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H E NIRRT TS KBt & £ 18 (instant controlled pressure drop, DIC) # &3 i s A& H Rk, F R
B F AR R S, KA T AR FHE (hot air drying, HAD) . # & F1& (heat pump drying, HPD) A=A =
%A F )% (vacuum freeze drying, FD) % 3 #7475 X3 DIC A # M se R ek, R AW, 7&‘%%/\. T B EF
BBk FRFHRATXN, 9IKE5 % : HAD-DIC<HPD-DIC<FD-DIC; -F¥FiEEEN 5 R . & & £HIKDFH
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DIC ## M F&E T LM ERD. $454EFMIAF A : FD-DIC>HPD-DIC>HAD-DIC. &% 44 %4k (low field
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Effect of Different Pre-drying Methods on the Quality Attributes of
Instant Controlled Pressure Drop Puffing Dried Shiitake
(Lentinus edodes) Crisps

ZHAO Ya, ZHANG Yuexiang, XU Yan, SHI Qilong"

(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: In order to explore the effect of pre-drying methods on the quality attributes of instant controlled pressure drop
puffing (DIC) dried whole shiitake (Lentinus edodes) crisps and develop ready-to-eat L. edodes snack food, this study
investigated the influence of three different pre-drying methods, viz., hot air drying (HAD), heat pump drying (HPD) and
vacuum freeze drying (FD) on the quality attributes of L. edodes crisp. The results showed that the total drying time of L.
edodes crisps depended on the pre-drying method, following the order of HAD-DIC<HPD-DIC<FD-DIC. Opposite
tendency was observed in the average drying rate. The total color difference of L. edodes followed the order of FD-
DIC<HPD-DIC<HAD-DIC. The puffing degree of L. edodes crisps followed the order of HPD-DIC>HAD-DIC>FD-DIC.
The rehydration ratio of L. edodes crisps followed the order of FD-DIC>HPD-DIC>HAD-DIC. HAD-DIC resulted in the
highest hardness and lowest brittleness. FD-DIC resulted in the lower hardness and crispness. HPD-DIC resulted in the
highest crispness and optimal hardness. The total sugar content of L. edodes crisps followed the order of FD-DIC>HPD-
DIC>HAD-DIC. Low field nuclear magnetic resonance (LF-NMR) revealed that compared with HAD and FD, the
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proportion of tightly bound water and immobilized water in L. edodes after HPD was higher, and the proportion of tightly

bound water was lower, which was conductive to water flash evaporation during DIC processing thus providing sufficient

driving force for the puffing of Lentinus edodes. In conclusion, HPD was the best pre-drying method for L. edodes crisps.

Key words: shiitake (Lentinus edodes) crisps; pre-drying method; instant controlled pressure drop puffing; quality

attributes; low field nuclear magnetic resonance

4 (Lentinus edodes) =5 T h E 1 E 5 & H
TR, BB B AR LS, MR SR, R | 4t
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JHPEM . a5 R T (freeze drying, FD)P | fly +
1 (microwave drying, MWD) | A%y & 22 24k,
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11, AN T S AR, A X AR AR
FD Fasfe ) fiass, (HAE =B . #FEfmE ™, i
P THRAIES), 77 Fh 5 50 R, i EL AR AT T B 4
(Al

Wik i) & 22 21k (instant controlled pressure drop
puffing, 7% 3 Détente Instantanée Contrélée, DIC),
MR AR IR R 2Z AL BRI TR T2
INZEMZAL T, EZH TR Bk, 3% W2 b
JREAEHE M YESR B NS J 0 in .00, (B2, ENAMET
DIC &I A zE e A 7 v fE AR 2>, F24E
HTEY] v B AL T A B T . X R AT
I ma 3 LA S B e e e A b T2k A

i P RERE 7 mm. KR D) 0.2 MPa. IZ kIR 90 C..

{EEHFHSHTE] 12 min, 2S5 1R 80 °C | filimsHYE] 68 min,
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FhZsAIE] 0.88 hs

& gee DIC S i A il 0T i SR A 3R,
BLE PR AR RN A= i s, T =X
13535151 7K (osmotic dehydration, OD) , x4
(hot air drying, HAD) . HZ5 T¥#(vacuum drying, VD).
FD. MWD, L4}t/ (infrared drying, IRD) X i
Jr R4, #ln: OD-HAD-DIC 325 712, HAD-DIC .
MWD-DIC. FD-DIC 2R T FD-DIC ##c"¥, OD-
HAD-DIC ##k 1%, HAD-DIC. FD-DIC g I 19,
MVD-DIC #{# 7, HAD-DIC 1124 51U, X458
SEUT SR P F AU BRI ) A 4k S 43 A VED
IRD R4 7=, VED B3 e pi4s 25,
i FLREFE =, LLAMR ST AN I 5] H 28 B IR AT
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PR F]; DHG-9140A HIMG X TE4E  Hig—fER}
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PRSI g R A RS F]; TAXT
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Al AL204 53HT R MESRE-FE R AR A BRAF .
1.2 LWHE
1.2.1 BB KARAN IR Bk Redili J5 7 R 512 Hi
A, 5 C R o B L PIIR TR 5 KR Ny
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G T B BB 1 B0 3R - 20% 22 2RI, 10% FLiG
ISR, 2% &R, 1% WBEEEY), TR 25 °C | Bk
Lb 1:3 5 FBE RN 3 h,
1.2.2 P BB ER AN S 197 45 715
5% 3 3, 53T HAD . HPD il FD Tl 4%. HAD
S TREE 65 °C, XUE 1.0 m/s. HPD 2% 155 35 °C,
K 1.5 m/s. FD Z84: 45 T—40 °C 7% 24 h, $R
JEBE TURTHL, =R BREE-78 °C, A5 <30 Pa.
SR 3 R T T O SO 2 I I S K SRR E
35%+2%, SRIG S R E TAREAS T, BT 4 C R
AEISVRALFE 24 h,
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1.2.3 DIC ¥RAP)E &z E T R AR
A28, F5iHi DIC Z88053 59 : BAALIREE 85 °C, i
1k 77 0.3 MPa, {524 B [H] 12 min, B25 TR &
65 Co. HEFIHEIRILT /K < 7%, AL _KIG
air RP B TER A, MNAFE AR
1.3 3EtRAIZE
1.3.1  THeEHstE]
t=t +t A (D
o t TR B E], hy 6 S TR AR A TE], h;
t, & DIC Ba], h,

1.3.2 ~“FH¥FEaEeR  SE TR (average drying

rate, V) T150;
X, — X
V,(kg-kg'-hy=2— A (2
6+t

K v, AP TERER, kg/ (kg h); X, NELE
WG T I 5 KR, kg/kg; X, N 4E DIC k)5 T3
TR, kg/kg; t; AT THEASTA], h; t, 2 DIC B [H], he
1.3.3 Ba2s RAA@EETNERLEOFESE. M
4,24 (total color difference, AE) 513,

& (3

K L' o b T4 OESEG L. a b A
DIC Fasffi e 244
1.3.4 JAMLEE  SRAH BRI e AR g AFRl ), pfl
J& (puffing degree, Py )15
V-V,

. v, Fl V435104 DIC B Al DIC J& & 45 14
A, mL.
1.3.5 &Ktk SRAFREZENE R /K H (rehydration
ratio, R !, Ry, #1852

Ry = % G))
2 my 1 my 53590 R B ok e 52 K BT A 2 K S
JHi, g.
1.3.6 WEREEFINGEEE =35 Li 60 vk, SRAH:m
TSI R A I A R RN NG R, BEAE R Bh . e ER
P/75 #EIEH SR, B BEIEAS 5N 50%, AT, . /5
PSR 43500 20 2.0, 1.0, 1.0 mm/s, itz 1 100 g, 2 X
JFEZEAIBRBET A 5.0 s, B RAEHEZR 500 K/s. M
ST i (S R L, W BV E S G RE . B LH AR ST
AT AE 12 YR, 45 B HIME
1.3.7 BFiEE R GB/T 15672-2009% i) & &
whE RS . B (wW) SRR
m, XV, x107° "
m, XV, X (1-X,))
2 v, SRR E AR, mL; V, Sy L]
RE B TR B 2 R AR R, mLs my S ABRAERTZE

AE = \/(L—L')2+(a—a‘)2+(b—b‘)2

P,(%) = x 100 WD)

w(%) = 100 = (6)

AR I E W B SRR, pgs my, CHRESL BT RE, g5
Xy HFERIRILEIKE, %,

1.3.8 IR RPMARZS I3 A SR IR G AL PRk
(low field nuclear magnetic resonance, LF-NMR) il
RE T4 K o3 N SR 2 43 A o R Carr-Purcell-
Meiboom-Gill(CPMG) ik i /57 41 iff 5 A i i i) st 75
-} [A] (transverse relaxation time, T,) . LF-NMR il i
Z IR 32 °C, BT LRI 20 MHz, SRS
100 kHz, SMUEL 4 U, 4515 I [A] 3000 ms, 90°,
180° ik FE 43514 5.52. 11.20 ps, BIPE%L 10000, =17
ITH] 0.6 ms. CPMG FEHO=y thZkimid 2545 AU
W, A5 B T, AR AN S HORY S 2 R AR 45 5
T, i& &, S5 SR ZHa EeRi gk k.

N
M(t) = ZA‘ exp(—TL) +A,
=1 2i

o, MO SR [ R A 2% 2 i &) ¢ B a) S Y
{55 &L, M S EN R/ INEITE B A5 5 RN
B A CHEESR AR | R IE SRS T, AR
T 1 PO Ty Ay MRS
1.4 HIEAIE

SEEGANFRPRINESAT 3 WK, B R EEbR
HEZEFR R . R SPSS 19.0 HHATHNE Iy 22007, 25
4 ZE AT Duncan £ 8 L8, P<0.05 KR ZE R
B3 . KA OriginPro 2018 £:[%] & Pearson F#H 3¢ M:
I
2 GBR5SH
2.1 FAFIES XS ELE TR R A TR A
AN

T Ty O 3 s 1 B ] RSP 28 e R
vV, BIFEIE 1 s, X R W S, FD>
HPD>HAD, 3 # Z [ff1E 325 5 (P<0.05) . Tk
AT S T3 3 R Ty S TR Je 1 R
2, B T TR B HAD>HPD>FD, Jir IR 5 ik 5[]

2 (D

= DIC T [a] fiwediny | S R
35r a 2045
a
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= B / 030 <
< =4 V. B
= on
= 20¢ 1025 =
= >
E?ﬁ 5L C 40.20 g
T J0.15 =
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Fig.1 Effect of pre-drying methods on the drying time and
average drying rate of L. edodes crisps
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% (P<0.05); ¥ 2~1¥ 4[]



- 284 - £ Tl B4

2023 4F 9 A

FEIR LB K3 35%+2% JIT s i ] 55 148 78 % Al
Ko X DIC TR S, H T3 TS el is
7K FAHE], DIC ZALUEE E , B I FL25 TR
Asfa] 22 BE AN BH i (P>0.05) o BRIItL, B e Al Ta] Az
V, FEIRP T T = Yi FEPN R T AN
T 7 =00 R 220 AL B AN 55 28 R sz, 15-24)
THFEBEE . X V,, HAD-DIC>HPD-DIC>FD-
DIC, 3 FH 2 [A] & i 2% 7 (P<0.05) . XFEEHT
3 TP T =2 5 ) A s B TR s TR T 3
22 FHEARAXEEREEFNEN

(S PP B T R 2 n ez MR B
FEbRZ —, TR AN T 25 4 AT i e i s
K, Ty XX s PSR 1 s, &
Z5 e L {5 FD-DIC>HPD-DIC>HAD-DIC. T FD
LS AR T RS, ) T s T A AR /AR
BHE R 2SN 2, kA, HAD-DIC F45ME a 1 b B
¥) &z v , HPD-DIC % %% 1 a {H /= T FD-DIC, FD-
DIC 45 b (B )& T HPD-DIC., HAD-DIC #4%
B AE (B, SX AT e K HAD 75 B 5 es, 2647
Tl f2 N 55 Sk R, AR SRR T, A A e e
. HPD-DIC F45Y AE B, X EEEHF
HPD JEANM) T #2514 3. FD-DIC & #5119 AE {H
FAX, FZEE R S 325 2544, B A B /A B Bl
B AE SN AR, R L (H3ES | o (HRMK. 2% L,
FD-DIC 1 %5 i £ )3 Hb 4 £ 7 %5 7 A3 2 (5., HPD-
DIC X2z, HAD-DIC (A% 5%,

1 BT SO A SRR

Table 1 Effect of pre-drying methods on the color parameters
of L. edodes crisps
B = L a b AE
HAD 25.38+1.46° 16.13£3.50" 33.13+2.49" 30.67+1.47"
HPD 48.1141.20°  7.28+1.13°  15.27+1.41°  15.26+0.94°
FD 58.53+2.20°  4.43+0.63°  23.63£1.90  9.85+1.54°

TE: SR bR/ NG TR R 22 5 8.3 (P<0.05); %20

2.3 TSRS EFEREE AL E S KL AR
ASTE] T4 7 O A i fE Py M Ry 145 i) 4
Kl 2 s . AR T4y = 25 (P<0.05) 520 DIC
Faife Pyo HPD-DIC 45 MifE Py 51 (51.52%) , iX
SRS HPD I BEAIR, 754 RE S LRSS e 3 i N R B
BRLEHE, FEJS 2 DIC BREEE AR, NERK S INZE
EHNTREZEEIK . HAD-DIC F45iE P, M 37.93%,
R E Sy HAD VR EE S, KATRUR P HARI 5, S8
ZMMEIACAR , L™ 8, REEALLSE ST e, (B
s&, FD-DIC 7 45 ) Py 5e ik (5.45%) , iX 2 X2 FD
TEARIR AN B2 55 F N KA THE, REG T iR & 4
FSENH, BERRFEEE AR IECRUERS, Wk ER&s 1
PR/ INTL, AL, TS LR R T Ak A 1)
AL, AR R, B TARUESE T Py TR
DIC HijJa F#s AR (A 4), FD &4 DIC HijfA
FURC G TR BEAR, PRI E S St A b, AARBUAS fhis

BERE/IN, L Py 30 SEBR L, T aE M &bk
5 FD-DIC W% = F HPD-DIC, {H — % #} i 2 & F
HAD-DIC.

0T oz e fuits 140
so | B &KL 435
13.0
S 407 125
Y
= 30+ 120 ¥
g s @
2 20} 11
11.0
107 los
0 0

SRRy
B2 B4R 2O e i I A E % S K L R S
Fig.2 Effect of pre-drying methods on the P, and Ry of L.
edodes crisps

3R ELT O U FAEME Y Ry HH s BAK
FD-DIC>HPD-DIC>HAD-DIC. /KAt 5FLEME
AL VIFDG, WA ZFLIREAT T 2 KR
U, FD B PR AEARIR A FLas 2500 T 8647, i Hos
VK ERTFHEIE WK, Ao B AR e T
JBE/INCSL T HL A AR BT . AR A R HAD
1 HPD /b, Rtk FD-DIC #F 4k i /K BE 15 . HAD
1o Uk SRS s N R A AR ™ FE 2R, eSS ECE 4
TS, a2 BERER, Ok 22K e ) sk A RE
J1P%, HPD BESAAEFN, {EEEA-T HAD 1 FD 4],
##t HPD-DIC %% i Ry 5T HAD-DIC {EAX T* FD-
DIC. 4k, Ry 5 Py IEAHSC!Y, Py b, W) y5Res+4)
ERHEAS, T L HPD-DIC F45fE Ry 235 (P<0.05)
F HAD-DIC. FD-DIC #F#5lifi Py fIX, H Ry .35 5
T HPD-DIC. NHTATIAR, iX F2H TARU5EH Py it
T e, PR L, 25 DT BE R 4 S X E, FD-
DIC bR w5 T HPD-DIC FF4E#E, i, H R,
LT HPD-DIC,
2.4 TR EEREREE A E R R0

i I 8 R e 1 SRR SRR 2R, AR 3 1T
I H, 3 i Ty 20 35 (P<0.05) 52 Ml & 4k i i)

25000 5015 160
a e

20000 L 77 130
{40 _
% 15000 z
= 130 o
210000 | 2
= 1o &

5000 | 110

0 0

T T =
P30 A O 7 Y R MG B2 5
Fig.3 Effect of pre-drying methods on the hardness and
brittleness of L. edodes crisps
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A FNAEE . HAD-DIC 7525 e i i 5 (8 e i, e
{E IS, UEAH L ZH 24U 588, 85 3K, 18R 255 HPD-
DIC F#E 08 b H HYE B b e, O FE I Py B,
PR LS A LH 2R A s FD-DIC 7544 A 35 (8 B 1K, 1560
TR M AH X s 2, {ELYE B 3 (P<0.05)fIKF HPD-
DIC. XEME H FD-DIC 3515 1 22 FLAS5 H (e T ks
MR, TTRES= RS HRBETE N —URIPHS Z mifik
R—AHIIEEPY, Yi PO WESE T HAD F1 FD 7l
ALFEF PSR | KO SRFN T A TG 7 R B RN e B 152
mi, £5-51) T AHEI A o
25 FFEARXEEREES SR

ARV T 1T X B 7 SR S 1S e AN E 4
iAo 3 A48 07 2B 35 (P<0.05) 52 1) 5 26 Jf 1Y)
BMES R, Hidh, FD-DIC 45 00 & e, X &
FEHF FD K5t vk RS E 3T HE, IR
A5, B G 5 A 5T 2 U oY K& fi
Y, HAD-DIC 45 S = 5 AIK, BBy
SR FRFE S IR B B UIAHSE, HAD TRBE S, A EEY
WA FH SRS RS ] Y B s I FENE IS 0T, HLA 5
5 SR IEIRIE ) 51 A= SERAE N, I RRATC BRE &
HPO, HPD W PR B3I, W) o Tt
R e85 /b, it HPD-DIC &4 Bk &8 W3 s T
HAD-DIC, {HEIIKF FD-DIC,

12 -

10 +

BESIE (%)
[*)}

m 4r
2+
0 7 @4
HAD HPD FD
(RN

P4 TRy 00 7o e SO 25 B )
Fig.4 Effect of pre-drying methods on the total sugar content
of L. edodes crisps

2.6 FFEARMNTATIREERL T, BIFNT

&1 5 Sy 3 AT SO TS LE-NMR
T, WEERIZNE . T, BB T RS PR s S A
FHEE, T, (DRSS, BEWIZK I3 1 b BBy, A sl toiisit ;
2, Ty AH )N, BEHIK 7315 IR &5 G il P
EENES IR NP = R e tonl 6 1 B e VI o T R U

JE LR 4 g, S35 EREE S UK (T, 5545 A 7K
(T, NG TBIK(T,) I HHZK(T,s) o o, Ty,
T,,, Ty Fl T,y 145t B B 8] X 6] 4351 7 0.23~0.25,
1.34~4.79, 9.62~27.92 F1 82.01~101.44 ms .,

T2l

S (a.u.)

f

A

FD

0.01 0.1 1 10 100 1000 10000
Bt 4 AFE] (ms)

5 AR 3O T 2 045 st T [ ) 2
Fig.5 Effect of different drying methods on T, of L. edodes
after pre-drying

2% 2 AR 7 X S B LS LF-
NMR T, Mt rE 445y el sgm . 3 Fpii+
Y7 XL Ty, RN (P>0.05), IX RIS T
Ty 2 5 KA P IR R R 4 B B as
IKFZWAEL /N o HPD J5 B 45 T, 145t BRI 1] d 35
(P<0.05) T HAD 5 FD, Ui Ml T4 5 19 &
s ) BEAR e, s R, S5 4L DIC AL T it 7
RS ER . CTF Ty, Ml T,y HAD Ji B4
Al A] f 35 (P>0.05) 5 T HPD Fll FD.,

LF-NMR {5558 B {H S5 5 v &U5 280 B U E
b, FRAESUKR ST B B AT T, S i 45 W T AR R
TRPY, Ty, Toys Toy Fl Toq AHXT 5 AT H 25 F 05 17 AR
S5 LA e il AU 2, 43 501 R 258 mT,,,, mT,,, mT,,
N mTyy. HE 5 ATLLE H, W85 B as K o 8
B LK, mT,, 5 mT,, o BN, BAHEET T,y .
Ty, Fl Ty, Toy H HE 53R S, DIC FHE R
i, T, IR AT RECL Wk BR 25, X DIC Wi faliitt i 7K 43
INZEIZAL I - A TTRRBEAN = . 3 2 AT, FD 5
HAD T %5 ) mT,, 1 mT,, JC & 3& 22 5% (P>0.05),
HPD % %4 ) mT,, & 3 (P<0.05) ik FD il HAD
T4, M HPD 75 4% 9 mT,, i5 % 88.56%, i3 (P<
0.05) /=5 T FD Fil HAD ##% . AHLL T T, T,y B H
R BEEE v, B 1 mT,, A AT DIC i F2 Ko7
KIRAR, AL TS I i3 ), il B ek ZH 2L
B, T RLIg Ao 22 L A0 08 53 R &85 ), T 4 v
P21, BAR A s e h 3, 32w e i FIiE /KB T . T,

F 2 FHIEW TG LF-NMR 5 i a] K 4% 4145 il
Table 2 The relaxation time and the proportion of each component of LF-NMR in L. edodes after pre-drying

gt it st ] (ms ) FH (%)
TR 7 3
Ty, T, Ty mT,, mT,, mT,, mTy,
HAD 0.25+0.06" 2.25+0.07° 27.92+2.14° 101.4445.20° 26.43+1.36° 70.27+3.75° 2.78+0.14* 0.52+0.05°
HPD 0.24+0.05° 4.79+0.92° 16.77+1.26° 87.1246.57° 8.29+0.97° 88.56+1.79° 2.59+0.21° 0.56+0.08"
FD 0.23+0.03* 1.3440.05¢ 9.62+0.75° 82.01+6.42° 28.22+1.27° 70.60+2.70° 1.264+0.15° 0.46+0.05°
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m A B LT T,, fil T,; 210, HAD 5 HPD % %%
) mT,, Jo i #2257 (P>0.05), {H.2. 3 (P<0.05) & T
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Table 3 Correlation between LF-NMR relaxation parameters
and quality of L. edodes crisps

ECE7 T, Ty, Ty mT,, mT,, mT, mT,,
V, 0273  0.698" 0525 —0.199 0.099 0.700" 0.354
AE  —0.058 0.956" 0.7917 0244 -0.328 0.720" 0.212
Py 08277 0597 0450 -—0.799" 0.674" 0.858" 0.608
Ry —0.456" —0.871" —0.699" 0.332 —0.240 —0.925" —0.484"
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