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Optimization of the processing parameters of shiitake (Lentinus edodes)

crisps during heat pump coupled with instant controlled
pressure drop puffing drying process
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Abstract: Objective: The objective of this study was to develop
high-quality non-fried whole shiitake (Lentinus edodes) crisps
due to having high oil content of vacuum fried L. edodes crisps
which inevitably pose health risks after long-term use. Methods:
Based on uniform design, instant controlled pressure drop (DIC)
was used to investigate the influences of moisture content after
heat pump pre-drying, puffing temperature and vacuum drying
temperature on the puffing degree, rehydration ratio, total color
difference, hardness and crispness of L. edodes crisps. The
polynomial regression model was established by using a weighted

comprehensive score method, and it was optimized and verified
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accordingly. Results: The optimum parameter combinations of L.
crisps during DIC processing were moisture content after heat
pump pre-drying of 35.63%, puffing temperature of 100 °C,
vacuum drying temperature of 64.17 ‘C. Under the control of
these optimal parameter combinations, the puffing degree of L.
crisps was 69.34 %, total color difference was 20.68, hardness
was 108.16 N, and crispness was 75.79. Conclusion: Uniform
design combined with response surface methodology can be used
to optimize processing parameters of DIC crisps and obtain high
quality non-fried L. crisps.

Keywords: Lentinus edodes crisps; instant controlled pressure

drop puffing; uniform design; puffing degree; quality attributes
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J5 B S S K R 35%, AL R 1 0.3 MPa, {5 i 5 i)
15 min, B4 FHIRE 70 °C L, 58 WAL IR B X% DIC 7 4
Joa ot BT RS, | R 2 WD, AL IR By 75,80 C TE
85 CHE, Fr i i Py 31 (P <C0.05) , I 16 B

QhLETH R 2 90,95 CHE, PSR B E (P>0.05), XJ&

15 min HL4 THRE 70 C, ?’r’“ﬁt*}‘* TR & TR AR, 7k K RS s 2
B KA DIC 46 Mg m B s ma . iR 1 Al /L BT SEm A S N R 2 AL A Y R B R A0 BE i =
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Table 1 Effects of moisture content in wet basis after heat pump pre-drying on the quality of shiitake crisps
WA KE/ % P4/ % Rr AE fifi i /N s 2
25 19.70+0.98¢ 2.1140.09" 31.37+£1.47° 169.88+9.25° 59.83£3.19¢
30 27.1742.884 2.134+0.10" 32.06+2.61° 154.3944.92" 63.5044.85"
35 55.7441.36° 2.35+0.07° 16.0542.88" 102.13+5.07¢ 73.17+3.16°
40 50.7242.36° 2.30+0.08% 12.88+1.38¢ 132.8844.994 72.92+5.33%
45 31.2441.90° 2.104+0.10" 14.1541.99" 148.99+7.44°¢ 64.0843.26"
T PG TR R R 28 5 12 % (P <C0.05)
x2 BUABREXMEERSRHNZME
Table 2 Effects of puffing temperature on the quality of shiitake mushroom crisps
i Ak il BE / °C P4/ % Ry AE fifi &7 /N s 2
75 43.074+2.79 2.3140.08" 26.22+2.17° 121.734+3.82 63.67+3.23°
80 42.7140.71" 2.3040.05" 16.094+0.33¢ 121.5249.232 64.33+4.12°
85 47.7042.00* 2.574+0.08 17.4440.72> 122.08+4.40° 62.2545.45%
90 47.4840.91¢ 2.2540.05" 16.3741.11" 115.5044.36" 51.33+5.33¢
95 48.35+1.67¢ 2.214+0.06¢ 10.0241.074 112.9946.93" 59.4243.94"

T RSNG TR SRR 22 5% B3 (P <C0.05)
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REALOPUREE A . 7 25 M Ry 52 7 25 P9 3 £L B 45 44 5%
W, 5 P, IEMI 22 A F 0.1.0.2 MPa, I 46 F1 8
0.3 MPa i, R i F 0 (P << 0.05), WAL E 1A
0.2 MPa i} , AE 1 Z A% T H AL (P <<0.05) , B4R 5L A
TR —2B 4R 5T . B B B R Ak TR T 0 T v T R I M 2 )
BEBRARURR NS, X RGRAECY IR R B4 W
EEEBﬁHaMJcﬁjJﬂ@imﬂuiﬁEﬁE?Mt M e B 78 1% Ak R
$90.2 MPa it fg K, X EBEEH THEHIES CER. U

BE 2618 | 2023 F 7 B | RAEHMH

FoO T4 70 (VED HPD) N E BT 8, 4546 %% . & &
Jifs 538 M2 AL F1 R 0.3 MPa,
2. 0.4 45 e U)X o 0 T A S P T M
Jo A A K R 355, AR 85 CL Ak R
0.3 MPa, HL25 TR 70 C , BRFAEU B A X DIC 7 £
Jfe it BT B S, PR 4 R 45 A ] =15 min B, P i
FHIEAR (P<C0.05), FHERE M 12 min #E K % 18 min
A R B 3 PR AR (P <<0.05) ., fHZ{F#F 9 min 5 18 min
E’gﬁé.ﬁ,zrﬁ] 18 min 5§ 21 min MFE 5 Z (8], R JC W] 1 22
o PR XE AE 52 om0 0 B G AR, 2 {55 R S
12 min B, AE SEB|Ee/ME . T B2 Bl 45 1 B U] 1) 38 Jin 22 5
Fh s Je B AL e 34, T 47 i B IV ) i B 5 e O ) R AR
15 iy B 1D R A 0 0 g Ak P A TR 3 B0 T A 0 £ L A5
] 3k 4 o o 2 2 20D AR B RS T A, S R 4 R K A3 L
PRI AL s 450 i ) g 4G, <5 5 1 Rk 3R T BB,
e HURE B IR LA R, Bk e O 5 R ) O
12 min,
2.1.5  ECZS T MU B T A 4 I S B S 4 AR
TR HFEIRIE S K E 35% . AL IR E 85 CL L Ef
0.3 MPa, {E=# A [E] 15 min, ¥ 5% 2245 T 118 & Xt DIC &
T M A S, R 5 AT, M LA TR IR A 60,
65 ‘CHF . P oo o 1 5 B & FLas T 00 15 R Y T v i A1 .
R 5 A TR IR T R 25BN 5 ikt g, Jas
TR N 65 CHIA B . B ﬂx/ B A
T PN 02U R IR, S OK RE T RE R . BEE B
ETHREENT S, AE B ERIKE imﬁuﬁf} LS T4
TREE S 65 CHY 35 B de /A B 25 T 8 TR BE X 68 3% 1 5%
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Table 3 Effects of puffing pressure on the quality of shiitake mushroom crisps

&4k 71 / MPa P4/% Ry AE fifi &£ /N g B2
0.1 20.7642.24¢ 2.2640.10" 17.55+1.63% 146.2247.70 66.67+4.33"
0.2 34.9642.53P 2.3440.08" 12.85+1.49° 123.8747.39" 55.58+4.25¢
0.3 47.7042.00° 2.574+0.08* 17.444+0.72° 122.0844.40" 62.2545.45"

T RSNG FRERF R 22 5 13 (P<<0.05),

x4 EHFEMEERSKRHZE
Table 4 Effects of stagnation time on the quality of shiitake mushroom crisps
A5 i 5[] / min Pa/% Ry AE /N T
9 46.61+2.26* 2.4640.11%" 25.79+1.38" 116.06+6.18° 64.5044.68"
12 47.7042.00* 2.57+0.08* 17.44+0.72¢ 122.08+4.40" 62.2545.45
15 43.2741.66" 2.3740.12" 30.0740.93® 122.5147.05% 65.5043.00"
18 41.03+1.68" 2.2440.11¢ 18.3540.68¢ 127.82+8.65* 60.50+3.03¢
21 39.6840.82¢ 2.3040.09¢ 24.06+1.25° 120.8046.23" 69.92+4.48°

T FPING SRR R R 22 5% 18 35 (P <C0.05) .
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x5 EFREEMNEFRARNZNIE
Table 5 Effects of vacuum drying temperature on the quality of shiitake mushroom crisps
TR R/ C Pa/% Rr AE /N e 52
60 46.29+1.78% 2.35+0.09" 23.20+1.15" 168.01+8.00" 81.8344.95*
65 47.70£2.00% 2.57+0.08% 17.444+0.724 122.0844.40¢ 62.25+5.45¢
70 43.58+1.13¢ 2.22+0.09¢ 19.34+1.24¢ 118.9745.88¢ 58.92+4.80°
75 43.9740.48" 2.19+0.07¢ 23.3341.54° 103.4043.544 59.42-+3.82°¢
80 39.4740.464 2.0940.034 25.5740.86* 149.40+9.80" 66.17+4.76"

T RFNG FRER R RN 22 5 23 (P <<0.05),

W EE R T O SRR T k2R 2 WS
@ RN T S5 A A B R, T G R R O A
T 1R R ) T S SRR AR R B J o, 75 °C i R
Fe/N .60 CHEJE BE B vl . X 5 X0 B3R AR Y 458 — B
GAEEIE . FEMREES THRIEE N 60~70 C,

2.2 BRI ER

K SPSS B UL X X, X o A B T AR &
B0 43 B /45 Pa(Y)) JRe (Y,) JAE (Y,) Bl
YO MBEEE (Y5 B A8 2 ) /Yy [519 05 2 .

Y, =1.033 + 18. 457X, — 7. 708X, + 0. 977X, —
0.212X%4 0. 074X3 — 0. 032X? 110X, X, +
0.100X, X5 —0.009X, X, ,R*=0.945, (6)

— 0.

SEBRTT TR T 40 5 75 45 15 25 2 K% Ak I 2 o Y, = 0.971 + 0. 097X, — 0. 055X, + 0. 052X, +
ATHREERIARCRAHSRE R HERSFREXNEF 0.001X5—-0.001X,X,,R*=0.294, D)
Tl e i B R RZ RIS BT T R IR 6 IR R WK 7, Y, = 0.949 — 3. 979X, + 0. 326X, + 2. 043X, +
s 0.053X7-+ 0. 002X5 + 0. 006X35 + 0. 019X, X, —
*6 WARBEHHE ] ’ L
_ _ ‘ 0.022X,X,—0.021X, X, ,R*=0.827, (8)
Table 6 Experimental arrangement of uniform design
Y, =0.904 — 8. 805X, — 1. 076X, + 7. 796X, +
X EB TG X WALRE X H75 g , ,
B R A / ! 0.256X}+ 0. 026X3 + 0. 008X} — 0. 024X, X, —
e S Y C i/ C
0.102X X, —0.043X. X, ,R%=0.900, (9
1 25 75 60
Y;=1.037 + 12. 844X, — 2. 659X, — 1. 322X, —
2 30 80 65 ; , ,
0.121X%4 0. 024X% — 0. 021X% — 0. 084X, X, +
3 35 85 70
’ ’ 0.051X, X, +0.023X,X,.R*=0.741, a0
4 40 90 75
’ AR [ 05 )5 B2, Py AE LB JE G BE 10 R 4% 30 8
5 45 95 80 o
7 7 7 0.945,0.827,0.900,0.741 , Ui B IX 4 i o7 L 14 0] I A5 A6
6 50 100 85 N s C g e S,
> ’ 04 B T LA SR B % R A AR R L
x7 HYRBETER
Table 7 Experimental results of the uniform design
K5 X, X, X; P4/% Rr AE fif B /N i g
1 1 2 2 15.58 2.32 24.44 117.81 57.17
2 1 3 4 6.04 2.49 30.90 156.12 11.83
3 2 5 6 20.97 2.42 23.00 142.70 58.50
4 2 6 2 66.71 2.61 21.77 117.57 76.58
5 3 1 4 35.25 2.38 23.64 137.48 60.33
6 3 3 6 29.48 2.44 26.44 137.83 64.58
7 4 A 1 15.48 2.42 18.63 108.52 64.75
8 1 6 3 71.07 2.67 20.31 108.14 80.83
9 5 1 5 56.22 2.58 23.08 153.08 74.83
10 5 2 1 39.25 2.46 22.84 136.77 71.00
11 6 1 3 9.01 2.31 28.28 161.37 54.33
12 6 5 5 13.86 2.37 29.69 169.27 44.50

197



F % B A DEVELOPMENT &. APPLICATION
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2.3 WE KL E 4 #T
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SeREMRE s, FHERIE G KR —ER . AE BfiEik
TR B 1) T R0 1 0 L (R B L A T R TR A T S R
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IR B2 R IR A ) A 2 M R T AR

2.3.3  SCHVEHI G A A M R AR R B 3 T g,
FLAT T4 TR B AR S e B T R A K R L
i B8 i L A A AR 8 ke A B Y b T B 1 T L R
JELRI AR S W LR I, SRR B AR O E .
P 3Ch) T 0, A 65 2 Ak 3R BEE S 72 1 it 3 56 5 7K R ) 18
Tl 52 5 AR 1 ok B B S R IR Y T v
evEs AR, mIE 3 (o) AT, T 4 T R R B 2 K
SRMERE N AR I B I R 1k U A T e 48 1 I KU
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