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Abstract: Fresh Dictyophora rubrovalvata M.Zang was subjected to coal fire drying (CFD), air source heat pump
drying (ASHPD), microwave vacuum drying combined with forced air drying (MVD+FAD), and vacuum freeze drying (VFD).
The quality attributes of the dried samples, including appearance, color, nutritional composition, amino acid composition,
texture properties, and microstructures, were compared. Based on the experimental results, VFD could maintain the stalk and

skirt shape of D. rubrovalvata M.Zang to the maximum extent. The VFD-processed samples had the highest protein, crude
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fiber, and total acid contents, and their color was the closest to that of fresh products (AE=3.60). The stalk and skirt shape of

D. rubrovalvata M.Zang prepared by ASHPD were also well maintained. In addition, the ASHPD-processed sample had the highest

fat content and its protein content was preserved reasonably well after ASHPD. The sweetness/bitterness value of D. rubrovalvata

M.Zang dried by different methods was ranked as follows: VED (4.99%)>MVD+FAD (4.66%)>ASHPD (4.50%) >CFD (4.37%).

The tissue structure of the VFD sample was brittle, and its internal binding force was smaller than that of the other samples.

Notably, these properties are similar to those of fresh products. However, the dried products prepared using the other three

drying methods had greater internal binding strengths and higher resistance to damage. As a result, more energy is needed

for chewing before swallowing. The D. rubrovalvata M.Zang samples prepared by VFD and ASHPD had clearer cellular

structures, with VFD enabling better preservation of the original cellular structure. The comprehensive evaluation results

of the drying methods appeared in the following order: VFD>MVD+FAD>ASHPD>CFD. Overall, VFD is an ideal drying

method; however, this method is associated with a higher cost than the other methods. Among the methods, ASHPD has a

higher promotion value in practical production.
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Table 1 Color parameters of D. rubrovalvata M.Zang by different drying methods

FRF X KoM E55% L a b C H AE

F — 80.78 £ 2.87" 4.61 £0.83" 11.79 £0.58" 12.89 +1.34" 68.99 +2.71° —
CFD 12.45+0.006°  90.56 +1.66° 2.73 +0.28" 10.70 + 1.39" 11.12 +1.40° 49.18 £0.10° 10.02 = 0.73"
ASHPD 12.18+0.01°  86.70+ 1.80° 6.62+0.69° 21.54+1.25° 22.42 +1.39° 72.96 +0.98° 11.67 *0.96°
MVD+FAD  10.35+0.005" 87.22+3.84" 6.06+ 1.07° 14.47+1.26° 17.20 +2.26" 48.63+0.18" 7.13 +1.30°
VED 8.63+0.004"  83.17%2.06° 2.91+0.33" 14.17+0.96° 14.35+0.89° 78.47+0.78 3.60 +0.26"

E: R AR NEFEEATERAEE (P<0.05); “— AT TRIATIREE KGR E S 4.

R 2 FAEFTRAXMIRMNABERERHSSEHNZMW (%, RESE)
Table 2 Effects of different drying methods on basic nutrient content of D. rubrovalvata M.Zang (%)

FrFr X AR Jig Jo AL L R BB
CFD 15.80 % 0.40 2.05+0.10° 7.80+0.17° 5.93 +0.06° 0.39 +0.03"
ASHPD 17.00 + 1.00% 2.53+0.18° 6.60 +0.14" 5.74 %0.05" 0.39 +0.03°
MVD+FAD 16.10 £ 0.35° 2.06 £0.11° 8.10+0.14% 5.74 +0.08" 0.48 +0.04°
VFD 18.40 = 0.45 2.08 £0.12° 8.40 +0.14° 547 +2.51° 0.44 +0.04*

E: RAIARRNEBEFEATERLEE (P<005). K3 F.
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NEER AR AT, EWE RGN R
B v R B AR, R R4
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XA ZE M LRI B AR PR, AN AT 4
J7 AR IR E IR S 8N 0.66%~0.77%, VFD 4]
I, ASHPD #likz. Ak, BERTE & 2R
W R N VED 4, R SR T
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Fig.2 Analysis of the flavoring amino acids of

D. rubrovalvata M.Zang

&3 ARTFEAXMLAIEMAEERSENZIN

Table 3 Effects of different drying methods on amino acid content of D. rubrovalvata M.Zang

BB R E D%

FA A £
CFD ASHPD MVD+FAD VFD
RAZFL (asp)  0.98£0.04°  0.88 £0.04° 1.09 £0.07° 1.12£0.06°
2B (thr) 0.40 £ 0.04" 0.36 £0.04* 0.44 £0.05 0.45 £0.04°
4 F B4 (ser) 0.36 +0.04° 0.26 £0.03" 0.42 +0.04° 0.36 £0.01°
2B (glu) 129+0.03°  1.54%0.006"  1.62+0.04° 1.89 £0.02°
H A (gly) 0.43+0.02°  048%0.03"  0.42+0.006°  0.47 £0.02*
AEE (ala) 0.90 £0.02° 0.80 £ 0.03" 0.65 £0.02° 0.64 £ 0.04°
4R BA (val) 0.73+0.02°  0.80£0.007°  0.76 £0.02° 0.82 +0.02
B H B (met) 0.16 £ 0.02" 0.17 £0.02° 0.16 £0.01° 0.17 £0.01°
Fm A (le)  029%0.02° 033+0.02°  029+0.02°  0.32%0.01°
Z R (leu) 0.66 £ 0.04° 0.77£0.02°  0.69%0.02  0.75%0.005™
B 2B (tyr) 0.48+0.01°  052%0.02° 050%0.01"  0.50%0.02"
F AR (phe)  0.52+0.01°  0.61+0.008°  0.56+0.02°  0.68 *0.03"
BAFL (lys) 0.45+0.02"  0.48+0.02™ 043 £0.01° 0.49 £ 0.02°
21 5 B4 (his) 0.20 £ 0.03" 0.21 £0.02° 021 £0.01° 0.23 £0.02°
F& R B (arg) 0.43£0.02°  0.50£0.005"°  0.52£0.03 0.52£0.02°
2B (pro) 0.41 £0.03" 0.54 £0.02° 0.46 £0.01° 0.51 £0.02°
EAA 3.69 4.04 3.83 4.18
NEAA 5.00 521 5.39 5.74
TAA 8.69 9.25 9.22 9.92
EAA/TAA 0.42 0.44 0.42 0.42
EAA/NEAA 0.58 0.56 0.58 0.58

SRS R B A A RO R R A, AR
LR ) R, T LUK =R R 40 o 5 R
BER . EHPRE IR . TR E R LR E SRR
Bl 2 Sy DUl RS LR AT B A ], AN Ry
AFET IR B R R LR 22 5 58 8.09%~9.92%,
H o VFD 41> ASHPD 41 > MVD+FAD 41 > CFD
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TR R REF R DU RN 32, BRI R L2 IR
BEIEGREER, HER. HER. Z2%2RAME
PR I HH I JEL (D o, X AEROR R T AT R R
i 3 (1) iR 1A

2.5 F O Kot B e e B e

ETH Tt SHER RS R
AR AR, TPAL BY ) Sy A A I e mr LA
U b 52 30 F P TR 2H 2R 45 R R R L AN AR AR A . B
F 4V, VFD AT mAEE (1011, NEME
(0.30). BREEME (2.98 N) FIMHIEM: (6.85 M) #x
AN, G (718N, 028, 203N, 423 M) KA &
FMZER (P>0.05) ; CFD. ASHPD £l MVD+FAD
SHENTIRT RIS . RV RS TE g
i S AR ZE K (P<<0.05), X3 W #4145
(AT 35 i HR B0 52 400 I 2 IR 2 B 1 e TR

M, WM ENRA, THIHEEZNEERE
A e R

SKJE, ANETFR LA 2 KT 80 B AN A7 ALE
EEMEZER (P>0.05), {HEKTZRPIEEE AR N 5
K 5 2.03~3.52 fi%, Mo VED A AT 75 5 K Al
Ji5 6 R AR Ak B K. Ak, ASHPD 4 #l MVD+FAD
HATIRT BRI KRR S P SR M RS PEL PH g
ENE S YN DAY SN TR AR ST kR E RV &SR
PEZER (P>0.05), X3 BIXH AT 77 ik % 1
Pr3h A A R AE M L. VED AT 2R B K BT 41
71 (548 ND g Khifd /) (4.00 N) 5 ASHPD H
(7.03N,4.80 N) FIMVD+FAD# (6.42N,5.20 N)
WA BB 2R (P<0.05), XEH, CFD AT
FH A1 ASHPD. MVD-+FAD P 4147 7 1 F 14 UH g
FH AR A () T B A7 TR B R AN AL

i IR R AT LA, VED HH 51T 3R A
FHIE 5 ASHPD ZH A1 MVD+FAD 2H 7776 B 55 (R AN 4]
VFD i &R B e, HER WML S TN,
Lt G 25 A eI

& 4 TRTFEAXDREMABBRGFFES T
Table 4 Analysis of texture propery of D. rubrovalvata M.Zang by different drying methods

T X A2 JEIN FERPME /MT A RE/Ratio BRASME/N  sERRM/MI RRXITWA/N RXIEMH/N
8 5 — 718091  0.021+0.01° 028+0.01° 2.03+0.17° 423+0.42° — —
------ CFD 1938+ 150° 00180003 0.51+005 893+082° 1996+ 146" 53.70+2.70° 34.60%2.00°
. ASHPD  18.03+1.19° 0.060+0.005° 045+0.03° 803+1.22° 1647+138 573+347"  2450+131°
" MVD+FAD 16.06+0.11° 0.032+0.002° 040%002° 7.18+035° 1895+025° 4856+140" 21.10+ 1.66°
VED 10.11£0.39°  0.029+0.01°  030%0.02° 298+024" 6.85+136" 41.10+1.16° —
------ CFD  3931+122° 041+003° 0444003 21.58+1.71° 3828+084° 7.78+052"  3.90+0.48"
ASHPD  3847+190" 026+0.01°  0.55%+0.02° 20.74+1.26° 41.81+0.96° 7.03+0.39°  4.80+0.20"
*'MVD+EAD 37.59£0.66° 0.40%0.07°  0.55+0.03° 21.96+239" 42.96*0.64" 6.42+0.82°  520%0.42°
VED  3558+1.42° 0.57+0.04°  044+0.03" 14.02+0.49" 27.17+123" 548+0.38  4.00+0.22"

E: St T RRI AR EFEEAFEFEE (P<005), AKRINARNEFFEATERFREFE (P<005),“— ATx.

2.6 T R oW 5 A B B e

KHAR R ML IS HE 3 0]
A1, AR T 2 A& T 2R N AL A S A AN R
CFD 247 2545 ¥ 3R TH A SR AR i EPIR &4, 4
MM R4 T B R94E, FERg s, BTE
PrERFHE R, e gk,  HAFHREAE
JE, FEUKS TR E BB KGR . ASHPD
HYr MG ] WL, BRGHHE, (BF
BB 4 S5 M R, R B A IR AR
55.0 CULR, {HHAZRER R, B SR
T, BHKMITEERRNR, FHREMEK
JIR T4 BEprdy sm B, 51T 2040 i 2 2k 22

MVD+FAD 1T IR0 MR 25 M A K B e, ZH 2454
TR RE S, (HHEERmE BN, AURESESA
R BAIR, X 5T IRE R TR B )
SRIKE R EAT . VED AT IR G K 725, 40
Mg i) 2K BETHE G BT AR, SR R
SEL SERE, G A FLIRGE M

EL# &, VED A1 ASHPD 1] £ 77 20 ) 2 bR
SERIBR IR, VED SEUF (I ORFE T 1128 A g 4
MVD+FAD & A %547 25 40 i 25 74 32 B BH 2 B 3R
B TR AKGE R R S BT IR AR 5 R R
TR A
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3 AETFBRA XA EN
Fig.3 Scanning electron micrographs of D. rubrovalvata M.Zang dried with different drying methods

7Z: (a) CFD; (b) ASHPD; (¢c) MVD+FAD ; (d) VFD. T4Rr1: 74K 300 4&; F47r2: 3K 1000 4Z.

x5 ARMIAARREITMISIAEX REL

Table 5 Correlation coefficients of different evaluation indicators of D. rubrovalvata M.Zang

WhEAE BEEAE BRAAR EZREAAR RaAR BB BS% A AR AgH RAXTWA
& &£ AE 1

A% §-3: 3 -0.759 1
E2RAUAER 0707 0.997" 1

Eak -0.606 0.923 0.936

BAE -0.676 0.425 0.372 0.055 1

AL L -0.868 0.335 0.262 0.172  0.654 1

AE -0.925 -0.943 -0917  -0.855 -0.513 -0.618 1

M R -0.889 -0.966" -0.944  -0.822 -0.611 -0.549 0980 1

ik 0 -0.748 -0.928 -0.925  -0.977" -0.166 —0.374 0929 0877 1
RXFWA -0.669 -0.905 -0.898  -0.687 -0.678 -0.278 0.808 0.909 0.682 1

E: o P<0.01 ZMIFEMX; * E P<0.05 ZREAX,

2.7 A REAF A AT B9 A8 K AT

PAtPe (R0 AE). EEEFYIGE (Bakt
M. ERREIERR. HEAB. SR B
Rt CREFZ. AEENE. EEAECRETY) /) 104
IRV B R BN AR, KEE, BRI EE
ANFRIESEREAT Pearson AHIHE M, SG55R MK 5. AT
DA, SRR EREERENEZ MR, W
M SERARSERERZ MR, SHER R M
xR, HEMESERARSG EREE MR XRY, 4
FEVT IR T 2R E SR AN AR VEAAAE— S AR R,
M I RALRI AT e, TR 2R 2T 2R K B AN
HAFUSE HEE AR L RSN RO,
FELLFTATINSEPRE T, APREE TR BUR A RF AL
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T HIIN Tod A o 75 A B o B
2.8 FETFEF XN TLETINH RN E AT

BTN B EA AE WM, HiFNEis e
BENERD, REFREAOEP IS I, B
B FETRAR BB IR TR AT A G R
IYBC, FARSEARFR IS T R R Ay HHER 6 AT
B, LAEATINERE (0.15). MHIEYE (0.14).
WER (0.12). EEAM (0.12). BE 0.1,
R BE (0100 Flf KE5 V)77 (0.10) BEECK,
FHIX 7 DN FRBRXTZLFEAT IR AN 5 R OK T,
TP XX 7 AN FRAR AR K. DA 7
ZEOVENEE RN VFD(1.23)>MVD+FAD(0.56) >
ASHPD (0.46)>CFD (0.26).
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& 6 FRITEAXLENIFRIERITELEIE, NE
MG
Table 6 Comprehensive score of different drying methods of

D. rubrovalvata M.Zang

Gy

EaNg=)

R RE

CFD ASHPD MVD+FAD VFD

BAKE 0082 0.00 0.066 0.022  0.082
BAAE%Z 0.2 000 0.021 0.028 0.12
BAREE 010  0.00  0.042 0.018 0.10
HAKE 008 000 0.063 0.020 0.86
BWAERE 0076 0.029  0.00 0.039  0.076
BEE&ZAE 0092 0019 0.00 0.052 0.092
EAAB 0075 0.00 0.034 0.033 0.076
EoR&HABR 0074 000 0.038 0.031 0.074
@k 012 000 0.056 0.010 0.12
BAE 0.15 0.00  0.00 0.15 0.084
LY 0.062 0.041  0.00 0.051  0.062
BE 0.11  0.00 0.016 0.010 0.11
MEM 0068 0.068 0.048 0.032 0.00
sEAgE 014 0.00  0.037 0.011 0.14
"XFAH 010 010  0.040 0.018 0.00

At — 026 046 0.56 1.23
HA — 4 3 2 1
=" RTA,

3 %P

WL R, A5 7 R X 2L FR AT 351 4b
o BB BRI TR RGO 25 0 7= A AN
[F) F2 FE I 50 . VED 1T DL AR K IR RS b OR 458 77 208 B
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B, PR S8 EEIL (AE=3.60) ; ASHPD il
2 W7 2R A R T AR AN AR FRELLE, s, iR
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A& BT IR LLEEE R O 32, B B R / R
8 4 VFD 4 (4.99%)>MVD+FAD 4 (4.66%) >
ASHPD 4 (4.50%)>CFD 41 (4.37%). % T 18
TR % 1) 28 P 08 B JO ) e 2 S BB () AN [
VFD il % BT 25 ai M ife, AN 455
FIEIN, T 7 = Bl 48 07 2 46 IR 7T 28 Y i
HHBR, WUz iRe 1R, FEETREE 2N
RE & 4 BE M RE. Uk 4k, VED A ASHPD 1l % 77 25
FC) 20 IR 45 # EL 3 B B, VED BB B (AR 55 T AT 70
JRA 4 Es i U407 MR A 1R N A
AURT % (VFD) > Gk + B33 R & T 15

(MVD+FAD) > SR M IE T8 (ASHPD) > 14 4;
KT8 (CFDD.,
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