0.15°
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Fig.6  Effects of microwave power density

on the nutrient composition of shiitakes
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Table 4  Effects of microwave power density on external quality and energy consumption of shiitakes
TR B (W g) {122 AE Wi A (% ) AEFE(kW/h) K (¢/g)
6.67 15.62 +1.84° 76.36 +£2.45° 0.90 +0.04" 2.89 +0.11°
13.33 11.81 123" 73.84 £2.03" 0.90 £0.05" 293 £0.21°
20.00 10.35 £0.48" 69.12 +1.57° 0.88 +0.05" 2.98 £0.01°
26.67 9.46 +1.36" 68.89 +2.33° 0.87 £0.04* 3.15 £0.16°
33.33 11.32 £+0.83" 71.89 +1.78" 0.87 £0.05° 2.90 +0.06*

218 20195 1441



@.‘ésﬂﬁ’f«il

- .
5 z fi ;h Vol.40,No.14,2019
5 MR AT R AR
Table 5 Experimental design and results for response surface analysis
J?% X](g/g) Xz(oc) X3(W/g) Yl(min> Y, @ﬁ Y3(%) Y4(%) ngi‘:éﬁzﬁ
1 3.50 57.5 23.34 212.50 10.74 66.25 62.66 0.099
2 3.50 575 23.34 221.33 11.01 66.47 61.09 0.080
3 3.50 65.0 30.00 162.00 11.88 64.94 62.09 0.109
4 4.50 57.5 30.00 160.33 10.72 70.34 64.56 0.132
5 3.50 50.0 16.67 293.50 11.79 72.65 52.25 -0.045
6 4.50 65.0 23.34 133.33 12.42 68.89 67.21 0.148
7 3.50 57.5 23.34 202.13 11.41 65.78 62.36 0.095
8 3.50 65.0 16.67 169.67 11.81 66.36 55.67 0.056
9 2.50 57.5 30.00 281.50 10.26 63.54 59.27 0.049
10 3.50 575 23.34 209.67 11.18 65.27 64.06 0.108
11 2.50 65.0 23.34 241.50 10.64 65.56 54.55 0.026
12 3.50 575 23.34 218.33 11.04 64.85 62.06 0.091
13 4.50 50.0 23.34 184.13 12.94 73.93 55.45 0.019
14 3.50 50.0 30.00 302.33 12.34 70.09 53.08 —0.044
15 4.50 575 16.67 156.17 11.57 71.28 62.92 0.11
16 2.50 50.0 23.34 392.67 10.62 69.47 50.44 -0.089
17 2.50 57.5 16.67 306.33 8.62 65.30 57.86 0.042
#®6 [MIHFEITESIE
Table 6  Variance analysis of regression equation
J7 2 KR T4:A ] (min) {422 AE Wi (% ) LW (%) AT
i <0.0001 ** <0.0001 ** 0.0004 ** 0.0004 ** <0.0001 **
X, <0.0001 ** <0.0001 ** <0.0001 ** 0.0003 ** <0.0001 **
X, <0.0001 ** 0.1551 0.0001 ** 0.0002 ** <0.0001 **
X, 0.5869 0.0482 * 0.0369 * 0.0419* 0.0679
XX, 0.0043 " 0.2365 0.5577 0.0349 0.6228
X, X, 0.2705 0.0006 ** 0.6686 0.9396 0.5986
X, X, 0.5178 0.2876 0.5543 0.0981 0.0976
X2 0.1458 0.0011** 0.0155 " 0.9174 0.7525
X3 0.0345 * <0.0001 ** 0.0013** 0.0001 ** <0.0001 **
X2 0.5582 0.0490 * 0.3291 0.1322 0.2090
J A 0.0845 0.7914 0.1567 0.1595 0.1782
R 0.9864 0.9808 0.9611 0.9609 0.9819

T FOREHICF,p <0.055 5 TRt R FH /K-, p <0.01,
BN, TR 1] S REAE AR AL T SL A — 3K, A5 E IR o
AL E R — 2, 4545 Box— Behnken A0 24 5 221t

8] ) — R Z2 3 [l Y= 5 A -
Y, = 212.79 - 73.51X, - 58.27X, - 244X, +

JEER , BEPR L ¥ T 3 S KGR X VHURUERLEE X, AT
WD X, = AR R FETE o RGBS T
PR IS, M FERaT A (Y )) (22 AE(Y,) (K 4E
Y, AR R (Y,) |, 3 B4 FR AR i i R AE R
Z R T IA — 4k, W A A AL EE R T 2 48 4n
LEA TSy, AR RN TR T IA] 0.2, £ 22 K IR 456 %
0.15 , Z W5 B 5 0.5, i3 2 A4 il )y 22
R g5 LK 5,

225 PE4 Y = —0.2Y,/392.67 - 0.15Y,/12.94 —
0.15Y,/73.93 +0.5Y,/67.21
222 [AIUHJFRR T 25 50T AR ZR 50 0 25 TR A 56
K Design— Expert $04:XF 25 7 2 n T 14,
13 H L ST R B KR AR IR T RS
TR E] e 25 (R R BRI B R R ARV 2

25.09X,X, + 7.25X, X, —4.12X,X, + 9.66X} + 15.45X;
+3.63X;

Y, =11.08 +0.94X, —0.12X, +0.18X, -0.14 X,X,
-0.62X,X; —0.12X,X, —0.54X} +1.12X} —-0.24X;

Y, =65.72 +2.57X, —2.55X, —0.84X, —0.28X,X,
+0.21X, X, +0.29X, X, + 1.42X] +2.32X} +0.47X;

Y, =62.45 +3.50X, +3.54X, +1.29 X, +1.91X,X,
+0.057X, X, +1.40X,X, —0.077X} -5.46X] —1.22X;

Y = 0.095 + 0.048X, + 0.062X, + 0.010X, +
0.0035X,X, +0.00375X,X, +0.013X,X, —0.00218X} —
0.066X; —0.00918X:

XIS B PR AT WM AT R (R 6) , K FE R
AR A b 58 ST M5 A S 2, 100 B i) 7 T 3 46 T A
PERS T BB AT A 5 45 R B P R B R (E R T
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0.9, UL 1 U 77 e X6 i U5 15 B A, PR S B
S EXUNEES A NESMETEP SN E 3

S M) AR P TR 23545 20 B9 PR 3R 5 TR Dy e
o T LT AR XGRS > T D) R, Hrp i
o 55T B B 7K R IR RE X T R I TR 25 5 PP 45
AR FER (p <0.01) o 2N {022 (1 P 2R T
TR B R AR > R D R > AR E
AR e 0 R S K R B 22 S AR 2 (p <
0.01) , flcip B 35 X Hs2 i i 2% (p < 0.05) o 521
WAz 7 5 149 PR 3R SR AP Shy Bt 4 i T 5 7K 3 > BUXL
MR > (e ) A% B, JH: v B 4 a0 1 1k 35 7K ORI A
XU JEE X WAL A4 38 AT B J 25 520 (p < 0.01) |, fledble Dy 5
X HAL AT WL (p <0.05) o FEm ZHE LR B R
B PR 2R U g FROXIR S > 4 i 3R KR >
ol Ty <4 BE , G v R XL B2 R 37 4 a1 ik 5 Kk
X ZZ WA BE AR 252 (p < 0.01) |, I Dy 5 5%
JE X} HAT W35 5200 (p <0.05) ¢
223 ZEHAEHHT 535 RE BE AR ip A —
R TR AF 2N 55 AP P Z A R AR R, DL [
7~E 10,

: 65.00
(Y"%ﬁ? 1,50 59000
o 3 400 56.00 ?;(’C\
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Fig.7 Effects of dry point moisture content

and hot air temperature on drying time
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Fig.8 Effects of conversion point dry basis moisture

content and microwave power density on color difference

Tl i 5, R 7K SRR R XU JBE X A ek ] i) 52
HARRMRE (p <0.01) AN 7 Fros , gt a] ft 5%
A8 15 K SRR XU BE B T v T R ARG . A 6
TR AR T 3R X 28 AR (32 5 AR
B3 (p <0.05) , 4nf&l 8 o, (22 e i 3 5K
AR R ) 35 P Y R AR T Rl o e i T R 5K
FRFNFRIAR T Z2 WP B R B9 2 BAE AR 3 (p <
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Fig.9 Effects of conversion point dry basis moisture

content and hot air temperature on polysaccharide retention rate
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Fig.10  Effects of three factors on the comprehensive score
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224 ZEEVPSFEAESZE:  FIH Design Export {4
STER AV B KB, 79 21 265 $OR D B A T 05
FYI AL T 2 55 M e R TR B /KR 4.19 g/g, #1URL
IR 60.64 °C, fI U %% 5 30.00 W/ g, 4514 T 45
BV A 0151, SR B S8, BUR # i F 5E
K 4.20 g/g, #RIE BE 60.6 °C, {3 I o 3R %5
30.00 W/ gilt A 738k , A5 45 A 18] o4 178.33 min,
P 2E S 11.21 R4R 3N 65.28% , ZHEIL B R
66.98% , L5 TESY HF 0145 45 R UL 7. SiFH5
MAE IR 2ZE/INTF 4% , LA T2 S8 17,

w7 MRS,

Table 7 Results of response surface optimization

ST NI O SIS
sk TURE e s
(¢/g) (W/g)
W L& 419 60.64 30.00 0.151
g e 4.20 60.60 30.00 0.145

3 #Hig

ZRBIFFE LT B R 2R R i) . T 6 %o 7 gl ARG
PG TR T A S AT A, 3R 98 T AN Rl i e
R T IR K R BRORUIRL B R (i L) 3 5 BE X 7 4k T
PRAFVE S BRI SE I o R DL T A S BOR  4e  T
KA 420 g/g, XU E 60.60 °C , i Py 3% B
30.00 W/ g, 5 AF T 19 T4 A (8] 2 178.33 min, 7
0,22 S 11.21, I 4 %k 65.28% , Z B R B % h
66.98% , 255140 0.145 DA 45 2R UE G o i ik
R~ TR IG5 M T A DA JBE i T R e 1) g
it b A7 A v il BT Y T A s, AT SR A s AU
PO 53 BB A T T 25 Ay o B it
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