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Analysis the Effects of Different Drying
Methods on the Volatile Compounds in
Morchella esculenta based on Electronic
nose and Headspace Gas
Chromatography-ion Mobility
Spectrometry
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Abstract: To explore volatile variations of Morchella esculenta upon drying treatments, volatile compounds of fresh,
vacuum freeze-dried and hot air-dried Morchella esculenta from two sampling parts (the pileus and stipe) were
compared and analyzed by electronic nose combined with headspace gas chromatography-ion mobility
spectroscopy (HS-GC-IMS) techniques. The principal component analysis (PCA) of electronic nose data showed
that the drying treatment significantly changed the volatile profiles of Morchella esculenta regardless of the
sampling parts. The HS-GC-IMS analysis yielded a total of 41 volatile flavor compounds, and abundant amounts
of alcohols (40.02%~50.76%), esters (15.82%~25.66%), and aldehydes (18.24%~20.33%) were observed for the
fresh sample. Moreover, the drying treatment induced the losses of alcohols and esters in fresh Morchella esculenta,
i.e., 27.39%~33.51% and 62.14%~68.51%, respectively, while the total contents of ketones and pyrazines increased
significantly (P < 0.05). Besides, the pileus sample was present with significantly (P < 0.05) higher contents of
esters and aldehydes than the stipe sample under the same drying treatment. A total of 21 compounds were
tentatively identified as key odorants according to relative odor activity value (ROAV) analysis. Among them, 6
compounds were detected from the fresh samples, including 1-octen-3-ol, heptanal, propionaldehyde, 2-octanone,
isoamyl acetate, and dimethyl sulfide, which would contribute to mushroom, fruity and ester notes. Three key
odorants, i.e., benzaldehyde, hexanal and 2,3-pentanedione, were only present in the Morchella esculenta sample
after drying treatments. This study provides a theoretical basis for the selection of optimal drying methods to
prepare dried Morchella esculenta and for the development of deep-processed Morchella esculenta products.

Key words: Morchella esculenta; vacuum freeze-drying; hot air-drying; electronic nose; volatile flavor compounds;
headspace gas chromatography-ion mobility spectrometry (GC-IMS)
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1.1 eSS

WECEME P EHEEWILHAES (FEERM) : Ci~ Co librEd _LIFIuE
MEMERHHSERAF: LR HAK BT,

Millipore-Q Zli7ki% 2% Millipore A 7]; DHG-9123A HLAEIRER TR ik 4
LW R AR AT PB602-N 17K, L#gHER-FER 2 EFH R AR JTYL-C022E £l
FHL, WWARBEIHBRG AR AR LyoBeta 15 AW H TN TUIES Telstar B A F;
HWS28 B IER/KIGH i —fERHT AR AR PEN3 T & R4S, {E[H AIRSENSE
A+ ; FlavourSpec® KU 71X 8 GAS A+,

1.2 SRR A

1.2.1  JERHAL 2

PRIEToH B AP SR, SR AR R AR AR, TS IR R
Wi g, Fa itk (lem x lem) J82), HUESA/EEERE R, B =E it b6 5 A A
i BlgmE A XS, XB, HAMET R,

122 FREL

ZHERBMFE B RS, BT,

AR BUE BB R R M E R POREE S, T S0°eCHIRM IR A K G E
KT 12% CERE T KT & BRI 2% GB 7096-2014 (& ik %4 B 5 bniE S RH AL
fili) hEfaE R E, TRD , B EPIESTE 2 min, JFid 80 H e Hl, L8 R 1
{14 2 Lk R TR <= R TR W RE 43 545 9 RS RB.

HAARE TG DOE R EE I &M E A, RSB R SAE TN,
TEVA PR EE-50°CHIEL ZEFE 10 Pa ~ 12 Pa 55 F FEELLTIRLRIUERE S B 20K 0 & BAK T 12%,
I JEPEFT #r 2 min, FFiT 80 H fii s Fl, K548 3243 VR TR 5 1R =F I B o8 < G AR 5 40
454 DS, DB.

1.2.3  H-FEA

TrERRPRECT BN 0.200 g AFESEREEFES T 20 mL AT, 50°CKiHn#k 15
min, BUHE T EIE T FE 15 min G0, BFalE SR . EiE 25°C, FREH
B GEET 180 s, AERASHEM N 5 s, FEAMHEREIEIN S s, FEMIIER A 120 s,



FE I R B A 1 s, HERER RN 300 mL/min, BEFESEENE 3 K. PEN3 H i+
B S AME RS 1w N A R R R BB 2 1 B
#F 1 PEN3 {£E M ae b

Table 1 Performance descriptions of PEN3 sensor

s R EkER s B2 40 f3R #msEE (mL/m?)
RI wiC ka1 10
R2 W5S EER ey 1
R3 W3C @A FEHEY 10
R4 W6S A 100
RS W5C wI HENEY |
R6 WIS WEthER R A 100
R7 WIW BRALY . SIS I5 1
RS W2S LA i S e 100
R9 W2w T AT AL ALY 1
R10 W3S KR, HaliiRib 54 100

1.2.4 3R XER 5 K GC-IMS £ il
1.2.4.1  FriamyAbE

SRR PRI 7640 T8 0.200 g IASEICEREBERER, BT 20 mL T5045 [ K A %
BT GC-IMS #a il
1.2.4.2 HS-GC-IMS %1+

2% Hou F"HH{EE K.

TR HERE %A £E 50°C FTHZE ML 15 min, %3 350 r/min; 7E 80°C F#EFE 500 pL, #
fE 10 mL/min, A%rififsiat.

GC-IMS &M @ik gy 75°C, A maim < (A >99.999%) , #AVIE
N 2 mL/min £R4%F 2 min; B#f57E 8 min NiZ AP JGRE £ 10 mL/min; fF7E 10 min N, &
SRR SR 50 mL/min; &5 10 min N, KFATEZ PN 150 mL/min; IMS 5% N
45°C, RS UE N 150 mL/min, 23 H7iF )35 30 min.

1.2.5  HIXSURTE B (Relative odor activity value, ROAV)

ZH 0% HEVE, 5L\ ROAV SHCEIFAN & NME R MR & P00 FE S SR 5T
BRFEIE . %5 B0k e 0 & A AR TTRR B R 4120 1Y ROAV =100, FHA414) ROAV 5
R

_Cri

ROAV= x%x 100 (»

rstan i

A Cri AZMERIETURMCEYRIEN & (%) ; Ti AEMERERLEDN
RBI{E (mg/kg) : Crstan A & B b 'z:'%m%;ﬁrﬁﬁﬁzkﬁ’]?ﬂﬁﬂﬁﬂ &8 (%) ; Tstan
RS B B B AR TR s R 2 23 B ORI (mg/kg) o

1.3 Hdim b

K SPSS 20.0 #AFF1 Excel 2019 X &R #EIT Gt 2047, KA Origin 2021 B3 s
Ras R . FIA Winmuster 7087 504F 0T B 7 8 R £ B0 85 37 PCA 40 #r: FIH
FlavourSpec® Ak 7+ BT (X BB I 43 Hr 3 3% GC-IMS 45 F ik 474041, FIH GC-IMS R
NIST Hdlii FE AN IMS B4l e, AR SOHH DR B B () R0 25 7 SR RS e () 22 S GHRE it v B R M SOk
R AT 4k s AU LAV (Laboratory Analytical Viewer) $K{4F3R18 1) %54 e P
FERMEAC SRR, AREIETRUE —iE T R P & NMER SR S RN & ',
AT E R T.
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Fig. 1 Electronic nose radar map in different parts of Morchella esculenta under different drying methods
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Aty LA 153 B T AT <P o B i) SR8 B K, I AT T 1R 5 2 FLE TR ol o B e A
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B2 ARTERTATEEEA R ET R PCA BE
Fig.2 PCA score plot of electronic nose data in different parts of Morchella esculenta under different
drying methods

F 4 #r (Principal Component Analysis, PCA) /& — 47 2 B4 7=, RE oK fR
FEOR B IR AR A5 5L, JEX WL (B k47 EE 3 20 21 . ik — VP AN E 4505 AU R L AN
AR A TR A 225, 6T T B AR A KU HEAT 1 B e, Il 2 Pos. P 2 W,
B—FRr (PC1) M ERS (PC2) MIRTTIIRE N 97.81% (> 85%) , UiHSEL Ty
VERTAT LD 2 04 60 45 3 L B R A 4 R R SRAL S I R A5 B 5. S 2 U R
TP BRAFE LA LE PC1 _ERERIRCR, U185 E AL 7 SRR B AR 2
HL -~ S U T B 5 DX 23 A 1 5 = L B R o o T 2 4 V2R 1 R T <8 i 5 3 00 2 L R 1 )
PIRE B B, U0 B LA A R TR i 0 UL & ST B i O HGE, AELEROA TR, B
TR T R T R BB B E L W S B R AR &Y, X5 &4 MERI AR KT %
VR BT BRI Tk 3 b T 7 sCR AT 280 & Sl B R 458 A — 3L, AR IK
TR T ZE ot EET RV 20 i /) o R XU R L 25 8 TR T A58 P DR < i 2 AT R W R X 4
P Ap 187 X F AR S A — € E S, X ERIK.

(AL R AR, W7 Sl o i (L RENS 15 21 5 2K i A AR IR B EE, T LU AN R
W5 3R 2 L T AN R EB AL it 8] BB R Ve R SR AR 22 7, (B A BE R A R 2 L &9
(220, BRI AR 932k — R T HS-GC-IMS HiAR 73047 T AN A8 75 20T 2 AL B b LAY
RS .

2.2 HS-GC-IMS 4 AT 38R B R R A

221 ARTFERT T EREEREMEY) GC-IMS 22 5750t B 1% 73 #r

i 3 Fros, FIA Reporter 8 {F22 il AN [5] 5 JHE T RE i T4 R MR AL S 1 0 UM (1 8 1
TR ERE . B3 P AN E T (A ARSI REE N, 1.0 424 RIP
W, UEE PR AT N — A BEARR — R R I B, JeRE R/ NIRRT & B 2 P, qn
P 3 Bz, AGH o 3 O < i R R, AR i 1 P [ R R R s SR
MO E RS TRAN B, KRTHRANERES. HE 3 ok, HEBRA

R e 2 JEE TR7 B8 <P &y ) T M85 25 HE TR iy o HH IR AN 8 X3, i B AR [R] e Ak B 0
AL R SR S AL AT & B LR, TGS T e, RIS 18] T
JR A Bt (0 T A R SR AL A 0 A R (B R AR, B S L T B S
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Fig. 3 GC-IMS difference comparison maps of volatile compounds in different parts of Morchella
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esculenta under different drying methods
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Fig. 4 Fingerprints of volatile flavor compounds in different parts of Morchella esculenta under different
drying methods by GC- IMS
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SEEAL AT, ULE PG 4k I i (5 5 R Gallery #ifth2:t1 tH AN [R) 4805 2R AL B4
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MIERMEAEYE R RGN (& 4 hREHEXED , EENEEE., ek et. &5
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B R L PR B 1 S (S B A R 5 o BRAh, PR 3 JLE B < B S R AL
EVTRSUENE A — B
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Table 2 The composition and relative content of volatile compounds in different parts of Morchella
esculenta under different drying methods

HIX & (%)

il & cass T . Hﬁﬁm,.ﬁ*ﬂﬁl BARET BATIRE SAT RS
iR PR A A e ]

gk 1-CUE 111-27-3  CeHisO  1.56+0.02¢ 2.02+0.03" 1.67+0.04> 0.64:0.017 1.21+0.02¢ 0.81+0.01¢

I-CE Rk 111-27-3  CeHi4O 2.57+0.02*  1.82+0.01° 0.84£0.01°  0.97£0.02¢ 1.02+0.01¢  0.74+0.01°

1- 3 47-3- 2 3391-86-4 CsHigQ 2.80+0.02° 1.76+0.01° 1.49+0.12¢ 2.44+0.12° 1.42+0.02¢ 1.51+0.129

1- P 71-23-8  C3HzO  0.66+0.05" 0.3320.00¢  0.30£0.00¢ 0.79+0.01*  0.39+0.00°  0.39+0.00°

- 104-76-7 CsHisO 0.62+0.02¢  0.64+0.02" 0.42+0.01°  0.41+0.00¢¢ 0.44+0.02¢  0.48+0.00°

AR A 104-76-7 CsHisO 23.31£0.239 29.38+0.65* 27.72+0.53° 25.46+0.32¢ 20.28+0.43¢ 25.82+0.56°

- -1 2305-21-7 CeHi20 3.35£0.02°  3.55+0.08" 1.86+0.01¢ 2.1320.12> 2.05+0.29" 1.77+0.12¢

2-CUf-1-BE R 2305-21-7 CeHipO 4.1620.02°  10.51+0.17* 0.76+£0.02¢  1.0620.01¢  1.25£0.01¢  0.96+0.02 ¢

1-1 i 71-41-0  CsHipO 0.99:0.02° 0.76+0.01°  1.02+0.01° 0.440.00° 0.99+0.03° 1.26+0.10°

&t 40.02+£0.40" 50.76+£0.98* 36.07+0.75¢ 34.34+0.61°¢ 29.06+:0.83¢ 33.75+0.94¢

ek o R 100-52-7 C7HeO  5.17£0.02¢ 1.29+0.06° 2.68+0.21¢ 2.02+0.02¢ 3.60+0.02° 2.58+0.15¢

2 R — B Ak 100-52-7 C7HeO  0.41:0.00° 2.45+0.12* 1.16£0.03° 0.59£0.01¢ 1.61+0.01° 1.06:0.08°

% 123-72-8 C4HsO  0.08+0.00° 0.08+0.00¢ 0.28+0.00¢ 0.47£0.01° 0.37+0.00° 0.34:0.00°

-3 111-71-7  C7H40  0.36+0.00°  0.48+0.019  1.81+0.08* 0.34£0.00° 1.64+0.01° 1.2240.09°

PERE A 111-71-7  CHiO 3.00£0.00¢  5.66+0.17° 4.49+0.12° 3.12+0.019 3.01+0.03¢ 4.27+0.15°

CLFE 66-25-1  CeHizO 0.20£0.01¢  0.30+0.00° 0.29+0.00° 0.21£0.00¢ 0.41+0.00°  0.35+0.00°

I 110-62-3  CsHig0 0.31:0.00  1.09:0.01  0.97+0.01  0.25:0.00 1.02+0.01  0.72+0.03

IR Rk 110-62-3  CsHi00 0.23+0.007  0.4320.01°  0.65£0.00° 1.41+0.01* 0.59+0.02¢ 0.82+0.01"

P RE 123-38-6  C3HeO  8.01x0.14° 5.77+0.16° 3.50+0.01° 4.63£0.08° 4.50+0.21¢ 4.78+0.14¢

[i]; L 123-38-6  C3HsO  2.57+0.08" 0.69+0.00¢ 0.90+0.01¢ 1.36+£0.03> 1.14+0.08° 1.11£0.01¢

il 20.33£0.25" 18.24+£0.54> 16.73+0.47¢ 14.39+0.17% 17.89+0.39" 17.26+0.66°

i 2,3-T M4 43-103-8  C4HsO2 0.35£0.00° 0.86+0.01° 6.84+0.31* 2.17+0.01¢ 6.28+0.35" 5.04+0.01¢

2,3-18 600-14-6  CsHsO2 0.26£0.00° 0.38+£0.01% 3.30+0.07¢ 0.49+0.00¢ 2.77+0.18" 1.96+0.06¢

2-T fiid 78-93-3  C4HsO  0.49+0.01°  0.70+0.02¢  1.84+£0.04° 2.62+0.04* 2.05+0.04° 2.13+0.10"

2- T B ik 78-93-3  C4HsO  0.21:0.00° 0.30£0.00° 0.87+0.01° 1.12£0.01° 1.10+0.01° 0.70+0.01¢



2l 111-13-7  CsHigO 0.53+0.007 2.43+0.219 5.63+0.31* 1.45£0.02° 5.02+0.08° 4.21+0.12¢

2- T 107-87-9  CsHioO  0.32+0.01*  0.29+0.00°  0.10£0.00°  0.1320.00°  0.18+0.00¢  0.19:£0.00°

B 108-94-1 CeHioO 1.7320.02*  0.93+0.01® 0.51+0.01° 0.29+0.00° 0.49+0.00° 0.37+0.00¢

Hit 3.8940.04"  5.87+0.26° 19.08+0.75* 8.26+0.08¢ 17.89+0.64" 14.59+0.30¢
fig 2 LW 5 IR B 123-92-2  C7H1402 0.57+0.00° 0.52+0.00¢ 0.52+0.01¢  0.54£0.00° 0.59+0.00° 0.52+0.01¢
LEESIGNE A 123-92-2  C7H02 16.95£0.52* 8.7440.21°  1.05£0.04°  0.45+0.01¢  0.82+0.01%¢ 0.46+0.014

L% 5 Il 108-21-4  CsHi002 0.90+0.02F 1.49+0.00° 5.76+£0.16° 3.85+0.02¢ 7.19+0.23* 6.70+0.21°
LEERHNE R 108-21-4  CsHio02 7.24+0.12*  5.07£0.19°  0.75£0.00  1.15+0.02¢ 1.28+£0.03¢  1.57+0.04¢

it 25.66+0.66" 15.82+0.40° 8.08+0.21¢ 5.99+0.057 9.88+0.27°¢ 9.24+0.27¢
It a -k R0-56-8  CioHis  1.3620.08" 1.11£0.01¢ 1.20+0.01° 1.82+0.01* 1.24+0.02° 1.26+0.07°
a gk R 80-56-8  CioHie 1.62+0.02* 0.96£0.03" 0.48+0.03¢ 0.59+0.03° 0.54+0.01¢ 0.43+0.01F

i 138-86-3  CioHis  0.68+0.01°  0.49£0.007  0.62+£0.00¢ 0.84+0.04* 0.7220.01°  0.640.00¢

K I 100-42-5 CsHs  0.83+0.02¢ 1.19+0.0*  1.15£0.01° 0.80£0.01¢ 0.90+0.01¢ 0.71+0.01°

i 4.49+0.13*  3.76£0.05°  3.45+0.05¢ 4.05+0.09> 3.39+£0.05¢ 3.03+0.09¢
il =5 2,5- T FR LML E 123-32-0  CeHsN2 0.28+0.00¢ 0.50+0.00¢ 2.55+0.06° 4.13+0.26* 3.34+0.12° 3.31+0.11°
2.5-HIBEMEME AR 123-32-0  CeHsNa  0.40£0.007  0.77+0.01°  3.35:0.04¢  12.07+0.45* 5.4140.15° 5.9440,12°

2.6- HIBEMEWE  108-50-9 CeHsNa 0.59+0.02¢ 0.88+0.019 3.01+0.18° 6.73+0.18* 4.11+0.11°  4.16+0.09°

2- Bk ilk g 109-08-0  CsHeNz 2.04+0.04%  0.79+0.01°  2.32+£0.05¢ 3.63+0.14* 3.54+0.14* 3.33+0.12"
2-FHJEMEWE 4K 109-08-0 CsHeNa 0.29£0.00°  0.19+0.00° 1.53+0.01* 0.62£0.01¢ 1.22+0.01° 0.81+0.02¢

&t 3.59+0.06%  3.14£0.03°  12.76£0.34° 27.18£1.14* 17.62+0.53" 17.55+0.46"
HAll 2k - FR BL R 75-18-3  CaHeS  1.1120.027  2.1420.02°  3.64+0.07¢ 5.3420.34° 4.0620.11° 4.36+0.08°
X 106-42-3  CsHio  0.9120.01*  0.27+0.00¢  0.19£0.00°  0.45+0.01>  0.20+0.00°  0.22:0.00¢

&t 2.02+0.037  2.41£0.02° 3.83+0.07¢ 5.79:0.35% 4.26+0.11° 4.58+0.09°

W 2 frzs, FH E A BT 3F LAV (Laboratory Analytical Viewer) 35731 &4 CE T
RN AR, FRARUE AR A — VK o SR fhp S AN R ARG S D AR & &
L7281 W3R 2 0l A, 2 GC-IMS LS55 HAE L 41 FRIE R MR IR, B4E 9 iz,
10 S, 7 FhERSE, 4 FAAEDS. 4 FE25. 5 RhtbEESR, 1 R ETIL &R 1 RS EEE
K. OB EI EE MRS T, ERERRm, HUOVEREMEEE, HaERENEY
1] 86.01%F1 84.82%. TG, BERMEERILEYAEEDFERIC (P<0.05) , BiJEFINLEE
KUEYasEEERT (P<0.05) .
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-3 45-3-I )\ BB, X BRI fr F B R 6« BE 4 SR i) 3 ZE TTikE ),
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B R T B AW IR i AL T T4, X 5B EI T B
VA R TR A Sk 2 UK A) I3 R ey &5 SRAH — B

RERUA YR EEAR, X FEREE RBRTTRECK, % Cs ~ CoBERLAMFERE T A
TRAR DT ER (W S8 (b e i PO, FESR 3 R MR B AR e tE 22, 280 TR A3 5 TR A & B2 W)
SR, R GEAMELER) MR CREFW) S5 KIS, iR S5
SRR S 5 I F 8 I N A P A 2K F R,

B S AL S BA R, MEOHE S R, 20 TR AR B S A R R R 2
AR EERER . AT RS 2,3- T 8. 2-3EF/A1 2,3- 1% B850 &1
FRPEE T ET AR TEIFE S, 7R E D &R A T A S K AN RFRERYIR T
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AL R AE ), B L B S 2R R R QR R, HEeh S B S TEW, &
PR TR AL S BR R B BRI

R RIE R SR SR ekt BRI EY, TIREFEBRELS
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ity IX AT REAE RO SR AL B W AE TR TR AR B v 52 38 5 SR R AR K & RO BEIE RRAR R, A
R REa T ORAEBUFDY, 1X—45 R 5 7 S5 AR R .

—RRITE , MRS B RS UR, W th SRl i R s A A= AP,
TR Ja E R b 2-F Sk, 2,5- W ERE RN 2,6- — FEEAL RS B Y BT, ATRERE T
W R IR T R A . BRAh, ABIETUAE I s A I B — R S R &

(ZHEmED , @TFRELEE LT, SHASYHE LSRR RE Bk N
Strecker W& f# BUM AL YA = AE D),
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Table 3 The ROAYV value and odor description of volatile compounds in different parts of
Morchella esculenta under different drying methods

ROAV

E A (iﬁg) st s I AT AT BATR U
THRES THREN Ee T A

| 1-2F 43 0.0015 21.31 25.34 100.00 100.00 100.00 100.00 T sk

2 2- -1 2 0.04 0.15 0.13 0.10 0.17 0.14 HRER

3 7 P 0.3 0.21 0.27 1.29 0.53 1.83 1.21 WA R, Ak
4 I 0.0562 0.02 0.03 0.50 0.51 0.70 0.60 FIE, TGk
5 3 0.031 1.24 4.28 20.46 6.86 15.85 17.59 RAE%

6 Clis 0.0075 0.30 0.86 3.89 1.72 5.77 4.64 A

7 374 0.2 0.03 0.16 0.82 0.51 0.85 0.76 R, WHek
8 P 0.06 2.01 2.33 7.38 6.14 9.93 9.75 R L R
9 2,3-T=Hd 3 0.00 0.01 0.23 0.04 0.22 0.17 AR, sk
10 2,3-1% —Hd 0.02 0.15 0.41 16.61 1.51 14.63 9.74 . AR
11 2- M 0.4 0.02 0.05 0.68 0.57 0.83 0.70 PIFE . A
12 2-fiil 0.05 0.12 1.05 11.34 1.78 10.61 8.36 PILEUR

13 2-1 0.09 0.04 0.07 0.11 0.09 0.21 0.21 A FHEL
14 2T 5t 0.002 100.00 100.00 79.03 30.43 74.47 48.68 FH., RER
15 AN e 0.05 0.08 0.39 0.18 0.53 0.48 PR, B
16 o- TN 1.0138 0.03 0.04 0.17 0.15 0.19 0.17 AR . BLAK
17 FEtE 0.5 0.02 0.02 0.12 0.10 0.15 0.13 ATk

18 KI5 0.12 0.08 0.21 0.96 0.41 0.79 0.59 75 Ik

19 2,5 Hi s 1.75 0.00 0.02 0.34 0.57 0.53 0.53 15, BRKk
20 2,6- - HIBEMEEE  0.718 0.01 0.03 0.42 0.58 0.60 0.58 GRS 7
21 R AL 0.01 1.27 4.62 36.64 32.83 42.89 4331 LS

T @ S AR SR AL S LE K P BER AR BT, BRI R 5 %
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AR R TTEREESE, ROAV = 1 UL S SRk 2, X ERE B R & Ak
THREER: 0.1 < ROAV <1, BEBIZMIF B SRIL G, S ERE AR SRS
fEHIBR, % 3 N&AMFERTHE ROAV = 0.1 BHE RIS E SR . #E 3 Fix,
R RRE S PIEE 21 MLE W ROAV = 0.1, MRS ESEGTIRER . THEATERESS
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A, R 2,3- %/ 3 MOCEARILEY), WIRERPREEAE S CWRAE K, &
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Fig. 5 Bioplot of PCA of key volatile flavor compounds in different parts of Morchella esculenta under

different drying methods
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AHFFER) LT B8R0 HS-GC-IMS AR B 728 # 5T R AN #3183 /5 10 26 AL o 3 <
FHER A 5 R VSR S REAT b, RIS R IR AL BE R 5 FE AR B 22 5, Hd
TEAEMX A FEN R . 8l HS-GC-IMS 2087, ASFEIRE S SR il 41 Fhig & 1
R, HAopr e it Rt MENBA AN ERFERE, TG, BERAREENE
PRk, TSR R S e S BEEHEN (P <0.05) o th4h, HETES X FER
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Fiotst BE i SR TR AL &4, Hh B L RS P AE 6 Fsc AL S ETE 1-2 -
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