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Abstract: To investigate the effects of different pretreatment methods on the drying rate and quality of vacuum freeze-dry-
ing chanterelles, this study systematically compared four techniques: microwave pretreatment (MP), blanching pretreat-
ment (BP), osmotic pretreatment (OP), and hot air pretreatment (HP). The effects of these pretreatments were evaluated
based on several indicators, including drying characteristics, microstructure, rehydration capacity, color difference, total
phenol and flavonoid content, antioxidant capacity, free amino acid content, and volatile flavor composition. The results
demonstrated that compared to the control group (which required 16 hours of drying), the drying durations of MP, BP, OP,
and HP were shortened to 13, 11, 11, and 13 hours, respectively. MP, BP, and OP significantly damaged the cellular struc-
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ture of chanterelles, resulting in reduced levels of total phenols, total flavonoids, antioxidant activity, and free amino acids.

In contrast, HP better preserved the tissue structure and led to increases in total phenol content, DPPH radical scavenging

activity, ABTS" radical scavenging activity, and free amino acid content by 12.33%, 30.38%, 51.15%, and 59.86%, respec-

tively. Furthermore, the number of volatile flavor compounds increased by 8, 4, and 4 types in the HP, BP, and OP groups,

respectively. However, the total content of volatile flavor compounds declined in MP, BP, and OP, with only HP exhibiting

an overall increase. Notably, key flavor constituents such as 1-octene-3-ol, trans-2-octenal, and 2-pentylfuran increased by

13.32%, 332.03%, and 184.44%, respectively. In terms of product quality, the rehydration capacity and color retention of

chanterelles subjected to HP and MP were superior to those treated with BP and OP. Overall, hot air pretreatment (HP)

emerged as the more effective pretreatment method for vacuum freeze-drying chanterelles, providing a valuable reference

for improving the quality and industrial processing of dried edible fungi.
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Table 1 Effect of different pretreatments on the rehydration ratio and color difference of chanterelles
Tk B )73 K (%) L a b’ AE
Fresh - 65.61+2.36" 25.85+2.44* 64.40+2.13° —
Control 6.75+0.04" 65.131.96 16.23+1.32° 35.02+2.13¢ 30.99+2.30°
MP 6.50+0.05" 65.11£2.01° 15.82+1.17° 42.38+1.94° 24.31+1.80°
BP 5.93+0.06° 70.24+1.86" 11.32+1.23¢ 32.24+1.81¢ 35.65+1.86"
OP 5.83+0.14¢ 57.82+2.38° 18.12+1.14° 35.85+1.43°¢ 30.68+1.64°
HP 6.74+0.04° 64.80+1.26° 18.88+0.84° 41.54+2.04° 23.95+2.12¢

W BRI RS A B 225 5 (P<0.05); “—" FoRFreshZl R ¥ 1, T KE; HAE M (625 5 iR 5 AE .,
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M) LB A, HAZH N L. o™ b (EIREIR. XY
TR AZSE S N REH R A AR ISR, 76 BP 4
e, XE I T i R T R R A S, Sl
EZWAR AP AN, B m iR RS AT e A e
it P4y 3 P 3 R i, A A0 ) S A AR R N A kA
PRI L7 T HALE . T BAL B VR TS I RE &
a”. bEIE R, B T o] T (R €2, R RE
Pt O Syl o E T S A TS bAoA el E N T TS = e U
2A ) TR 3 WA T O TR M, S B0 (0, e A AR AP
AE {HR )N, IS AR gtk /]S, nT AN b 3
i MP 5 & FIALFE 19 HP 4 & 40 5 B0 0 2% fh i
INo BEH L. a". BT AE JE 4T, AT HP fORKRE
BELREA TR XS I B B 0, 35 EOAE S —Fh g A
I,
24 AEMAEAAINIGHELE,. SHEESEM0
220

il T By 2 S RS TS R 4TI fE
HAA BRI, 2 PPl 8 5 5 SRR T R4 S B Al
Sy WA 3 s, AS[E] AL BRI B TR R SR
55 SR S B B W 25 7 (P<0.05) . Hirf HP 26
5 Control £H 4 & 14 S0y 5 BB il S i 455 v, HP 21
B S R RS RSy 2.46 mg GAE/g. 2.52 mg
RE/g; Control ZH &5 EL2& i & 54351/ 2.19 mg
GAE/g. 2.63 mg RE/g. HP 4 G5 B sl & a4
1o ) L R AR R S e 4, FLAIIRL R TS 0L,
PSP Z BEMEY. AWFFEEREH, 1 SR
A R T R S R R S R AR
AT AR et 5 S B O R SR LB T 1,
MR 3248 5 B R 45 14 A2 APY, Rtk Control 21
ST RIS B S B A T R KRR & . MPL BP FI
OP 21 Z2 13 5 ek ALK 1) Dot DR 1 26 4 I LA PRk
P, bR Hr AR A TRLEE NI T 22 W I ) B A
H. BP F11 OP TAbIR LKW A 0T, Ik 21 5 2
T4 T P R 2R

MP BP
ALy
Bl 3 NI TA 3 SO G T TR B L A B B
P2
Fig.3 Effect of different pretreatments on the total phenol
and total flavonoid contents of chanterelles
T AN R /ING S 53 51 3278 45 21 ]S % et 55 SB35
HAT R 255 (P<0.05)

2.5 AEMAIESTIE;HE DPPH. ABTS BHHEAER
N

DPPH Fl1 ABTS'H H13&iE R EE S0k 2 FHF
RERIRY) R BIPTEALTE M. anEl 4 s, HP 4190
W DPPH H Hi 3L ABTS' [ H L35 I 343501
42.02% A 75.94%, FLI0H b 25 O HAh2H b LAk
HE 771 (P<0.05) . Control 215 MP 47 DPPH H i1
FLIE G R 07 MIATAE 225, 76 ABTS' H LR Ry
i JCHH 252 55 BP 40 f1 OP 40 7 DPPH Fl1 ABTS"
F S BRR ¥ e 22 5 . HP . BA mbisEfb
HE 7114 T2 i R LA 40 v VA R g R e ] 5
2Py AN e TR 24 S ELAG i SR A LA, AT A A
JEFIAT A, T HA SPrE s RS, Kittibun-
chakul 257 FRFTRT IR PR B AR RSP
EALRE ST IRE IR, R ILRTHAES 50, 60 °C IR T #4
R EERORES, DPPH [ ISV BRR IR EH 25, 5
ARSLEG TSRS Ie—2 . I, PTLLEE AT AL B]
VE Ry —FhH2 i AR B T S PR RE T 2 55 A 5K
TR

100 1100
DPPH [ tHB& 75 bR % .
S 1 ABTS"H H2£1HBR % S
< 80 a 180 ;
5 &
=) 160 sz
o~ b i~
fu C c A B
£ 40t g {40 E
o C C C o
z .
20 120
A 2
0 Lo
Control MP BP oP HP
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El 4 AFETAE TS E DPPH, ABTS A HEE R
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Fig.4 Effect of different pretreatments on the free radical scav-
enging capacity of DPPH and ABTS" in chanterelles
VxR KNG Bk 5 935 4% 4L1 DPPH [ th B3R A 7
5 ABTS™H AR AE T HA 35 2257 (P<0.05).
2.6 ANEFRALIEF IS G EE SRR AR
WFES 2 LR (FAA) WSS 5 5 B2 PP XS il B
TR G KRR CEHE R, HEOCRFIHAEH
PHE SR E . AR FRAL S v R TR XS Tl B Y
U B A FER AN | B B L) SOXBRFFIE AN 2 s, A4S
S v RS I 2 B U B AL R T 17 B, S R
T BURTHACFE(HP, 22.95+1.87 mg/g)>2% [ X B ZH
(Control, 14.36+1.04 mg/g)>#UTALEL(MP, 13.90+
0.05 mg/g)>i5 i WiLLFL(OP, 11.96+0.05 mg/g) >4t
R WALTE(BP, 9.38+0.19 mg/g), FXUH AL HHLH Iif7 25
ZAEIR S W e T AL (P<0.05) . Hirp, HP
ZH FAA & A FL2S X BREH IR 55 T 59.82%, 3X 7T
AEA R XTI BRAE DE T 25 FUBTK A, AT 1
WS FLRR /KT, W MP 40 FAA &= R AT
ABJE th TR SIS 1 EE Al TE, BEAS T8
HIREME S FAA BB, 1 OP 5 BP ZHHY FAA
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Table 2  Effect of different pretreatments on the free amino acid contents of chanterelles
i (mg/g)
TeBs & SRR KU
Control MP BP oP HP
IR 0.2140.05¢ 0.24+0.01% 0.29+0.01° 0.23+0.03% 0.48+0.06° it
KRN 0.28+0.01¢ 0.290.03¢ 0.37+0.02" 0.30:£0.02¢ 0.54+0.01°
it 2R 0.10£0.01° 0.08+0.01° 0.07+0.02° 0.09+0.00% 0.10£0.02°
. RAEER 0.25+0.07° 0.23+0.05° 0.29+0.05° 0.23£0.07° 0.310.08° 53
Wit LR e X . , -
SR 0.1340.05¢ 0.1740.01¢ 0.2340.03" 0.26+0.01° 0.4340.05° i
RN 0.14+0.05¢ 0.16+0.06* 0.23+0.06™ 0.26+0.05" 0.38+0.06° o
HE R 0.11+0.01° 0.17+0.03" 0.15+0.02° 0.26+0.04° 0.26+0.02° o
e 0.82:£0.06° 0.82+0.18° 0.64+0.03¢ 1.01+0.02° 2.01+0.05° Jok
KA 0.75+0.03% 1.15£0.52® 0.64+0.01¢ 0.96£0.07* 1.55+0.06° fif
225 R 0.50+0.00° 1.55+1.08" 0.53+0.01° 1.3120.18% 1.17£0.12% it
B 6.97+0.52° 5.30+1.30° 2.98+0.07¢ 3.64+0.16¢ 8.56+1.10° i
HaEmR 0.22+0.02° 0.19+0.05° 0.19+0.00° 0.17+0.00° 0.27+0.01° il
R T SR R 1.56+0.31° 0.95+0.40¢ 0.8120.01¢ 0.48+0.01¢ 2.1240.17° il
R 0.49+0.19° 0.47+0.15° 0.4140.13° 0.44+0.16° 0.57+0.15° Touk
fik A2 0.29+0.05¢ 0.49+0.05" 0.40+0.06 0.64+0.13% 0.76+0.07° Tk
R 1.23£0.21° 1.20+0.18 0.73+0.14¢ 1.27+0.25 3.00+0.14° W
[Nz 0.31+0.001° 0.45+0.04° 0.42+0.00° 0.40+0.11% 0.45+0.01° it
UFAA 7.73£0.50° 6.45+0.78° 3.61£0.07¢ 4.59+0.09¢ 10.11£1.16°
SFAA 2.79+0.38° 3.3840.59" 2.2540.02¢ 2.60+£0.02¢ 4.48+0.11°
BFAA 2.2540.01° 2.2940.17¢ 2.07+0.06° 2.68+0.11° 5.02+0.33"
it 14.36+1.04° 13.90+0.05" 9.38+0.19° 11.96+0.05° 22.95+1.87"

: UFAA. SFAA 1 BFAA 73|37 SR | BN SR 9307 28 G AL 7 i, o) — A7 P AR R] 7 bR 2257 125 (P<0.05), 3831

ErE I R RN T GRS E iR AL BRA A R & IR &
A= RS, A A HLIR B A XU AL S0 B,
AN[AliF S 2 R R th T as Ay Al iy 22 5, HLAT fif
Bk . SRR AR R E B R, Hdh, 2R AR
(Glu) AL & B B =) FAA, £ T 5 i
BRI P IERZ B . BP 5 OP AbFZH A Glu AT
HERIZEROK T I - BOm AR ™ 8, TR I B i i
VeI PR A T A B AN B T G v B 9 T R Ak
H, AN, 25 FAA ZIaFFAE i ERG S E R, Hank
X2 (Asp) 5 Glu 7T 5 5L RAZ 1 1R P [F] 14 5 e ok
TN INETR (Ala) 5 Glu BRETEHIRRERE LBk
RO 2R E AT, HP AbBRAE R TS 7 b U 2 S iR
paiagy e A TE N S 3| e i Iy i
2.7 AEFAIETS I AGHEE & M XK AL 5 B9 2200
FE 2P UK A o3 (g A IS RN B s S VA T B
J Y B BB R —, X 2 W SK A R B R
Ml . FE Control 1P F AN [R] FAb BH (14 3125 ¥ R T
Xy gl LA I 2] 53 A Sk SRR il 5, B 4IRS
(10 Fj) . EEZE(1L Fh) | BRZE(12 F) . BEZE(9 i) | 1R
K3 Fh) BT FO)FMHABC1L ), HoA Control,
MP. BP., OP F1 HP 45l 4 52t 24, 20, 28, 28 0l
32 Fiplisr. B S Won T ANETALER 7 20T XS B AR
i TP R BT RS S AR b, o HP ZH9 &
PR IR Bl AP SRR B B AL FE S K OE, 1 MP.
BP £l OP AU+ & 1 RUBR B 43 B S 0 G 5 s B eIk o
X AT BRI R S HP A4 #A XU BERE G T 7K P IXUBE Al

TS, ELASS R A B (X PR A A= SE A
BL, BE 53 S5, 7 A B i RUBR oY - fip Ak B
AOBER] AR T A e A, B AU
TE IR

35t LR iRk
Tk ek
I O HE
(D Pk

.

Control MP BP OP HP
AL BE 72X

AN [ T P RS R R4 K P XU 2L RS ) 2 )
Effect of different pretreatments on the volatile flavor
composition of chanterelles

& 5
Fig.5

ARYE R 3 AT AN, 1-3 M -3-BEAE Oy R S
Y5, 76 HP H & B e i, o 15.3140.04 ng/g, %R
F Control #4/i1 T 15.37%, A g HP L5 21 iy
whi A, R B, AR . R DL B TE
R -2 I LY & R ST, BT MP(0.68+
0.03 pg/g), Hoy = Fh 10 4b B 2H 1 ) -2 4 T 2
i ¥ 75 F Control 21 (1.28+0.02 pg/g), 47514 BP
(2.28+0.12 pg/g) . OP(1.69+0.01 pg/g) A1 HP(5.53+
0.03 pg/g) o ASFEITRALEE BRSNS B2 AN &
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Table 3 Effect of different pretreatments on the volatile flavor compounds of chanterelles
.
i Wik cas i)
Control MP BP OP HP
1 (2R,3R)-(-)-2,3-T i 24347-58-8  0.08+0.01 - - - -
2 (2Z)-2-¢H5-1-F& 26001-58-1  2.06+0.02° - - - 2.1740.01°
3 (E)-2,5,5-= H$&-3,6-P¢ —Jfi-2-B 26127-98-0 - - - 0.040.00 -
4 127 45-3-1% 3391-86-4  13.27+0.21°  2.41+0.03°  4.97+0.07%  5.82+0.03°  15.31+0.04°
5 2-Z4J5-1-B 22104-80-9  0.63+0.02" - 0.49+0.03¢ 0.54+0.02° -
6 3,4- T PR 5715-23-1 0.20+0.03¢ 1.01£0.07°  0.06+£0.01°  0.25+0.02%  0.27+0.02°
7 3-FE 589-98-0 - - 0.26+0.02° - -
8 4,8- " HE-1,7-T- Id-4-BE 17920-92-2 - - - 0.04+0.01 -
9 1E O 111-27-3 - - - - 0.18+0.02
10 2- b T A1, 3- N 10395-09-2 - - 0.36+0.02 - -
11 2,4-T- " Ji 6750-03-4  0.06+0.01®  0.09+0.01°  0.06£0.01>  0.04+0.01°  0.03£0.01°
12 2,6,6- = HI - 1- R V- 1 - RIS 432-25-7 0.04+0.01¢  0.21+0.02°  0.14+0.01>  0.10+0.02°  0.06+0.01°
13 2-NFE-2- P 34880-43-8 - 0.02+£0.00° 0.07+£0.01* - -
14 2- T HE-2-2F I 13019-16-4 - 0.02+0.01° - 0.01+£0.01° -
15 2- BRI IE 57266-86-1  0.22+0.02  0.42+0.03° - 0.24+0.01°  0.21+0.02°
16 2-Z LT 645-62-5 - 0.11£0.01°  0.07+0.01° - -
17 AR 100-52-7 - - - 0.19+0.01°  0.310.03"
18 S22 2548-87-0 1.28+0.02¢  0.68+0.03°  2.28+0.12° 1.69+0.01°¢ 5.53+0.03"
19 TR 124-19-6 0.15+0.02° 0.23£0.02*  0.22+0.02"  0.20+0.03"  0.19+0.02°
20 Vi 124-13-0 - - - 0.07£0.01°  0.07£0.01°
21 E B 111-71-7 0.23+0.02°  0.19+0.01°  0.23+0.02°  0.63£0.02°  0.19+0.02°
[EES
22 (Z)-6-27-2-T 74810-53-0  0.18+0.02° - - - 0.4140.02°
23 2-(2-F AR TR IR 60415-94-3 - 0.30+0.02 - - -
24 2-35F 693-54-9 0.17+0.01*°  0.07£0.01>  0.07+0.01°  0.04£0.01°  0.06+0.02°
25 2-T-ftlil 821-55-6 0.1240.01° - - - 0.06+0.01°
26 4-(2,6,6- = -1 M- 1-38) -2- T 17283-81-7 - 0.10£0.02°  0.08£0.01®  0.08£0.01°  0.03%0.00°
27 6,10-—FF 35,9~ —XUi-2-l 689-67-8 0.05+0.01° 0.11£0.01° 0.110.02° 0.05+0.01° 0.05+0.00°
28 6-FF -6~ k- 2- 142963-25-5 - 0.04+0.01 - - -
29 33452l 1669-44-9 - - 0.58+0.05" 0.74+0.02° -
30 TS IR 2.2.11BEE-2- 58564-88-8  0.26+0.01 - - - -
31 6-CRIEAIEHI B )-2,2- — HIZLFR O 5026-62-0 - - 0.67+0.02 - -
32 1-(1-ME g e ) 2,5~ /il 0~ 1 -1 56666-48-9 - - 0.03+0.01 - -
33 1-(2,3,3- = LI A L bi-2-3) 2T 15120-99-7 - - - - 0.02£0.00
Be
34 6,6- " F 32 1 3k- —IR[3. 111 56-3-BE 2 REE 1078-95-1 0.10+0.02* - - 0.10+£0.01* 0.09+0.01*
35 FIRH g 111-11-5 0.2240.02°  0.07+0.01°  0.15+0.02°  0.15+0.02°  0.27+0.02°
36 i 106-73-0 0.12+0.02° - 0.0840.01°  0.24+0.02*  0.12+0.02
37 CLR PR 106-70-7 1.35+0.02¢ - 2.34+0.07° 2.62+0.10° 1.86+0.03°
38 T-M R 1731-84-6 - - 0.0240.00°  0.07+0.01>  0.10+0.03
39 1Z N g 599-04-2 - - 0.2940.06°  0.29+0.03"  0.20+0.02°
40 HEERR g 111-82-0 - - - 0.07+0.00°  0.06+0.01°
41 14-F B TR F i 5129-60-2 - - - 0.04+0.01 -
[ivES
42 CR 142-62-1 - - 0.16+0.01 - -
43 2-HECR 4536-23-6 - - - - 0.22+0.02
44 2-H A — iR 24323-25-9 - - - - 0.05+0.01
J&k
45 3-HE-1-CH 53101-38-5  0.52+0.04°  0.75+0.02° - - -
46 8-FH -1 — ek 74630-40-3  0.04+0.01* - 0.05£0.01*  0.04+0.00"  0.03£0.01°
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Control MP BP oP HP
47 3-HEE-1,6-B 0 50871-05-1 - - - - 1.75+0.03
48 T 112-41-4 - - - - 0.06+0.02
49 TR 930-57-4 0.06+0.01° - 0.03+0.00° - 0.10£0.01*
50 1-BERE-2- LA R B 74663-91-5 - 0.05+0.00 - - -
51 TRACHR BEbE 2404-35-5 - - 0.06+0.01 - -

HEdk

52 2-J Bk g 3777-69-3 0.45£0.03°  0.45+0.03°  0.42+0.03°  0.53+0.02° 1.28+0.04°

T =" FIR A

HE2E SAA, S HIKE I E] Control 2H (BRZE 5 Fh, k&
3 ) . MP(RZE 5 F, 8225 2 F) . BP(ERZE 6 Fl, 12
25 3 Fp) . OP(HAZE 4 Fh, $235 1 ) F0 HP(HRZE 6 Fh,
2 4 B, Hidr HP AR, B8 Gofem (B
2% 0.62+0.03 pg/g, 1535 1.94+£0.06 ng/g) . A, K&
BP MR . Ja&ZS it & mpssb, (R | 22t & Fh
PR . BEANIR & A TR A S N S TR IS4 ot
A SRR, TS T UK 2 B8 HH B DTHRAEA IR N
SRR AN [R) FRALD BT X 7 B R IS 1) 2H R
Tra HA AR, Hodh, MP IR SS b G i, AL
AR S (0.07+0.01 pg/g)—Fl, {HHAy = Fh kb
5, BP(5 #h, 2.87+0.03 pg/g) . OP(8 #, 3.58+
0.12 pg/g) 1 HP(7 F1, 2.71+0.05 pg/g) MItEib4
YRS S T Control(4 F1, 1.78+0.04 ng/g) .
i A& Wy F ARG s =, Hodh BP A Al s
I, HP PR Y 2-F LU iR An 2-H 3 —Jilig .
P ELAT ) PR AR, 23X BP XU X B 17 T 52 W,
HP P& mn iy 2-H L CUiR, PIEAT WhES I iT 7~
HP PRI HE G, an 2- 55 mkng, 76
HP & & f 1.28+0.04 pg/g, i 3 & T Hofth pd 2H
(P<0.05), B4 1 XSy B I BE A FI A A,
3 #5ig

AMFSE R GE LA T DU T A By 7% - kil FiAch
HL(MP) | 2 AFE(BP) | 235 AL FE(OP) A F#AUAL
THALER (HP ) X B2 V2 R TR0 T TR T e« 00
bty AOKBEST . (22 B FLEE R &R Pl
AB 7 U B8 B IR LA R 45 A e UK ZH e i s - 25
B A WHAR PR UEFT 43 BT ELXT, HP Ay A4 1 7 Ah B 7
o BPSFER XS I PR EA T HRXU AR 3, T s TR atE
ATHEAS R UR T . PP AL 3 7 0T DAA %046 5
18.75% Wy T-Has Al I H BAG B 47 1 &2 /K P Fi 23
10, RIS, B R4 0T QLRI AT B L i 2 2 SR 4
ErEIn . FEXUR Ty T, A A UK B S i
5 REWASR] T HEH, KRS T B TR TS
B A E R . &5 1, BRI B I as v+
YRR PR AR RS T A TR Ty =, SRR XS R T
WAL T RRAL IR, FEAR TR A, 2 M B IR H S5 E
ah T, S R A Tl A A r= B R AR B A4
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