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W OE: ARACHBEESE TR AREKER BN S KE, DSHERE AN, XHBATH (natural
drying, ND), {HiET4# (constant temperature drying, CTD), HZAH T (vacuum freeze-drying, VFD) X2
REBREAT T, 3R 3 Py SRS M . WAk B3R M SRR RE e, HEO A ERE B SRR AT S it . 5
KIRIIZ ST, WA 7 TRt 4558 VED ERE &SR M2 hE SRR 574 944 mg/100 g\
6.26 /100 g« 19.73, &% (P<<0.05) mTHAh2 M5, HEMSEENWISEE (LHME) 2% (P<0.05) =7, &k
RN, AE{EN 583, BT S E M »0#T (principal component analysis, PCA) &I T55 E /KA1 5 A FH
R RRE AR SR OB AP AR 22 7 2o KR AT AR T Hb X 3o VED BT LRI 20 40 A BB IR O S5 M R R i A I
K, A&3I% 1% RE 3 3% (low-field nuclearmagnetic resonance, LF-NMR) &5 & 4% i 3L 9% 1% (magnetic resonance imaging ,
MRI) 73 #r 45 278 VED EJE R E SR K 20 min WA 5 a7k B8, KR E BT, 2K MREF. VFD &
KIFEHEWESEHEEZ (AE) 2508 1228 f111.47, B (P<0.05) /NFHAL 2 BT om0, #WEAE 518 E 5 5]
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Fe Y O Y R e | M 5 = S I e
fil R ol SRS, AT Chot-air drying, HAD)
BA ST BRSO IR S L I 3 A0 1 £ 2R AIK
SR RERHBE TR TR 2N, ESART R
(vacuum freeze-drying, VFD) Ref5 (- 5r & F B B e e
& H AR i i BB B i R D, s TR
B L A — T R REREET AT
3 R R AR S8 AT 3 i B R AL B FR AR AT B, E
ST RT T 2RI . 2RO S B 7R B T2 A
B KR . EAKJEEEAALIR . R S5 R0 b 28 25
B BT HET 2R RE B BT AN 250 W 70 00E 52 B s v
HTRA AR R E, & R, BAEWNE
FERGY o A O A Sk SR A H W T4 ( solar drying,
SD). VFD. HAD —# 5 Sk I E 7524 it A8 A0 52
FBREFZEZR N TTHFEPE KR Wk, it
G LR AR TT, AN F 1R 7 200 3 JH 1 5T & 1 5
AT A .
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AR A TG I 3RAT 2 AL R ) B AR TR T 2, R X 3 R
fi 7 SN 28 00 2 I AT 2K FE, X EG T AN [F =R
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1.1 #REIRF

NURERL B, SRUCT I3 00 17 SV X 2 L B A AR
PRI RN —8, T ERE, BRE 2 om MELEIEN
IR BRIy = b 4t
12 UESERE

LRH-150CL iR E IR T4, —ESLmAE AR A
Al; FD-BI12N-80 EZ& WA TR &, Lifght T 7R
AR AR SU3S00 M FRME, HIBZAEE dt
) AR AT MZsoMR23-060H-T 7 i HL 3R Bt% 23 Hr i,
TR AR T R A PR A Al PEN3 HL T &, fE[H
AIRSENSE A R A #]; SA402B M ¥, H A INSENT
HIRAF; CR400 211, f[JE RERRIAEARA A ;
TMS-PRO Jii#{%, *HE FTC A RAF .

1.3 RIEWFFE
1.3.1 RR TR XFIEH 6% &

ND: ¥ 1 kg 3 A B F & 50 2P e B R R
B BT HAAAEE (R +Ie F gD It g A8 =,
FIES 32 h, 2 7K E&ERIFE 6.4%: CTD: K 1kg F
Jib B 2 P A AR IR TR AR AR AN 2L, 42 °C EIR
A, R 15hs THEREFERE K S ELN 6.5%
BHECH, A0, BE T4 RAURaEREE. VFD: 4 1kg
FMBAE-80 °C Tk 12h, SLEUNE T HESA T
MR THEN, H2E 0Mpa, AHHEEAN-78C, T
FR24h, BEMREBEKTETEN6.5% MHH, T
A R AR RS
132 SKbEegmE

1) KL et

HU4~5 g FRE BT 0 & T et ., i 250 mL 281
K BB E T 40 CEE/KBEEA T, EIK 5 min J5HUH
FEdh, WK 5 min, FBYJPEAE RS EEIIT, FHIRKAE
FWNANRHK T ERRE, SR JE A AR R e, 25
% S min U, HEEWK. KT, KE, HEKELS
REMENT 0.5, “FAT 3 HECFIHE.

Rzm]/m() (1)

s RONEKIG, my NEHIR KGR, g m
NFH R, g.

2) T, EIREFRI O R E I

XiF 3 FOA [A) 08 5 2RI 2 AL B E 40 C R AT R K,
XK 104 204 90 min 1) ik T 43 ) SR FH AZ Bl 4R %
I3 BHASGHEAT R 1) St R T 1) () D HLoxd B2 fR st 445 5 0
KA. RBCEMERES (120.1) g MAFESE, BT
Ws & b 3E 47 K. CPMG ik o 5 51 2 80 . 4
21 MHz, 1 % i %
(sampling bandwidth, SW) 200 kHz, 90°fik ' i [&]
(P1) 24 pus, 180°fik #h i [A] (P2) 48 ps, K Af 5 %L
(TD) 400008, FEEM ] (TW) 5000 ms, Z k¥
(NS)8 Y&, [\ % (NECH) 10 000,

(spectrometer frequency, SF)

133 ML e Eegn 2

SR FH €8 22 U155 2 B BT 1) ol B 27K )t P 1 5 S
W2 B AT B e . E B B R AL (Lo a4t
B (a®) FITETETREL (b®) . FFiHEE KRG 1Yt 221
AE = VAL? + Aa™ + Ab?
1.3.4  FARIFA MR 69 M E

D FERERS

VERAREL 2 g Tl S A K il o (K R IR /K 466
BT T 20mL BT, 7E25°C Fins®s, &
H 60 min {ETZSHEAMOL 2P, ARl

2) HTEE

M SE: Tk, KREERIRE 1s, R IS
B 10s, WURFERSE] 5s, VEPERSA] 60 s, I RAERS 7]
N 60s, BUEFAERE 300 mL/min. FAMEES i 3 SF
17, BULKISIE 55~57 s I 3R15 HIFE 2 15 S 3T 00
1.3.5 FAgeymle

(DI QYR AP =3

SN e T N7 T s T o M R R i
L R OB AR 6 by D 0 S A e S5 vt 4 24
2min J5, HEATIBORREEr 74 250, 500 A1 1000 5 1
FHIMEE

2) Yitkartr

2 JH T T 1) 5 A K R B S B s S AT G R
Wse, B K BT ) 5 0 MRS () LA . 3R B 1)
B, 2 RS 1 55 1 AT BT D, &24G 7T 3.0N,
i 43 mm, W3R8 A B AR 5 B %) 09 30 mm/min,
HALFEE 5 AFEA AT
13.6 ekt M E

1D P&

FREL (8.5+0.5) g F At BTl i, BRELL 1:25, BY
T TAE 40 °C EIR /KB EAR /K 0.5 h, & 10 min J5 X Hf
At e, AEIRRIN. HTEERE AR (75+5) g, TEVETHE,
B AT

2) HFENE

FEHUBAR 105 mL FH T3 R . WK, BRIR . RO .
IR R RN A B L VR A [Tk 5 4 [m] R HE A F
SE o FH KCl 504 BRVE T L v E NS LLis .
We 3 Ve W 9 K+ 2 BE+HCL,  IE MR35 e N KClH+/K+2
FE+KOH. WL E T2 Emh I 30s, A [a]
H30s, MIRTEHEE S HERIEYE 3 s, FREFTIE,
MRS 8] 30 s. BAMFEMER 4k, BUG 3 RECAMNER
gk
13.7 T4 &6 ERMFNE

RIS K e = ik, 2R
SEMHE NY/T1676-2008 (£ F 1 oF O 2 4 & = I 5E ) «
1.4 HIESH

B4 K Excel A origin B FE43 47 &, 1 SAS 9.0
BA% 134T Duncan 77 Z 98T, FIEHr B R ] TBtools
v2.096 241, T4 M 5 v BB o M 5 R T
I RS
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2.1 AEFHES R ER E RN EE DA 200

AN A 458 77 20 2 T A 2 28 46 f RN 41 3 R e 4 R
K 1FiR, 43k ND. CTD. VFD G kK4 7494 %,
PR G AATE B 2 FL45 M . ND T8 B )
SEEAR A AEEE, SIERHASNEMTI, 452D
#5570 CTD FfdhRos H 52 AR 35 T 80K K 51 R 40
AR, USSR 2, T LA %% 3 1 22
s, AL EMIANIAR S, TERT FERE M. VFD
ANETF ND #l CTD, 23T FLBRII 210 AR A IR 4544
R ARGk 11 0 Ach BERASE A5 P9 S8 T BT U FLBR, A M HE H
P PR, [ B R T A R ) A A R S K
53 IFE A O R XA, A e K O LA
st P ST R K R TE ,  elb 1 R K o T BT SR A o
ﬁiz[M-lS]o

CTD VFD

a. ANAIT T 3K 2E T B R R 2 2
a. The phenotypic structure of Morchella esculenta with different
drying methods

cTD

VFD

250 i 500 % 1000 i
250 times 500 times 1 000 times

b. ARFEF DT 2 2ERE R E250 S00F11 000 f3% (¥ 45 #4221k
b. The microstructural changes of Morchella esculenta at 250, 500,
and 1 000 times magnification with different drying methods

i: ND AHATH#E, CTD MIEIR T/, VFD AHERGETE, FH.
Note: ND represents natural drying, CTD represents constant temperature
drying, VFD represents vacuum freeze-drying, the same below.

B 1 AR TRy XegFREE e R A LA 5 £ 250, 500 4%
Fa 1000 489 AL A TAL
Fig.1 The phenotypic structure and microstructural changes of
Morchella esculenta at 250, 500, and 1 000 times magnification
with different drying methods

22 ARFEARTEREEFRIREENEN

R AT R RN A, R 1 A TR TR
ZHREME N R EIE RS 2 —, W2 EME TRy
AR P AR5 2 AT 55, IR IR 20 S 2 I
B IR . AR T 2 R R S R A 2 b
TEWME AR, 3MFE AR ERAH 2
S EZEREZE (P<0.05), VFD 5 ND L& &

b CTD 23 5 10.6% 5 8.1%, B @ LM & & CTD
A 2.1% 5 037%, HEFISHIE S B R LT,
REMRBER DGR, TERNZRRGEEA
JRERIFITNRERS 8k, | AR R4 B R RIB R 2
FUBEHAT . P87 SR FH RRT 15 5 A 22 0 5 i B IR
THEZAG T, TR RRRE R s, 5
R A0 3E PR IR B980T WY i SRR, Rl
KPR RS T 2 p g &,

®1 AREFEARXNFERENERYIR

Table 1 The nutrients of Morchella esculenta with different
drying methods
s T
17 IR bEES ]
b :Ef o~ nifl?o ds Amino acids/ Polysaccharides/

ine (mg100 ™) (g100g™)
FS 159.3+0.16d 0.60+0.04d
ND 928.2+1.99b 6.12+0.33b
CTD 924.8+2.81¢ 5.66+0.04¢
VFD 944 .4+1.22a 6.26+0.16a

W FS NHEERES, FSIAR/NG FRFRRZEREE (P<0.05), TH.
Note: FS represents fresh samples,different letters in the same co-lumn indicate
significant differences (P < 0.05), the same below.

2.3 AEFEF R FERE LKA
T I R RO T R R R R RR L IR
MR, EERR. RER . ETRRD AR, DR 2 R S
HIBEWR 22 5. SETEERE AR AILL, T 5 28 5 75 IR
TR BRI, WAES ARG R 3 B R
FmE. S R KNER, R E R 12
HRAMAN R 25 Rk E LR PR S & BHE, Tk
IRk, fERR, BERR[EIRR . BURA BT N, AT REE ERL
HH IR 5 T B A R ThRE, SR T ke
A BRI B SRR A% TR P R4 P A ek
BEVR I T B S X PR R A E A, K 2 R,
VFD b I, BERR[RIBR T BE A [RIBT,  fREH
FE. ND, CTD 53T 3.79 f5. 1.44 551 41.6%.
—FS - ND o CTD --VFD
FHIE Bitterness

iL7S Sweetnesk\’\\\ YUk Astringency
A
JH¥: Saltiness TR [F] R Aftertaste
iR [A[ Lk Richness 8¢k Umami

B2 KRR X9 F I E 6ok it KA
Fig.2 The taste changes of Morchella esculenta with different
drying methods

DML I T AN TR 05 22 18] BB 5 6 i (R 2k
FRAERE S A BRI 5], R E 70 B 75 i3 2 i v
HRAE ) I AT e Wl 3 ps, SR By
TURRE 99.8%,  fE S R 2 K AR 73 = L T L 1 R B AE
F R AT Z A SEARAG BT RIX 7, 5 6 i 2 (]
ARFNER. GRRY], FIETHG & D2
DREVIEAN, FEORERK THEKESR
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B N0 O
T

PC2 0.16%
)

—g—x 6 —4 —29 W 8 10
D

_4 L =
—6F
,8 -
7]0 L
PC199.8%

B3 KRR Xy F BRI 2 5T
Fig.3 The principal component analysis of taste in Morchella
esculenta with different drying methods

24 ARIFEAXTEKEEFE KM GERI RN

Rt B T R KR R 4B 5K S R R R IR
BRFERE, CR AT EE R AR T
X 7K B R WS B A AR 2 4 5 T I BORK B 31 B 41
PiRp 10, B 4w, ARFE TR T SR R K B ME
Xs& VED>CTD>ND, VFD & /K45t ND. CTD
i 8.0% 6.2%, HEMEZILEWER, AR T KIS E
BrOE AL

CTD VFD
AN[FEALHE Different treatments

B4 R FRFRNaFIE I K
Fig.4 The rehydration ratio of Morchella esculenta with different
drying methods

AN TR I8 2 2 ok TR A K G R A 1 ot 7 T T
K5 s, 837 A% BE L 4IR 43 BT vl 3R A5 5th 5 ) 545
SIRIE 2 A 5 RPN, st #Rad FE A2 2 T S KR AR Sy
THKD T2 A FEER M S B TRm, T, et
FEMK B B EK, SERERAE S KRR AT 2~3
ANH oy 0, KRR UG BB R) 2 R Ty WL T, VS
Ty Vg, KIS EKS ANGHBK. BHK. SIKEE
R, BAENE AR, A RsKR E BAKR E H
BERRSE ETF, KM s AR G s K
Bl A 5K E) I AE KA W v, 0 BH R R AR X K 23

[9%)
w9 ®
™

[

/K . Rehydration ratio
W W W W W W W
~

SR EZEEHASRIKEER, VFD R
HNFEH . ND Al CTD F5th i (8] 2K T VFD, &l 71
H AN, 5 ND T CTD )23 1 B PR 350 308 45
HHKo

® 1600 - —— 10 min
2 1400} -~~~ 20min
£ a00b 90 min
S o0}
g 800t
.20
@ 600
i 400}
i
g 2001 \\
= 0 L L dess. A1 L N
0.001 0.01 0.1 1 10 100 100010000
T 1] 5t BRI 5] Transverse relaxation time(7,)/ms
a.ND
3 1200 —— 10 min
= ----20 min P
S1000F 90 min i
E 800 n G
g 600
2
7 400
i
:ﬂ 200 .
il 0 . . > i NG
0.001 0.01 0.1 1 10 100 100010000
1% [ it #4157 Transverse relaxation time(7,)/ms
b.CTD
§ 2500 —10min
£ ----20 min
g2000f 77 50 i "
Fas
= 1500 H
5 i\
21000 j
IE 500 -
iy )
Ellig 0 L L L L L N e
0.001 0.01 0.1 1 10 100 100010 000
1% [71) 5 F25) (7] Transverse relaxation time(7,)/ms
c. VFD

B5 RRFRFRGFRE T, B
Fig.5 The T, spectrum of Morchella esculenta with different
drying methods

g 2 Bon, BOKIEREH, 3 MR R FE
LB K> AN A ER, EEIINAINA S shK 4,
A K Ayo A G TSN 7K [T AR A 57K IR B SE AN W7
1, B HKEm R E S & A~ Hd VED
Ty, TR WEZEH A RE, IR [AIE N, A SR sl KIE 4,,
ARGy st P Ay TR PRI BT, SRR PR BTt
EEKTEH, EHK Ty TRER, KRN,
KR

*2 FRTHBEARWFREE KIS 7, EIEIEEREEEGIEL

Table 2 The change in peak area and proportion of 7, spectra during rehydration of Morchella esculenta using different drying methods

FT5 K} E] VT Peak area WAL LB Peak area ratio /%
Drying methods Rehydration time /min AR Ay Ay Ay Ay Ay Ay
10 11543.704¢ 70.267c 9509.317¢ 1964.120a 0.609¢ 82.377c 17.015a
ND 20 15274.892a 266.857a 13482.91b 1525.124b 1.747a 88.268b 9.985b
90 15167.429b 149.115b 14020.17a 998.148¢ 0.983b 92.436a 6.581c
10 11694.305¢ 103.734¢ 10986.55¢ 604.018¢c 0.854b 90.492b 4.975b
CTD 20 15864.941b 473.187a 14673.46b 718.296b 2.983a 92.490a 4.528b
90 17157.789a 134.391b 15444.48a 1578.921a 0.783¢ 90.014b 9.202a
10 13730.809¢ / 13390.97¢ 339.839¢ / 97.525a 2.475b
VFD 20 22215.255b / 21401.59b 813.663a / 96.337b 3.663a
90 25717.915a / 25180.64a 537.277b / 97911a 2.089b

VE: ¢/ FRIR VED EIKTE 4, A,

Note: “/” represents no peak was appeared in 4,, of VFD rehydration.



292 flk TR (http:/www.tcsae.org)

2024 4

25 TEFHEARERBESKIEN MRI T

W RE 3R A% (magnetic resonance imaging, MRI) £
AR TE B 5 135 FEE DA A5 AT DA B2 7R S R B it 5
KGN EK 5 S, R WS, SR, U
B H B3 BOR, FEa R K s, S BEAR UG AR bl RF K
PEAR . AN [ 52 K B T 2 i B A% D7) T ) MIRT £ % P KL
K6, fKERMXBALARR, S/KEMKXEM
AR,
6000

%2 7K10 min 5000

Rehydrate

10 min 4000

3000

5 7K90 min 2000

Rehydrate

90 min 1000

0
ND CTD VFD
B6 KRBTSR 4GFAE E K 10min 5 90 min
) MRI B1%

Fig.6 The MRI images of Morchella esculenta rehydrated with

different drying methods for 10 minutes and 90 minutes

AR 477 3R 3 JH A Bt S K I AT 4, 2 E
G TR Hy A1 P ) SN, IR EEA — SR B A
AR 7 &5, R AR f2 S T DY J %8 3R A 2k
) ) 45 SRAERE, VFD SERER RO T REFIKE e
KGR LF 58 B E R AIRAS . CTD F B 4F 4k
WK Z B A IS, WROoKBE J1idy, BKJE 4 48

A EITERCRE, HE B EEkREFELE
JKA#E, ND H1 CTD & /KIEFZILT VFD. E7K 90 min
BF, K35 511 B K /N T AR X VED>ND > CTD.
AN A5 77 200 2 T B KPR BRI B2 W 22 5 W] e S5 N B
SEM AL E DI, TR R /K BB A ML 4Rt
HAEAGR TG KEEEH T BMEEMH, £S5
R (0 7K B i ) ),
2.6 ARFEARMEREEKBIFEINAEFHEN
AU EEE AR 2 00 R B B B B R i MR TT 35 1
B, M. BEAUKREE M AE AR
RERESEPFMZLPY, h3% 3 /%, ND. CTD k&K
JE 2T TR B A S T B I LB 2R R, SR
AHEE, ND H1 CTD FARIIFREREE 14 2.82% F119.69%,
P 25 PR 29 51N 9.67% AT 11.94%; ND Al CTD &K
Ji R AV ) B AR RE B 43 5 26.77% F147.38%, T4 i I %
TRARE S 1H 36.92% A138.26%. HHXT At B &F 5, VED
(1) 2 B T A AR 5 B i 1 LE S BT, BRSNS,
51 20.86% 16.13%, KR E S T b By 2K i S
SR SR A B R S8 i 8 e S [ 7= AR T, KR A
LB NS R R LME I BRAR, R RRIE A
17.37%- 34.08%, 7KJ& %= KWL 5 A i,
KSR EKD TSR TFURMGEE SRR, VIRER
PR P o v R B A 2R T S A Y R B T
2K G B B AE R 4> 5 8 VFD> CTD> ND 5
VFD<ND<CTD, M )N VFD<ND<CTD. VFD f¢
5 ORAIE 2 ik 8 1 & B =K LR AN 3, A R+ 5
A PERIIR T o X S AR BIE T B PR T4 B A B
BT L B AR T = Rl 7 20 VFD 1 (22 5/
FIM—E

®3 ARTERARANFREERESESESKAEHEFEL

Table 3 The color changes of Morchella esculenta stalks and caps with different drying methods before and after rehydration

. T Stipe H i Cap
TR iR L* a* b* AE L* a* b* AE
Drying EERE
methods e 63.80£6.43Ba  2.5540.66Bd  15.93£2.42Ab 24.62+41.16Ba 3.02£0.49Aa  12.44+1.05Aa
Fresh samples
ND SR 62.0043.59B  42140.63A  16.1542.00A  2.46C 2224+1.99C  1.60+0.39C 5.36+0.56C 7.60B
CTD Before rehvdrati 51.24£120C  4.16£1.16A  13.9942.64C  12.88B  21.6842.14C  1.44+0.17D 4.45+0.74D  8.66A
VFD cfore rehydration 77 11,5564 2.14+1.19C 1490+322B  14.59A  28.59+1.41A  2.08+0.37B 8.28+0.40B 5.83C
ND SR 46.72+0.66¢ 6.95+0.85b 1457+131c  17.37b 15.53+1.73c¢ 2.36+0.73b 4.06+0.86¢ 12.38a
CTD After e 5': . 33.5743.02d  7.34+1.33a 11.95:0.61d  30.47a 15.2041.46¢ 2.08+0.65¢ 3.69£0.60d  12.89a
VFD er rehydration 52.72+1.19b 6.48+0.76¢ 17.94+0.96a  12.28¢ 16.23+0.47b 2.5620.88b 4.63+0.97b 11.47b

e FIAF RS FRFRRA R T 2K Z R 82 (P <0.05), FFIARR/NG FREORAF 6l KR K 2257 53 (P <0.05).
Note: Different uppercase letters in the same column indicate significant differences before rehydration for different dried products (P<0.05), different lowercase letters in the
same column indicate significant differences after rehydration for different dried products (P<0.05).

2.7 ARFES R E R E KA RN

5 M2 ) o L S SRR SR AR, SR A2 3
TR FE R R A 5 A EE R 5, H T R8T
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Effects of different drying methods on the quality characteristics and
rehydration performance of Morchella esculenta

MA Jiajia , DONG Minghui® , QUAN Xinyao , SHAO Qianshuo , JIN Meijuan , WANG Yuning

(Jiangsu Taihu Agricultural Science Research Institute, Suzhou 215105, China)

Abstract: Morchella esculenta was prone to decay and deterioration after harvesting and they were mainly circulated in the
market as dried products. The choice of different drying methods was related to the quality characteristics of dried and
rehydration products of Morchella esculenta, mainly including sensory and nutritional characteristics. The color, aroma, taste,
type, and qualities of Morchella esculenta were mainly evaluated through five dimensions. In this study, Morchella sextelata
(Mel-6) was used to explore the effect of different drying methods and rehydration treatments on its quality changes. Three
strategies including natural drying (ND), constant temperature drying (CTD), and vacuum freeze-drying (VFD) were used to
study their effects on the microstructure, taste, nutritional qualities, and rehydration performance of Morchella esculenta. The
differences in texture, color, and flavor before and after rehydration, and their drying characteristics were analyzed. The results
showed that the amino acids, crude polysaccharide, and sweetness of Morchella esculenta under VFD treatment were
944 mg/100 g. 6.26 g/100 g. 19.73 respectively, significantly higher (P<0.05) than the other two drying methods. The
brightness of the stem and cap of Morchella esculenta under VFD treatment was significantly improved (P<0.05) with less
color difference, the value of AE was 5.83. Moreover, the volatile profiles analysis of Morchella esculenta before and after
drying and rehydration treatment suggested a clear difference with distinguishable flavor components, according to the
principal component analysis (PCA) of electronic nose data. The VFD-treated Morchella esculenta maintained the optimal
rehydration ratio due to its porous microstructure with uniform pores distribution. The low-field nuclear magnetic resonance(LF-
NMR) combined with magnetic resonance imaging (MRI) showed that the immobilized water of Morchella esculenta during
the rehydration process was increased continuously with faster rehydration speed within 20 minutes and the best rehydration
uniformity under VFD treatment. The color difference (AE) of the stem and cap after VFD rehydration were 12.28 and 11.47
respectively, they changed less significantly (P<0.05) compared to the other two drying methods. The brittleness of the stem
and cap of Morchella esculenta after VFD rehydration were 35.87N/mm and 10.42N/mm, they remained similar with CTD.
The distribution of sensory and nutritional variables in samples with different drying methods was intuitively demonstrated by
the results of cluster and correlation analysis, The high-quality characteristics were maintained with vacuum freeze-drying
technology during the drying and rehydration process of Morchella esculenta, further demonstrating the feasibility of vacuum
freeze-drying in the drying of Morchella esculenta. These results would provide solid guidelines for the optimal processing
method of dried Morchella esculenta products.

Keywords: Morchella esculenta; drying method; sensory quality; nutritional quality; rehydration performance
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