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1.Cyclone separator  2.Spray bed drying oven 3.Wind speed sensor
4.Heating tank 5.Blower 6.Control cabinet 7.Temperature sensor 8.Infrared
radiation plate
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Fig.1 Structure diagram of infrared spouted bed
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Table 1 Factors and levels of the test
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1 60 65 80
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Fig.2 Effects of early wind temperature on specific power
consumption and crude polysaccharide content of lentinus edodes
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Fig.3 Temperature curve under the condition of early wind
temperature
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Fig.4 Effects of early wind temperature on shrinkage ratio of
lentinus edodes
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Table 2 Effects of early wind temperature on color of lentinus

edodes
B = e T8HE o W b o *
Hﬂﬁﬂﬂ.ﬁm B L 54 a WEHE D P C
Early wind . »  Red/Green Yellow/Blue *
.~ Brightness L * « Colorfulness C
temperature/‘C value a value b
40 66.45+0.08° 5.55+0.84° 18.40+0.79* 19.22+0.99*
45 67.78:0.02°  4.63+0.03°  18.16x0.07"  18.74+0.07°
50 69.44+0.02°  5.30+0.03™  1820+£0.05"  18.96+0.05"
55 69.70£0.02°  4.93+031%  18.27+1.05°  18.93+1.08"
60 68.12+0.11°¢ 4.49+0.01¢ 16.910.06 17.49+0.06°

e RS FREAFR R EREE (P<0.05) , TH.
Note: Different letters in the same column indicate significant differences
(P<0.05). The same below.
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B L R T A AT, SR RE 70 COk Bl R E
10.44 mg/g, =T 17 HXIR 60 “C i RME 9.33 mg/g.
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B, ARIT TR E R R, 2 WBER
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Fig.5 Effects of late wind temperature on specific power
consumption and crude polysaccharide content of lentinus edodes
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Fig.6 Temperature curve under the condition of late wind
temperature

B 7 figk 3 Won 7 AR A s L A
SR, LRI T Rl T o, R 2B
THE FREREH . BN 75 CH, FICSERONH T,
ik 88.89%, BLIN HME AT KAE 19.93, UEHAELE & A4
—EFRRE I N, RS RN T BRI T A&
RABEMR, S EIEARS, SEaRmE, HZE
FE (P<0.05) . BIRSERA T INRTEIER, FFK
ReHE, (HIRE I M WA R 4 A T RIFIRES
& E TR, AR R A e KR P, 4r P g FL
B th B!, IR R AW K. B TR A R
DU Zh FPIRAS IR (R T R, TR s —
EFEE &L T o s kAR e, ARSI e %
R ARG EESOMFEN TER T2, AALRERE S
PR, A REEEL 70 CHENBAR K3 TR 5. 1E
LR FRE T, 70 CHRURSE RN 86.57%, L{H N 68.42.

90r1
881

o®
N

Wi %
Shrinkage ratio/%

[*J

-

x®
=3

oo
[}

60 65 70 75 80
Jii ] X Late wind temperature/ 'C
B 7 e BRGR A A Y 5 4 Rt
Fig.7 Effects of late wind temperature on shrinkage ratio of
lentinus edodes



519 Bt 85 HuorBORIRAANSIEIR TR L ZSH 297
R3 BHRENEREGRFHME 60r

Table 3  Effects of late wind temperature on color of
lentinus edodes
TL4HE o

JE SRR [y

Late wind 7 G L +  Red/Green Yellow/Blue R C *
.~ Brightness L * = Colorfulness C
temperature/‘C value a value b
60 71.83+0.02°  4.81+0.05°  16.01+0.07°  16.72+0.06°
65 70.46+0.02°  5.24+0.08°  17.70+0.04°  18.46+0.01°
70 68.4240.23°  4.56+0.03'  16.65+0.05°  17.27+0.05°
75 66.69+0.01°  5.44+0.41*°  19.93+0.56"  20.66+0.54*
80 65.45+0.02°  5.1940.03°  17.93+0.03°  18.66+0.03"

2.1.3 SR ESKEINFE TR0

HIE 8 AT, PR REFE BE FE 4 2 KR 1 3G K7
R, R A SR RPN G R . RERT
IR 50 °C, JEEARIESN 60 C. S0k
KRR, R E R R 4o 5 BRUE 60 °C, #EH 5 1
T T A5 S B R R, B REFERE 2 I IZ T R
A, TR AR 2 4650 . PR /K o0 78 T gad 72 v
F B JEAT AN BORT N 5, 9 R T 22 R Rl PR 1
IR NI ST R 5 W 35 REFERD T8 R 2. #4005 K
RS, RS XGRS fa) e,
B N TR G 2R AR R, 0 2 A /N
O TARERE, MR R ERLLDEY, RS E
TR AR S SRR 55%, MRS ELTRAME
10.26 mg/g, MLJEBEEF ik SRR R, HEsER
Ko TEREH S5 KEN 55%0F, 5 60% 5 65% KI5 sk
BRI L, TR 0T KGR TR (A 5 T,
AR A ) K AR B, 7R OIS T o] RERL 2 B
BTG ENZ, FHEEE . DMK T
()7 s B SRR 4 S 55% N 5 R R (R B LT o o EL R
BEPIRARE-ASBA TIREESIRETZEAMET
FIATREREN 345.01 kI/g Foitl e bt -t - 21 A Gl B xok it
T-HEYIRL T 15 BT REFED Y T AR IG5 B B s B
B KNAA 261.05 kl/g, ZLAMBESNIR BT il F a4
LLAMNB AR T 2 B KA 13% LRIy, HB &KA
260 min, b= BEABON A S AE T AEHTEN K
FHRE T POXUT I B B4 VAR T JE 20 4 2 i TR R
BT R0, A R F 5 Q47 0 TR
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Fig.8 Effects of water content at conversion point on specific
power consumption and crude polysaccharide content of
lentinus edodes
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Fig.10 Effects of water content at conversion point on shrinkage
ratio of lentinus edodes
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Table 4 Effects of water content at conversion point on color of
lentinus edodes

Fi A K #R * *
at (;(;Iilr\l/te/l;zon Brightness L value & value b* Colorfulness C
40 69.2540.020  5.1140.03¢ 17424003  18.1620.04¢
45 69.64£0.03¢  5.40£0.03°  18.58:0.03°  19.35£0.02°
50 70.68£0.01°  5.43£0.03°  18.93£0.03*  19.70+0.03%
55 71.75+0.12%  4.50+£0.04°  16.73:0.01°  17.33+0.01°
60 69.89+0.02°  5.40+0.03°  18.58+0.03°  19.35+0.02°
65 69.52+0.02°  530+0.03°  18.21+0.04°  18.97+0.03°

LR SURSIE SR A SO B A S 54 L
4 S KRR IR T e, (EAE 5 W XU N TR
() Bl i B G T (A, By KA SR s B AR AR
R, DR B KRN 55% I EIEIME 16,73, 5k
PEN B ERS. AR LEII0 T P AL o Tl
Fe ARG oy B BE A T IR B T S A, A 55850
PRAGE A 10T 1807 20 Bh F el R (. Ids R AE
et f 5 KE 50% N I8 B fe KAE . A 18 B 4 i B 7K 3R
REEFFFE I RS, W mmEd A& KRS SHE
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W RGR TR TR, A i S5 A BRI AR, B AR
BUOKIIBEST . SREHRE, L S5%F R &5 KRN
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2.2 IO EMLIKIT
2.2.1 A iRER R i e = )2 oy AR B AT

e et P R T 2 BT TS0 R, (4D B e B /K3 (B)
AJEMIRGR (C) 3 DMRFXTRALRERE. HER SR, 5T
J§ LERST R ML VPME, IFT IR BT, &

261835, RN PAE<0.000 1, 7&HIZMALRE R T2 m,
SAWIR Fy N 0.34, XL P AE Y 0.799 8 (P>0.05)
RPN G2, FHRIIR RN AL REFERN)H 5 2
R*°50.998 9, i WALAFEIE ] 99.89%, fEHLFHb T &
REBERE; MIZ WIS B LE LI R M R ¥IRA 0.993
PLb. Bbsh, Bk 6 183 3 MRS 20 B RERE 152
W E R BOARGE (4) . s EKE (B) o AR
THEEE (O) H C>B>A; W Z RS BRm M ETCN

W5, A C. B H A*>C*>B*; W LMWL B,
B 6 FlH, SPALREFERIATRMRENE FEAN  C. 4 HA>B XHREERIEmMEICHN C. A\ B.
x5 MEERERITSER
Table 5 Design and results of response surface test
e WWDUR  EBAGAKE R NAR LA MZWER  pop . WE  GAWHE
Test No. Early wind Water F:onteqt at Late wind Spemﬁf: power . Crude polysacchinde Brightness I Shnpkage Comprehensive
temperature 4 conversion point B temperature C consumption/(kJ-g") content/(mg-g™) ratio/% score
1 0 -1 -1 223.28 9.53 68.7 86.25 —-0.32
2 0 0 0 152.71 10.24 67.22 86.28 3236
3 0 1 -1 185.88 9.09 64.02 92.24 —-13.53
4 -1 0 -1 236.67 8.05 67.35 86.57 —34.92
5 1 0 -1 141.95 9.1 65.69 90.76 10.72
6 0 0 0 152.36 10.22 67.01 86.32 24.28
7 0 -1 1 185.17 9.43 68.12 85.21 7.92
8 0 0 0 153.71 10.33 67.19 86.26 3337
9 0 0 0 151.71 10.36 67.25 87.31 3334
10 1 0 1 177.9 9.12 69.44 783 24.21
11 0 0 0 151.71 10.2 67.23 87.33 28.52
12 -1 -1 0 210.55 8.98 67.46 82.58 —6.4
13 1 1 0 151.18 9.43 65.4 82.22 17.44
14 -1 1 0 142.65 8.5 67.74 91.23 9.98
15 -1 0 1 147.56 8.93 67.58 88.33 15.53
16 1 -1 0 135.28 9.18 69.87 86.51 31.07
17 0 1 1 170.73 9.87 68.56 82.69 22.78
Fo6 BistREVASE
Table 6 Single index regression equation
RANT REIEHE R
ik HELT R Fii P Lack of i .
Index Simulation equation F value P value Fyfl Pyl cocfficient of
Fiyvalue  Pirvalue  gotermination R
$ﬁ§éﬁ Y1=152.44-16.394-12.98B-13.30C+20.954B+31.274C+
Specific power 5 TABC—3.894%+11.36B+27 46> 261835 <0.0001 0.34 0.799 8 0.998 9
consumption
e iy
polyscal;llc(ilearide ¥>=10.27+0.304+0.20C+0.184B-0.214C+0.22BC—0.964°-0.28 8°~0.51 C* 40.01 <0.001 2.70 0.180 4 0.995 4
content
Brii%eés = Y3=67.18-1.058+0.99C—1.194B+0.884C+1.28BC+0.304%+0.14B8° 28.48 0.000 3 1.49 0.365 1 0.993 8
i Y,=86.70—-1.364+0.98B-2.66C—3.244B~3.56AC-2.13BC—0.844" 9.58 <0.000 1 4.01 0.106 5 0.996 6

Shrinkage ratio

MR 7 Jl, VAGEE VR EAmBNAE, 2dilE615
B[\ 97 2. Y =30.37+12.414+0.55B+13.56C—7.504B—
9.244C+7.02BC-8.844°-8.51B*~17.65C*. %M F
fHH 36.19, P<0.000 1, FEBIAIMEE . BAK R
E R R=0.984 5, RWHARBEINLEETETHES
WA SR ms:, HEEAERE RN

R*44=0.964 7, RIGMEH 96.47%RE 58 4= Ml R TMIA
HA 3.53%ANBEZ A 1 TS AR DT B AL M
F R T35 WIRGE (4) .« A5 KE (B) MG
WA (O X EFHLE MmN ERAN C. 4. B
H C>A>B, &ML HAEREW K EXN AC. AB.
BC.
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Table 7 ANOVA table of comprehensive score regression equation
JTEAH Fom HWE BT p ey
Source of variance Sum o cgree o Can - rvalue P value
squares freedom  square
17 Model 5605.28 9 622.81 36.19 <0.000 1
A 1231.32 1 1231.32 71.55 <0.000 1
B 242 1 242 0.14 0.018 8
C 1471.26 1 1471.26 85.50 <0.000 1
AB 225.15 1 225.15 13.08  0.008 5
AC 341.51 1 341.51 19.85 0.0030
BC 196.98 1 196.98 1145 0.0117
A 329.00 1 329.00 19.12  0.0033
B 305.07 1 305.07 17.73  0.0040
c 1311.60 1 1311.60 76.22 <0.000 1
%% 7 Residual 120.46 7 17.21
SAUI Lack of fit 58.17 3 19.39 1.25 0.404 2
4% 7 Pure error 6229 4 15.57

S 2 Total dispersion 5 725.74 16
ZH Coefficient  R*=0.984 5 R%,,=0.964 7
E: P<0.01 FORZER M
Note: P<0.01 indicates extremely significant difference.

2.2.2 TEAEAMRAEBE

A IR 4 BT R S AR AN A FE AR B L AL 5 SR
£ 8 Fin. HELLAIMBENIR TR 45 A fabr b T2
e BOARGR 56.37 'C. ¥ S EKE 52.52%. 5 i
K 72.36 'C, LB ZEEVEE R 35.63. NFHEIALE
BRI AT P K D04 T2 S50 B R - 1/ X 56.00 °C .
e B KER 53.00%. SRR 72.00 C, 7EIL&AF
NHEATIEIRLS, 15 2SR RERE Y 143.52 ki/g. L2 HE
& 9.98 mg/g. FLSE LYH 68.11. 4% 83.15%, %4
GV EN 3537, STHMEIL G L 99.27%, AHXT
WELN 0.73%, £ L% % e k8] R BS91E
AWM TESHRERES, BEGEHLIBIRT
T2,

xS IBIREIVAFEMALER

Table 8 Index regression equation optimization results
LEZSHMAAE flbgt R
| Optimum combination of process parameters The optimization results
Indoxcs category DR BEBEAAE RN AR MEfalt  sEL WHE  GAWAR
Early wind Water content at Late wind Specific power Crude polysaccharide Brightness Shrinkage Comprehensive
temperature/’C  conversion point/% temperature/'C consumption/(kJ- g'l) content/(mg- g'l) L ratio/% score
40.39 62.76 79.59 133.72
ek 51.39 55.64 71.79 10.31
Single index 59.94 45.02 71.02 69.94
58.72 64.36 79.79 73.80
KL
Comprehensive 56.37 52.52 72.36 143.79 10.00 68.08 84.71 35.63
index
3 (2] JAff, 5, #H. FrEaiiMELZRR]. B4 AR, 2020,
=

ARIG LA RERE . MRS R, =E LA
RN SRR RZEA 3BT R 5 38 55 K R 5
PR X 7 46 LT AN B R TR R . TR SRR RS S
AT AP B R 07 A B REFRE . TR [A) S ks
FERA R ERET M, 58— 07 LA B S
T U, BA— MRS, Smm s+
T 2R 56.00 C. B4 iS5 7K 3R 53.00%- & i
Kl 72.00 C, 1% T2 N RAIREFEN 143.52 KI/g M Z B
£ 9.98 mg/g. FEFE LUH 68.11. WLZER 83.15%, Zier
PEOMEA 35.37, STMMERILEG B EIA 99.27%. KB
A T & — LU ARSI R A5 s AT T, 7B — R
AR T RERE RS T T TR AL, AR T o
TR T2 BRI IEIAT AR TR, US55 ] & 1)
RIBHAH, NEETH AR R RS A

5 % % W)
(11 75, Z/NL, BIOE, 5. &4 2 PERPUHR A/ AL
WFFEREET]. FFEZy, 2019, 50(6): 1499-1504.
Su Chang, Li Xiaojiang, Jia Yingjie, et al. Research progress
on antitumor activity of lentinan[J]. Chinese Traditional and
Herbal Drugs, 2019, 50(6): 1499-1504. (in Chinese with
English abstract)

28(6): 461-465, 469.

Zhou Wei, Ling Liang, Guo Shang. Overview of the edible
and medicinal value of lentinula edodes[J]. Edible and
Medicinal Mushrooms, 2020, 28(6): 461-465, 469. (in
Chinese with English abstract)

B3] fEex, WRaE, JiARER, 5. FHRJ7 26 B XK 5 5%

W LR ], B S AR B R, 2019, 10(15):
4877-4883.
Hou Hui, Chen Xin, Fang Donglu, et al. Research progress
on influence of drying methods on flavor compounds of
edible fungus[J]. Journal of Food Safety and Quality, 2019,
10(15): 4877-4883. (in Chinese with English abstract)

[4] AT BE, GEFE, & ASFRFET 200k

e, TR S MBS R[], &R,
2021, 42(17): 76-83.
Zhou Zidan, Peng Wenjun, Ni Jiabao, et al. Effect of
different drying methods on color, phenolic acids and
antioxidant activity of rape bee pollen[J]. Food Science, 2021,
42(17): 76-83.

[51 XEHE, ZEl, EMHR, & 8 MR LR
FRHERTIC[T]. AL EH, 2021, 52(4): 342-350.

Liu Yuhui, Li Tengxun, Wang Xiangyou, et al. Optical



300 Lk TREZH (http://www.tcsae.org) 2021 4
properties of carrot slices during infrared drying[J]. and quality changes of rose subjected to infrared assisted
Transactions of the Chinese Society for Agricultural spouted bed drying[J]. Transactions of the Chinese Society of

(8]

(9]

[10]

[11]

[12]

[13]

Machinery, 2021, 52(4): 342-350. (in Chinese with English

abstract)
RRFE, EIRTE. hRER LA BT REE . B
BN BT R AE TR R A (7). & DR, 2021,
42(12): 39-45.
Liu Qiling,

medium-wave

Effects of short- and

drying

characteristics, nutritional quality and antioxidant activity of

Wang Qingwei.
infrared radiation drying on
mulberry[J]. Science and Technology of Food Industry, 2021,
42(12): 39-45. (in Chinese with English abstract)
Fakhreddin S. Recent applications and potential of infrared
dryer systems for drying various agricultural products: A
review[J]. International Journal of Fruit Science, 2019, 20(3):
1-17.
RAJET, PMEZ, HRH, & ASETERT7 200 & 5 i 5
SOMALT]. AR AN, 2017, 423(1): 115-117.
Zhao Xubo, Sun Zhenghong, Tian Yang, et al. Effect of
different drying methods on the quality of nushroom[J]. Farm
Products Processing, 2017, 423(1): 115-117. (in Chinese with
English abstract)
KIUH, AFTBR, BrEE, 55 MBS TR
MAH[VOL]. &5 REE T, 2021, 1-11 [2021-06-20].
https:/doi.org/10.13995/j.cnki.11-1802/ts.026575.
Zhu Kaiyang, Ren Guangyue, Duan Xu, et al. Application of
infrared radiation technology in drying of agricultural
products[J/OL]. Food and Fermentation Industries, 2021, 1-11
[2021-06-20]. https://doi.org/10.13995/j.cnki.11-1802/ts.026575.
&R, Brsk, AE77ER, A WIBIRAEAR S iR b e
TR, &S kBT, 2021, 47(4): 275-283.
Hou Zhiyun, Duan Xu, Ren Guangyue, et al. The progress of
the utilization of spouted bed in drying of agricultural
products[J]. Food and Fermentation Industries, 2021, 47(4):
275-283. (in Chinese with English abstract)
Thanthong P, Mustafa Y, Ngamrungroj D. Production of
dried shrimp mixed with turmeric and salt by spouted bed
technique enter the rectangular chamber[J]. Journal of
Physics Conference Series, 2017, 901(1): 1-4.
Gor, BEE, ATSTER, S LA—WEBIRIR G TR I
H5HHTT]. BRSSP, 2021, 37(2): 119-124, 129.
Ma Li, Duan Xu, Ren Guangyue, et al. Development and
analysis  of
equipment[J]. Food & Machinery, 2021, 37(2): 119-124, 129.
(in Chinese with English abstract)
Bk, K, AE)TER, SF. BORAEMRLL NS R R
B AR [T]. Aol TAEE3), 2020, 36(8): 238-245.
Duan Xu, Zhang Meng, Ren Guangyue, et al. Drying models

infrared-spouted bed combined drying

[14]

[15]

[16]

[18]

[19]

[21]

[22]

Agricultural Engineering (Transactions of the CSAE), 2020,
36(8): 238-245. (in Chinese with English abstract)

EHI, REKR, ERLA, 55 REFE TR LE
R[], hERYLER, 2021, 42(7): 76-83.

Wang Jiaoling, Song Weidong, Ren Caihong, et al. Research
on the drying progress of lentinus edodes in China[J]. Journal
of Chinese Agricultural Mechanization, 2021, 42(7): 76-83.
(in Chinese with English abstract)

X, BAKE, BN A B TREORE TR, &
FHEMIL, 2021, 39(2): 37-44.

Liu Jing, Weng Xiaoxiang, Xi Xiaobo, et al. Research
progress edodes[J].
Packaging and Food Machinery, 2021, 39(2): 37-44. (in
Chinese with English abstract)

TRABE, AETTER, BREE, & 4B HGE—AIRE T
BT EMRA[T). 'S kBT, 2021, 47(1): 198-205.
Zhang Yingmin,

in technology of drying lentinus

Ren Guangyue, Duan Xu, et al

Optimization of heat pump-hot air combined drying on sweet
potato leaf powder[J]. Food and Fermentation Industries,
2021, 47(1): 198-205. (in Chinese with English abstract)
i, BnH, KEEE, & T85O0 L R
Pk L2 OW S5 M B2 (0], B BE S, 2020, 41(11):
150-156.

Zhang Haiwei, Lu Jiahui, Zhang Yulu, et al. Effects of drying
methods on the quality characteristics and microstructure of

shiitake mushrooms (lentinus edodes)[J]. Food Science, 2020,
41(11): 150-156. (in Chinese with English abstract)
ERPAEMTHETR RS GhZeE ErdE THE
Fe Hol . GB 7096-2014(S]. Abnt: v E bzt it
2014: 3-4.

- PRI ZL AN B B AT A 20 Al R A i
JRETFZMAD]. PLFH: TEBHAOL K, 2020, 53-54.

Gao Xue. Effects of Drying Characteristics and Quality of
Shiitake Mushrooms Using MIRD Combined HAD Drying

Processes[D]. Shenyang: Shenyang Agricultural University,
2020, 53-54. (in Chinese with English abstract)

e NREREE R DAMEAEERS. GB
5009.3-2016 £ i 224 E R bRiE &t ik o il g [s). At
He P EBRAE L ML, 2016

AR, £ B R 2 S 2= E : NY/T 1676-2008[S].
Jent: ER A, 2008.

wKFISy, B4R, M, S EEANBIE AL EN R A
Jr i R R B AR T A B SRR, 2018,
34(12): 196-203.

Zhang Lihui, Liao li, Wang Chao, et al. Effects of ultrasonic



19 H

Bt 85 HuorBORIRAANSIEIR TR L ZSH

301

[23]

[24]

[25]

[26]

[27]

[28]

[30]

and osmotic pretreatment on quality and antioxidant activity
of dried strawberry slices[J]. Modern Food Science and
Technology, 2018, 34(12): 196-203. (in Chinese with English
abstract)

Luo D, Wu J, Ma Z, et al. Production of high sensory quality
shiitake edodes)
air-impingement jet drying (AID)
Chemistry, 2020, 341(2): 128290.
PEE, WRKIE, ki, & FURE—ETBETRILZ
RAGLI]. MR fol R4k, 2019, 40(1): 125-132.
Cheng Hui, Ji Changying, Zhang Bo, et al. Optimization of

mushroom  (Lentinus by pulsed

technique[J]. Food

drying process for lentinus edodes by combing heat pump
with vacuum([J]. Journal of South China Agricultural University,
2019, 40(1): 125-132. (in Chinese with English abstract)
LkE, kE, BE, & RAGRRERES MBS
TR L2 fm Db RHE, 2020, 41(13):
59-64, 71.

Ge Yonghui, Zhang Hui, Peng Jing, et al. Optimization of the
technology of hot steam blanching coupled with hot
air-microwave combined drying process of shiitakes[J].
Science and Technology of Food Industry, 2020, 41(13):
59-64, 71. (in Chinese with English abstract)

EM/E, BAR), ERL SF RETRTT HON B
FIEFL[)]. BT STF R, 2019, 40(19): 38-41,58.
Wang Ya, Yao Lili, Wang Jie, et al. Study on the effect of
different drying methods on the quality of dried
mushrooms[J]. Food Research and Development, 2019,
40(19): 38-41, 58. (in Chinese with English abstract)

VRVE, AR, AR, AN R M5 0 000 B S
WA R[], &5 KEE T, 2020, 46(14):
189-197.

Xu Yang, Xu Mao, Jiang Heti. Effects of different drying
methods on the quality and microstructure of shiitake
slices[J]. Food and Fermentation Industries, 2020, 46(14):
189-197. (in Chinese with English abstract)

Szadziska J, Mierzwa D. The influence of hybrid drying
(microwave-convective) on drying kinetics and quality of
white mushrooms[J]. Chemical Engineering and Processing,
2021, 167(1): 108532.

Zhang J, Yagoub E, Sun Y, et al. Role of thermal and
non-thermal drying techniques on drying kinetics and the
physicochemical properties of shiitake mushroom[J/OL].
Journal of the Science of Food and Agriculture, 2021,
[2021-06-20]. https://doi.org/10.1002/jsfa. 11348

Lu X F, Zhou Y, Ren Y P, et al. Improved sample treatment
for the determination of flavonoids and polyphenols in sweet
potato leaves by ultra performance convergence chromatography-
tandem mass spectrometry[J]. Journal of Pharmaceutical and
Biomedical Analysis, 2019, 901(169): 245-253.

[31]

[32]

[33]

[36]

[37]

[38]

[39]

FRIREe. Ak PR LA TR L E N AT SL[D]. Kb
WIR AL R, 2016, 21-29.

Guo lingling. Research on Technology and Application of
Medium and Short Wave Infrared Radiation Drying for
Shiitake Mushrooms[D]. Changsha: Hunan Agricultural
University, 2016, 21-29. (in Chinese with English abstract)
FERR. B RS 4R S LI TR B JE[D).
B {LFRYE, 2014, 26-30.

Wang Hongcai. Mid-infrared Drying Shiitake Mushrooms
and Its Hybrid Drying Study[D]. Wuxi: Jiangnan University,
2014, 26-30. (in Chinese with English abstract)

Tian Y, Zhao Y, Huang J, et al. Effects of different drying
methods on the product quality and volatile compounds of
whole shiitake mushrooms[J]. Food Chemistry, 2016, 197(A):
714-722.

SRR, SRENG, EE, S5 IR TR
FISEMAT]. TR T K4 FARREFAR, 2015, 36(6):
59-63.

Nie Linlin, Zhang Guozhi, Wang Anjian, et al. Effect of
heat-pump drying on the quality characteristics of lentinula
edodes[J]. Journal of Henan University of Technology:
Natural Science Edition, 2015, 36(6): 59-63. (in Chinese with
English abstract)

Abbaspour-Gilandeh Y, Kaveh M, Aziz M. Ultrasonic-
Microwave and infrared assisted convective drying of carrot:
Drying kinetic, quality and energy consumption[J]. Applied
Sciences, 2020, 10(18): 6309.

Machado J C B, Ferreira M R A, Soares L A L. Optimization of
the drying process of standardized extracts from leaves of Spondias
mombin L. using Box—Behnken design and response surface
methodology[J/OL]. Journal of Food Processing and Preservation,
2021, [2021-06-20]. https://doi.org/10.1111/jfpp.15595.

838, TR, Beak, S BRI EE RN ST
AWK RS s m)]. B KR Tk, 2020, 46(6):
133-139.

Jin Liwei, Ren Guangyue, Duan Xu, et al. Effect of ultrasonic
synergy on the dehydration and quality of vacuum
freeze-dried apricots[J]. Food and Fermentation Industries,
2020, 46(6): 133-139. (in Chinese with English abstract)
Obajemihi O I, Olaoye J O, Ojediran J O, et al. Model
development and optimization of process conditions for color
properties of tomato in a hot-air convective dryer using Box-
Behnken design[J/OL].
Preservation, 2020, 44(10): e14771. [2021-06-20]. https://doi.Org/10.
1111/jfpp.14771.

Rahmawati L, Saputra D, Sahim K, et al. Optimization of

Journal of Food Processing and

infrared drying condition for whole duku fruit using response
surface methodology[J]. Potravinarstvo Slovak Journal of
Food Sciences, 2019, 13(1): 462-469.



302 Lk TREZH (http://www.tcsae.org) 2021 4

Optimization of the drying process parameters for lentinus edodes in
segment variable temperature infrared assisted spouted bed

Duan Xu'?, Xu Yiming®, Ren Guangyue®?, Li Linlin®, Hou Zhiyun!, Zhao Mengyue*
(1. College of Food and Biological Engineering, Henan University of Science and Technology, Luoyang 471023, China;
2. Collaorative Innovation Center of Grain Storage Security, Henan Province, Zhengzhou 450001, China)

Abstract: Lentinus edodes are favored by consumers, due mainly to the antitumor, immunoregulation, anti-aging,
antioxidation, and anti-radiation. However, the drying process can be used to extend the shelf life, because the fresh lentinus
edodes are not easy to store. In this experiment, a new infrared-assisted spouted bed drying equipment was used to investigate
the drying process of lentinus edodes under the segment variable temperature. An infrared-assisted spouted bed was utilized to
improve the high energy consumption and heat loss of infrared drying with uniform distribution. A single factor Box-Behnken
Design was used to optimize the response surface experiment. The parameters included the early wind temperature, water
content at conversion point, and late wind temperature on specific power consumption, crude polysaccharide content,
brightness value L™ and shrinkage ratio. The polynomial regression was derived by a weighted comprehensive score to
optimize the drying process parameters of an infrared-assisted spouted bed. The results showed that the crude polysaccharide
content of lentinus edodes dried by infrared spouted assisted bed gradually increased, with the increase of early wind
temperature (4), where the retention rate increased to a maximum of 9.33 mg/g at 60°C. The materials were also heated evenly
during drying. The specific power consumption decreased to reach the minimum of 160.95 kJ/g, while the drying time was
shortened, with the increase of temperature, when the early wind temperature was 60°C. Brightness value L and shrinkage
ratio showed a trend of first increased and then decreased, with the increase of early wind temperature at the maximum of 55°C.
Appropriate early wind temperature could effectively reduce the specific power consumption, thereby maintaining high
nutrients for better economic benefits. The content of crude polysaccharide increased significantly, where the maximum was
10.44 mg/g at 70°C, particularly when the late wind temperature (C) was 60°C-70°C. Furthermore, there was an obvious
downward trend, when the temperature continued to rise. Excessive temperature could damage the retention of nutrients
during drying, due mainly to polysaccharide degradation produced oligosaccharides and partial caramel. The drying rate
accelerated, but the specific power consumption decreased, with the increase of temperature. In addition, there was the most
obvious shrinkage ratio at 75°C, with the maximum yellow/blue value b of 19.93, while the brightness value L* value
continued to decrease, with the increase of late wind temperature. Correspondingly, there was a significant difference (£<0.05),
particularly slightly browning, and yellow color of Lentinula edodes. The specific power consumption decreased gradually,
with the increase of water content at conversion point (B). There was also a trend of first increasing and then decreasing in the
crude polysaccharide content. The shrinkage ratio and brightness value L" increased first and then decreased, with the increase
of water content at the conversion point. The single factor interaction was ranked in the order of AC>4B>BC. The optimal
drying parameters were achieved using the response surface method, where the early wind temperature was 56.00°C, the water
content at the conversion point was 53.00%, and the late wind temperature was 72.00°C. In this case, the specific power
consumption was 143.52 kJ/g, the crude polysaccharide content was 9.98 mg/g, the brightness value L" value was 68.11, the
shrinkage ratio was 83.15%, the comprehensive score value was 35.37, and the fitting degree with the predicted value was
99.27%. Consequently, the infrared-assisted spouted bed drying can widely be expected to fully meet the development trend
and demand of lentinus edodes products. The finding can also provide a theoretical foundation for the production and
processing of dried lentinus edodes products.

Keywords: drying; quality control; process optimization; lentinus edodes; infrared assisted spouted bed drying; specific power
consumption



