& El oSS TN I
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
MEBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA M SRR S TR R R B O 4 % H SR 45— Ji BE T
HF ISSN 1002-0306  CN 11-1759/TS ZIST

EHTHTFRMEESAHEE-B IR AR THET X R A S YRR

A, R, RO, REK, K OF, Ri

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

SUN Hailan, PEI Longying, CHEN Yao, YUAN Rongxin, CHEN Xiao, and ZHAO Liyan

TEZR R View online: https://doi.org/10.13386/j.issn1002-0306.2023050088

FAT RIS HA SO

Articles you may be interested in

EFHFR, SH-BFITBEEE (GC-IMS) A5 PG BRI 5 1SS A 52 XLk
Analysis of the Flavor of Guangxi Luosi—Noodle and Luosi—Hot—Pot by Electronic Nose and Gas Chromatography—Ion Mobility
Spectrometry (GC-IMS)

£ Tl BHE. 2021, 42(9): 281-288  https:/doi.org/10.13386/1.issn1002-0306.2020070197
L S 255 SO - B IR RS T I A AR S AT =2 6 A JH B AR i B ) 472 P XU ) o ) A2 £k

Changes in Volatile Compounds of Lanmaoa asiatica during Controlled Atmosphere Storage Using Electronic Nose Combined with
Gas Chromatography—lon Mobility Spectroscopy

i Tl RHE. 2021, 42(21): 111-117  https://doi.org/10.13386/1.issn1002-0306.2021070297
BT LA SRR - B R i X 28 A B0 1) KR 43 AT

Flavor Analysis of Capsicum frutescens L. Sauce Based on Electronic Nose and Gas Chromatograph—lon Mobility Spectrometer(GC—
IMS)

£ Tl BHE. 2019, 40(23): 193-198,206  https://doi.org/10.13386/j.issn1002-0306.2019.23.032

HEFH T 5 HS-GC-IMSHIHS-SPME-GC-MSZ4T HAK 7= [FERH KUK RFAE

Analysis of Flavor Characteristics of Five Aquatic Raw Materials Based on Electronic Nose, HS—GC-IMS and HS-SPME-GC-MS
Brin Tl BHE. 2021, 42(19): 106-117  https:/doi.org/10.13386/).issn1002-0306.2021030193

FET IS SAH -1 T A% (i A ) i A 38 25 S A 1 i LU AR

Comparison of Volatile Components of Different Annona Varieties Based on Headspace Phase—lon Mobility Chromatography

B TALEHE. 2021, 42(16): 249-254  https://doi.org/10.13386/j.issn1002-0306.2020090230

BT R AT 0 Wi A8 D O 5 2 KUK ) 2 )
Effect of Different Drying Methods on the Flavor Substances of Pixian Horsebean based on E—nose and GC-MS
B hin TR, 2018, 39(23): 261-266  https://doi.org/10.13386/j.issn1002-0306.2018.23.045


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023050088
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020070197
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021070297
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.23.032
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021030193
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020090230
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.23.045

fd& \

PSE



545 % 5 T i Tl B Vol. 45 No.7
2024 4F 4 H Science and Technology of Food Industry Apr. 2024

PN, e Te 0, WREE, 45, T HL 7~ B R DA UM (35 - 2 i A3 0 A [l T4 0 =00 I R PR S s i) (D], B0 T
AbRHE, 2024, 45(7): 261-269. doi: 10.13386/j.issn1002-0306.2023050088

SUN Hailan, PEI Longying, CHEN Yao, et al. Analysis the Effects of Different Drying Methods on the Volatile Compounds in
Morchella esculenta Based on Electronic Nose and Headspace Gas Chromatography-lon Mobility Spectrometry[J]. Science and
Technology of Food Industry, 2024, 45(7): 261-269. (in Chinese with English abstract). doi: 10.13386/.issn1002-0306.2023050088

* ST -

BT TR MRS A ERE-E T EEs i
AR T AT ERL R A S RIE N

R, SERTEC PR OB, R BR O, XA
(1. TR EKXFAEBAHFR, LA H T 210095;
2. #7583 TR AT TSR, #7551 £ 7 843100)
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Abstract: In order to investigate the changes in volatile compounds of Morchella esculenta during drying treatments, the
volatile compounds of fresh, vaccum freezed-dried, and hot air-dried Morchella esculenta from two different 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.
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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.
Furthermore, the drying treatments resulted in the reduction of alcohols and esters in fresh Morchella esculenta, specifically

by 27.39% to 33.51% and 62.14% to 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 sample, 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, namely 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 (HS-GC-IMS)

£ JE B (Morchella spp.) J& °F il B Bl (Morche-
llaceae), 2E A5 )& (Morchella) , FH B <p= F BRUAR A
SEE N, BEAEFR)ZE TORE ST NS5, AR 2 IRIAE:
PRrpas, FEFRE RIBEA RT3 EAESE . X E e
TR HIFRNY . SERE R AR KIS 4%, ZEFRE M
HA . W . B HEE. P LY AR A
R, TAEk, BEE SERE AR BT ROR 0 & R L
SR S8R, FREI SR B AR S HARAAES A
K, BEHIAER, g1t 2021 IR EFEIEA
TR AL 24.7 TTEY. BV —FE2RNAE
PO L, SRR TSR] 1, BRIEEESE, [FIR e &=
B S R AR A 2 A E TR I, H
BHUEART PUIRIES | g T REE Y P
HRM SR, BA RAFH R TR .

B E PR K S . 2 AR T AT YA,
KR B AT SRR GE Sy . TR SRR
TN T AR Z —, HARVEAESE AR, AT 7ERE R

mn BT BRI [R] B R AR gt O U, AEBRAE oY
o, SR TR B PR TRF B as Ve R T
8, ANFEI TR ER T S 2R BB AR = A AN R 52
Mg 41 SR T DRUIAR 0,2 5 M) 91 2l 35 W S 7 e i R R
2R, DRI AIFS R A B 5 B XUBR S ) il ATy o
FL, FHEREE A SRR T2 T45 07 =0, AT B Es
PR TIRCR T &, SIS A ol Ak in A ™ o (HUZ,
H RIS T A R T 2 2R R B SR PR AN [RIE R
YRR I D, 2R B XA A i B B
Fil T MBS &, LWEBHRSEAE T =0
T BEAS [R]ERASL %) AU 28 53 AT 2y = Ji TR B <P R TR
A3 A SRR, fe 2 I e s B AR
JHAMRE A AN L, Xr=F IRl & e AR R .

F S 2 —Fh L TR MR BT RGeS AT AR 5
IREE R SCEs, B ERVETT R PR TC A 4y
M ERRE SIS S AR B e M tr . AR T
=R AOGE-B T i F£1% (headspace gas chromato-
graphy-ion mobility spectroscopy, HS-GC-IMS) 7 R
PRIAT AL PR fET e . R Sy . ToAbURT ey i SR I SRR

K BT N TR S RUR S AT SR, T SEERRAE
BRI R A G S E 53T

Rl I AS S DA g fof 26 I B R AfF ST ) 4, A7 I
AR TR IR T HRAL B, SR B4 & TES S
FH -2 TR TE R OR ST AN R TR A BT A TR
TSP R HERIRI G Y25 5, IR AR SRS
JEE{HE (relative odor activity value, ROAV) =53]
RS G YRR S B SBR TTRRER L, TR T fif
AN b B 2 T o XU T iy sz, AHA S =2 i
BRI 77 56 g 2 R PR A B Rl
1 MR5RE
1.1 MR5E

R 7 aMA WL kR (R
SR )5 Cu~Cy BRZSPRUE S L Ph AR I B4 B 27 57
Ty MR SEgs /K R Atk .

Millipore-Q £li7KfX  3&[E Millipore 2\ w]; DHG-
9123 A HFIETRSIXTHEFA VPR 2 e & A
BRAF]; PB 602-N HLFRF  _igpRei-F0R 24X
#5 8 R ] TYL-CO022E BHEHL - JUBRARMG B R A
Fl; LyoBeta 15 ELAS R THEMNL  PHFEST Telstar B
Fi oo w]l; HWS28 BRI BVE IR KIS Lilg—ERMH
HIRATF; PEN3 HHF R RS 72E AIRSENSE 2
Fl; FlavourSpec® XUHRSHTIX  FEE GAS A F],

1.2 XFEE

1.2.1 JFoRlIiAb#E PRt Ioms K . AN BT
i 2E TP, Feha R K A B AR 5T, 1 e e H v s
FEREAR ST, I43BPIH (1 emx1 ecm){R2], BGE =
FAVEGAAE £ FH, B2 e A A DR RTAWARE S8 530 S
“h XS, XB, HpAET A

122 THRSEE  ZHiRBAIE Ik e,
FARGE o FXUCT R B S e = i B B <P R A A
HelRFESL, T 50 °C THAP TR 2K EZINT 12%
CEMRE T RS ErERIZ% GB 7096-2014K
A E GRARIE BT B S ) R E bR b e,
TED, BUH S P#EFTE 90 s, 3fid 60 Hifiss ], S84
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FLAS VR IR T IBGE 185007 05 2 I BT DA <R RN PR AR

e, WG 2 B2 R TRELP, TE8 BRI
—50 °C FNEZSFEFE 10~12 Pa &51F F &S T4k
IR LIRS AR T 12%, BUB S HETTH 90 s, IF
i 60 Hifi &, & BB E 0 E R <
PRARAE S50 4R5 2 DS, DB,
1.2.3 HEFEKEN  S5HEMFRILTE N 0.200 g
ARIFPEAF RS TF 20 mL THZSH, 50 °C KR Hhn
15 min, BUBE TEIE NP4 15 min J5RE0 . B
FENE SR E DT, KR 25 °C, LIS A IhiE Tk
AFTE] A 180 s, ARSI Ay 5 s, BE A A I ]
g5 s, BESRINERFTE] g 120 s, AE I 52 i 6] 18] & A
1 s, #EFEFR A 300 mL/min, 54> 4E 5 35 2 01
3 R PEN3 BUHL TG4 LR 14 i g 42 0T R R 5
FEANER 1 PR,

# 1 PEN3 fLEETEREfA

Table 1 Performance descriptions of PEN3 sensor
G LR M 7 ) I R Fel (mL/m?®)
Rl wiC IFRAEY 10
R2 W5S RED 1
R3 W3C B THEREY 10
R4 W6S Al 100
R5 W5C B I ERLAY 1
R6 wiS BRI G 100
R7 WIW WA AR 1
RS w2s [ iy Ae ] 100
R9 W2W I E WS BB 1
R10 w3s  KEEERIE. IRIIIGLE Y 100

1.2.4 RPN GC-IMS Kl
1.2.4.1 FESLATANERE 5y 5BR HOWE S 784y 1+ 8N
0.200 g P[RSR BEAE S, BT 20 mL T51Z5 [EAHE
e dt, YT GC-IMS A
1.2.42 HS-GC-IMS 414 =% Hou &' fifEfE
. TRESHERE S5 50 °C T IRESIE L 15 min, #4535
350 r/min; 80 °C K #E£E 500 pL, 3% 10 mL/min, A~
ST

GC-IMS &4 it Ry 75 C, 28N e
2l 1R (Ll = 99.999%) , # A W HR T A 2 mL/
min {£3F 2 min; 8 min PZ2EH K FEZE 10 mL/min;
10 min P, ZAHE K FEE 2 50 mL/min; /5 10 min
PN, B A R AR B I ZE 150 mL/min; IMS #& ¥ R
45 °C, EER A 150 mL/min, 43 A7 B[] e 2y
30 min,
1.2.5 AHIF RIS {E (relative odor activity value,
ROAV) ZFHE X255 ik, 5| A ROAV =%
VT2 L M IR AL A X R i AR 11 DT R
BE o SO E X AR AR STk A R 41
ROAV, =100, H4x4H1 5 ROAV HAEUNT:

ROAVi:& X % x 100

rstan

2 (D

Hoh: C; MM HEE MRS P AT 5
(%) ;5 T, J 25 A5 & PR Ak & 9 1 <0k B E
(mg/kg); Cyun X FES BRI BTRR e R ZH 53
(AR 7 (% )5 Ty, AR ARE S A R Bk
P53 AR BR(E (mg/kg) o
1.3 HIEAIE

S SPSS 20.0 #A4F1 Excel 2019 %3647
Gt 244301, R Origin 2021 HA%:Xof 52 86 45 R 225
Bl FIH Winmuster ST 4445 B T SR A B 95K
PEHAT PCA 434715 B FlavourSpec® XU 43 H X AL
ER ST XT GC-IMS 45 347404, Al GC-
IMS PIES Y NIST B 22 Fil IMS 2085 28, AR P < AH
A B8 B ] A0 B T-iE RS it (8] 22 S X 0 T P B FE R RS
R B4 AT 4k 2 M 43 M1 Rl LAV (1aboratory
analytical viewer) R4S 1Y 21> O 58 PEFE A M1k
E TR B, ARG I AR —y A T AR S TP AT
RAESRAL S PIAR T 5 &, PEA T\ .

2 GBR5SH

2.1 BFESNARTEARX TEREPEL TN E
2.1.1 HTFRERESSHT WE 1 s, RiEdR T 5
AL AR X AN [] 4y 20T 26 PRAS [R) SRS A & 1A 4
RPES IR A I/ NG B IS Rl . IR L
AT, A HEESXT WSS, W6S, W2S, W3S iX 4 M&
JERARAOIR N AEZE RN E /N, MELIIX 530 7FE WIS, WIW,
W2W X 3 LIRS b, B fef 2 i BRARE & 4 i 1 B fe
K EIGRF TS5 2 AR S A, DT e
FEERERES R T RE S B8 2 ke . b . b AaaE
VERPESIRY T . AN, S feh 2 b DR PR 1 i 1
TR A W2W LIRS L, LA R TR L i
i N (B TR0, D AR Eease s X T 1, 258
IR BE LR BT B S L B AR S T i ST R A A i Bk
TS . 7E WIC, W3C., W5C iX 3 ML
A, BT BRI ELAS Y R TR DR it 1A i o A

WwIC —=— XS
120 XB
w3s . 115 . W58  _4 Ds

was T W/

wis
B NCIR Iy e i oY N N Gl A SR R P e e

Fig.1 Electronic nose radar map in different parts of Morchella

esculenta under different drying methods
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AR S TR = T R A, EL R = T R B s
i AT ) 7 (BT B A, HEIM AT RE T8 5 S I R & T Y
ISR RGBT . RSP 45858
T AT R R TR AR XTI = Fh oy 0T =
TE L T S SBRFC 25 57, RIUASE T =0 Bk
FERRARRL, AHAS] TR =0 TR T A% B e
{H 22501, Horp B AR TR S AE A P WSS T Wi1w
AL ERAR M W AELAIG, BTN B2 v UR TR A
X, OB A SR TR B R Y e IR R 5 T
RS G ITE R . SR AL B0 B
FIMBMEX SFAS A TRRAE 5, T2t — 2P A R R
{55HE, TR NEZES .
2.1.2 HFLLPCA 43T G353 (principal comp-
onent analysis, PCA) & — G R RE4i =X, Geigix
R BR AR B R iR BE S B, I X UM EL 4 5 28T 43
2H. R 2D PPN AS R TR T =0 2R B AN RIS
FESHTRII 25 55, T i TSR B T T 805y
SihTe W&l 2 R, S — 3R (PC) FIEE — Sy
(PC2) I 3Ttk 5N 97.81%(>85%), i SZE )7
VERIAT B 4 TR R S R R AL
BYIIGEBSHE R . B SR B AE S TR B
FREEAESTE PCL _EBE&3K, BI85 “F B
FE S SORFC AR AL I W, RS2 AT B . X 45T
PEHT S AR EAR S . T ELAS Y UR TR RS ARE 5 5500
e SE I PRRE Sh B] A R B 5, R B2 R TR
SR G W) 5T A s R 2230, A LERRXU T4,
FLASVRUR T RO B R o SR I B AR S i R R
RILEY), X 5754 IEEPY a5 LA v R TH L XL
TR RGO T 3 T T ST PR B R
M S5 — 2, BLAS VR TR T3 S i XU 52
M /]S o FAUR G RN B4 ¥ R T 18 A R <A i 22 ]
HefZ B W X 43, W PR TR 2 BRI A &L = A —
EES, KRR

{EASE R N2, BT SR S pr i Ge i 15 31 25
ZHAE S B AR SR AR IR, 7T LAUGEAASE] 1070 =
FEBAAS [RIFRALAE & M3 R ARG S I E 2R,
(HEARNREER R E LG B ASESE 320

1.50 N
1.48 // J
..
1.46 L
1.44 /
/]

1.42

2. main axis (Variance: 5.44%)

1401 /)Y Iy

/ FIE A N
1.381 /1 [V \‘\//
136 e xS
134 —

N RN NN
PSP R 0 S D S D

1. main axis (Variance: 92.37%)
K2 RFETDT R RO R AL T4 PCA 1453181
Fig.2 PCA score plot of electronic nose data in different parts
of Morchella esculenta under different drying methods

KT HS-GC-IMS ARG T AR T4 07 =0T
- EERE S R BAR AR R PR & o

2.2 HS-GC-IMS SR ETFIEA R T ERFREL
HHEY

2.2.1 AFETHEIT T EHEELE A S Y GC-
IMS 225X EUEE S8 anlEl 3 iR, F1FH Reporter
Fe 2 AN R 2R B AR i P R AL B I S A (2
GBI 2SR E . E 3 AR B IR AT
[E] . GAARAT AR SR BE B TR, 1.0 Ab2h RIP 04, 4
P EE— B R —FE R PRI &), SEBEE
KANFRIRY RSB, NE 3 s, OB ik B
AP AR SR X HE, AR S I XS AE R A 42 S e 2,
PRI, AN SR o S b v ) REZH D) e BRAT 4, IS
TEXF AZEL D) S B (. PRI 3 AT, AH R R A
CHrEE 2L B B <A i), T E AR B i P AT
O L X I, EBHAS [R] TR A BT 25 B R 1S
RAL A ) L AN S e s B s, TR e RS T RS
AeE1), RS AHE] TR FR AR T3R8 A e
KR A AP . AEA TR, i SE I R e
AR i 5 R SRR A 2 R AFAE B R 22 57, TR Tk
FIEZS R UR TR 7 X A AL & A hidzs
Har, X 52 R —a

s XS XB DS DB

1000

800

600

LREAIT] (s)

400

200

| T
D5 D 5D D5aD S 5aD DB Do
LRSI ] (ms)
IR N i = Vil B A W R N e VAR R R S A ]
GC-IMS 2= 5%} LKl
Fig.3 GC-IMS difference comparison maps of volatile
compounds in different parts of Morchella esculenta under

different drying methods

2.2.2 AFETEETT R SRR T R HERRAE S

Bor ST A GC-IMS SRR S A B35 A PES
R BLATHEAT 4k AT, LA SR s M R
BRA A IR AARZH 53, ] FH AR R AR W B
HEE TSP, LUE M 4R K A s 50
Gallery fR{A42H B ASE T 2R LR
RGP Fe S R, Hoh A TR — R
i, BEFUXTR—FEE ARG, B CBEAR R —Fh
G, SaBrE (o th 2T A RS Hih s k. A

&SRS T LU A AR SR R SR &
M2E5E, M 4 FTHIL St TR, gt E Rt b
9 FhEERALG ). 4 FIERIS . 2 FIEESSHN 2 Pl s
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Fig.4 Fingerprints of volatile flavor compounds in different parts of Morchella esculenta under different drying methods by GC-IMS

1b&r & 5 Bodisb (K 4 PeaafEXs) . X5
BN WIS AR — 2, S RO TR T A
PRSI 2 A T A1 PR AR TR A IS 2L S R R
B, SR RS AE L, S AS R R TR R
KT EA 11 M ki G & 20 W (5 4
R EHEIX ), FE NS, RGBS
S5O BIFgR THR r 2 INAKIXUASZ M AT SR A R,
Hrp R XU ERFNLT AT S /N 2,6- — F -4
BERRFN 2,5-— H LR g A5 B 2 R 215 ) 2 B
I, X AT HER TR XU TR e YRR i PR IR AR
T PR R A BRIRY BT, AR, PR TSR B A
RN RS e SIS AR A a2
2.2.3 AETHEEDT 2R 2 PR MR LS )
REPEST AnFR 2 B, R BTG LAV (lab-
oratory analytical viewer) 3RA5 1 £51~ & & HEFE & M
AE PSR R, MR PRI A — T R S rh A
R MHERWRALE Y AR 5P, 3R 2 WA,
2t GC-IMS 558 2R IEBE b 41 Rl & XUk 4
JoT, EFE 9 FIEESS . 10 FPESS . 7 FPERZE . 4 FITESS .
4 PSS FhkIEZE 1 A RAb SN 1 RO
BEEE . R S T DR RSP A BRA A o v, B S A
a7, HLUCHERISIEDE, & MR RIS 86.01%
il 84.82%. TG, B FINRZL G B & 3
B (P<0.05), BRZEFINLEE2EAL G4 & B W =
(P<0.05),

LEWIRPh TR B S, SR T R PERIR A S
Py S A R AR WA AR . P AL A E
BT T S B R, IR e S R R
FUPEAPAE R . IR i 1o d-3- B/ \ s
bG8, XY BB S B P B AR €0, B kAR

F S B TR 2, 2 TR e L AR, DR T
AP S X S P B RS S B IR A o 5 B A S,
Hop BV VR TR IS A 5 ) B0 £ BE DL T HAUXL
TR, X S IRBIITAE Y F SRR TR L A AR T
PR Ak 2t AR ) ST e 45 AR A — 2

AL S P ERE AT, X 5 B XU BTRR B A,
HH Cs~Co MEFALG Y 2R A T AMANR TR
ALV SRR A s B e 22, et
JER AL PR TR 1 R ) S ARG AR PR (o iy F 2
ZFER) B CRAFIAR) 25 5 S MR I, SEIMPR Y 4
AN S E IR 2 5 B S PAE S W il P AR R R

PSS Fe Ve &5 W H A R A R, AH BT i =
JHEBEAR A, 80 TR RS AR B P RS
ORI . PO AL R 2,3-T 0 2-~=
A1 2,318 B AFEER S A S P G R TR A
PRERBRE S, ATRERY IR SRl SR T A o Ak
NEZEFIRESE W) BT SR A, AT iR 2 4% % A5
Wy, XS HA R AR HLEE AR

BEISHE A e & W H BA R A FAE A IR, — B
FH S AT LR ) A it e A ol ke A 4 Vg R A A S iz
FEAER . TSR R R R SRS N BRI LRSI

A=A
=52

P, HL B <P S i i T AN, S PR TR AR RS T
eEY o BRI

s SIS S M W) W o B A3 it Al e
WEISSEAEY, TS IR G B BT
B HA a-PRd (FATF IR TE LSV URTIR AR S R
A9 B2 T AU TR AR AL, IX AT RE R ke 2s
G PITERRIA AR AL PR 57 1T 55 TR K A2 oK & RV
TS, DR E R AR dl HR R AT Y, X — 4521
W5 R A
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Table 2 Composition and relative content of volatile compounds in different parts of Morchella esculenta under
different drying methods
Zi e CAS% ¥ HIERECR)

BEER OB AR TR A AR TR TR PRI BT AR N
Mk 1-CU 111-27-3 CH,,0 1.56£0.02° 2.02+0.03" 1.67£0.04° 0.64+0.01° 1.21£0.02¢ 0.81+0.01°
1-C B R R 111-27-3 CgH,,0 2.57+0.02* 1.82+0.01° 0.84+0.01° 0.97+0.02¢ 1.02+0.01° 0.74+0.01"
143t 3391-86-4 CgH, O 2.80£0.02" 1.76+0.01° 1.49+0.12¢ 2.44£0.12° 1.42£0.02¢ 1.51+0.12¢
1- N 71-23-8  C3HgO  0.66+0.05°  0.33+0.00° 0.30+0.00° 0.79+0.01° 0.39+0.00° 0.39+0.00°
S 104-76-7 CgH;g0  0.62£0.02  0.64+0.02° 0.42+0.01° 0.41:0.00% 0.44+0.02° 0.48+0.00°
SRR 104-76-7 CgH;gO 23.31x0.23¢ 29.38+0.65"  27.7240.53" 25.46+0.32° 20.28+0.43°  25.82+0.56°
2-C - 1-F 2305-21-7 CeH,0  3.35£0.02°  3.55+0.08° 1.86+0.01¢ 2.13+0.12° 2.05+0.29 1.7740.12¢
2-CU-1-FE K 2305-21-7 CgHj,0  4.16+0.02° 10.51+0.17° 0.76+0.02° 1.06£0.01¢ 1.25£0.01° 0.960.02¢
173 71-41-0  CsH,0  0.99£0.02° 0.76+0.01° 1.02+0.01° 0.44+0.00¢ 0.99+0.03° 1.26+0.10°
At 40.02+0.40° 50.760.98" 36.07+0.75¢ 34.34+0.61° 29.06+£0.83¢  33.75£0.94°
23 AT 100-52-7 C;HO  5.17£0.02* 1.29+0.06° 2.68+0.21° 2.02+0.02¢ 3.60+0.02° 2.58+0.15¢
H R R IR 100-52-7 C,HO 0.41£0.00° 2.45+0.12° 1.16£0.03¢ 0.59+0.01¢ 1.61£0.01° 1.06+0.08°
T 123-72-8 C,H;O  0.08+0.00° 0.08+0.00° 0.28+0.00° 0.47+0.01° 0.37+0.00° 0.3420.00°
PR 111-71-7 C,H,0 0.36£0.00° 0.48+0.01° 1.8120.08° 0.34+0.00° 1.64+0.01° 1.22+0.09°
PR TRk 111-71-7 C;H,0 3.00£0.00° 5.66+0.17" 4.49+0.12° 3.1240.01¢ 3.0120.03¢ 427+0.15°
O 66-25-1 C¢H,0  0.20£0.01¢  0.30+0.00° 0.29+0.00° 0.210.00¢ 0.41£0.00° 0.35+0.00°
R 110-62-3 CsH,;0  0.31£0.00°  1.09+0.01° 0.97+0.01¢ 0.25+0.00" 1.02+0.01° 0.72+0.03¢
SR — R Ak 110-62-3 CsH,,0  0.23£0.00° 0.43+0.01° 0.65+0.00° 1.41£0.01° 0.59+0.02¢ 0.82+0.01°
] 123-38-6 C;HO  8.01+0.14* 5.77+0.16° 3.50+0.01¢ 4.63+0.08° 4.50+0.21¢ 4.78+0.14°
(]2 123-38-6  C3HO  2.57+0.08"  0.69+0.00° 0.90+0.01¢ 1.36+0.03" 1.14£0.08° 1.110.01°
it 20.33+0.25" 18.24+0.54° 16.73+0.47° 14.39£0.17¢ 17.89+0.39"  17.26+0.66"
[iEES 2,3-T 43-103-8 C,HO, 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- I 600-14-6 CsHgO, 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 78-93-3 C,HO 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-TTH — 5k 78-93-3  C,HO  0.21+0.00" 0.30+0.00° 0.87+0.01° 1.1240.01° 1.10£0.01° 0.70+0.01¢
22 111-13-7 CgH;0  0.53£0.00" 2.43+0.21¢ 5.63£0.31° 1.45+0.02¢ 5.02+0.08" 421+0.12°
2-J il 107-87-9 CsH,(O  0.32+0.01°  0.29+0.00 0.10+0.00" 0.13+0.00° 0.18+0.00° 0.19+0.00°
2L 108-94-1 CgH,(O 1.73£0.02* 0.93+0.01° 0.51£0.01° 0.29+0.00" 0.49+0.00¢ 0.37+0.00°
“it 3.89+0.04"  5.87+0.26° 19.08+0.75° 8.26=0.08° 17.89£0.64°  14.59+0.30°
BE LIRS IR 123-92-2 C,H,,0, 0.57+0.00° 0.52+0.00° 0.52+0.01¢ 0.54+0.00° 0.59:£0.00° 0.52+0.01¢
LIRSIRBR R 123-92.2 C;H,0, 16.95£0.52° 8.74+0.21° 1.05+0.04° 0.45+0.01¢ 0.82£0.01¢  0.46+0.01
LIRS 108-21-4 CsH,,0, 0.90+0.02" 1.49+0.00° 5.76+0.16° 3.85+0.02¢ 7.19+0.23" 6.70£0.21°
LESENBRZ A 108-21-4 CsH 0, 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+0.05" 9.88+0.27° 9.24+0.27
et o-JR M 80-56-8 CjoH,s 1.36£0.08° 1.11x0.01° 1.20+0.01° 1.82+0.01° 1.24£0.02° 1.26+0.07°
o-TRIT 2RI 80-56-8 CjoHs 1.62£0.02° 0.96+0.03° 0.48+0.03¢ 0.59+0.03¢ 0.54+0.01¢ 0.43£0.01°
T s 138-86-3  C,oH,s 0.68£0.01°  0.49+0.00" 0.620.00° 0.84+0.04° 0.72+0.01° 0.64+0.00°
KN 100-42-5 CgHg  0.83£0.02¢  1.19+0.0° 1.15+0.01° 0.80+0.01° 0.90+0.01° 0.71+0.01°
&t 4.49+0.13*  3.76+0.05° 3.45+0.05° 4.05+0.09° 3.39+0.05¢ 3.03+0.09°
g 2,5- HI Rz 123-32-0 CgHgN,  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-"EMEE —RIA  123-32-0 C¢HgN,  0.40£0.00°  0.77+0.01° 3.3540.04¢ 12.07+0.45 5.4140.15¢ 5.94+0.12°
2,6-— HIJLnit g 108-50-9 CHgN, 0.59+0.02° 0.88+0.01° 3.0120.18° 6.73+0.18° 4.11£0.11° 4.16+0.09°
2- R B s 109-08-0 CsHGN, 2.04£0.04°  0.79+0.01° 2.3240.05° 3.6340.14° 3.5440.14° 3.33+0.12°
2-FIEEMEVE A 109-08-0 CsHN,  0.29+£0.00°  0.19+0.00° 1.53£0.01° 0.62+0.01¢ 1.22£0.01° 0.81:£0.02°
it 3.59£0.06°  3.14£0.03° 12.760.34° 27.18+1.14* 17.62£0.53°  17.55+0.46"
oAbk R ok 75-18-3  C,HS  1.11£0.027 2.14+0.02° 3.64+0.07° 5.34+0.34° 4.06£0.11° 4.36+0.08"
X R 106-42-3  CgH,,  0.91+0.01*  0.27+0.00° 0.19+0.00° 0.45+0.01° 0.20+0.00¢ 0.22+0.00°
&it 2.02+0.03"  2.41+0.02° 3.83+0.07¢ 5.79+0.35° 4.26+0.11° 4.58+0.09°

TE: FATANRNG FRERR 22 57 .35 (P<0.05)
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— I, MRS G R B IR RS R,
T SEPAE I N S E A e AR, S AR
Hh 2 FR SN R | 2,5- I EnkER R 2,6- " FR LN A
M BT, AT RE TR AR T E 2 T RIS
YA, AN, A A PR PRSI 2 —
A& (W Rt ), & HE Hodw T, &
A& H nT O S R SRR & S PR A W ' Stre-
cker [ AR R0,
2.2.4 AETRRTTCT SRR T OCERHERR S
BT SRR G W T B B 14 B AT BEFR
Shy SR BME”, ¥R LA PR SR I DT R
BEAA G i 20, i 5HEA G, Bk, 8T
PE—2 T i AS [F) A BT 2 B ) S B kA b
AW, R AR SR B (ROAV) PR 4 K1k
B PR S S AR SR 1 STRR AR S, ROAV =
1 BRI BT R SRR SR R 5, o) = A PR S R <
PRTTHREL R 0.1 < ROA V<L, BiHIIZ ) B stk =<
WRALA Y, X R AR R AR S MR P, 3R 3
HANFES T ROAV = 0.1 193E R YIS
TR 3R 3 PR, SRS A 21 Fhik
G ROAV = 0.1, XHEMFEATTEEA. T
JERTERESD H ROAV FETER R AR, HoA gt e it
PERES T 6 PR R HEARILEY) ROAV = 1; T
JEAER RS A 9 PRSI G ROAV =
1, PR TERAC BRI, Frr= e T A . LR 2,3-
R 3 AP OCERE SRR G, YRR E R T B A
PRFIZE 2Rk, OOl B SRR, 2,3 i H AT

WO AR, HEN T GBI E 72 R
JERE BRI, FIERRTE RS A 6 R R] S
SR G, 537520 1-"F-3-1 . BEiE . TN . 2-37
filsl . 2P S SR R S ik, HeHR 1-95045-3 IR
T2 B TR 7 A ) Sl YR, ) Bk At () 1 L
FINRE S R A S Y BA R IR TR, 1 L oG HE
A 1 Z 81 AR EAE PR IR ZE 0 T 2 i PR AR ) B
o [HIFEEE, ZBRAIXERH ROAV 7T 1AL
HRIS R RE R, T P Lk . 1-2H-3 BiE. 2,5-—
FH BENE IR AN 2,6- — H ZENEESE ROAV {H B 3K,
YA 20 LA VR TR AN T 5 T e S T35
SYTRAE R, (H R IHPE 2GR | B i . R R AN AR AR 1Y)
TTHREE IS, HEAb, 2B A B <R R B A 1) S R Tk
G TIR DTRREE AR 25 5, PIRP T b 3= <
SR IR AL A W 1 ROAV (8 24 &5 T X 7 8 A% 14
ROAV fH, iX 5 Z Bif B <Px v 58 i i 42 Jot 5 2 AH
XTR o

AR IR B AR Ty =X A B AR
fh R 9 Fh ARSI G W AR T B 2T PCA 43
i, g5 B anE 5 s, PCL BITIHRR N 56.2%, PC2
M BTRREE N 30.0%, RITTIHRFN 86.2%(>85%), #i
2R P S TS SR B S REAE SE L X T, P
Ty UE SE R B AR AT X 5, B S .
ST 2 i DA B < R PR 22 ] 22 55 m T U DR
Pk (PEAIR ) s Hidh 2-S7ER AN 2,3- )% Al <OR ok
M 25 SRR, RS EEE HE  S HROXCTRR EL AS v
R S S e S 1 SR P s A o

%3 AR AR PR RO P 2 TS YIH) ROAV A fifiik
Table 3 ROAYV and odor description of volatile compounds in different parts of Morchella esculenta under different drying methods

EN ROAV s

e fesn (mg/kg) gy PEEEMN EESRURTHR S BUSRWRTHREN PO THR S SUR TR i

1 1-SF-3-FE 0.0015 2131 25.34 100.00 100.00 100.00 100.00 SR

2 2-C -1 2 0.04 0.15 0.13 0.10 0.17 0.14 RAR

3 2 g 0.3 0.21 0.27 1.29 0.53 1.83 121 AR 22 2R

4 T 0.0562 0.02 0.03 0.50 0.51 0.70 0.60 A i ik

5 PR 0.031 1.24 428 20.46 6.86 15.85 17.59 PSR

6 CE 0.0075 0.30 0.86 3.89 1.72 5.77 4.64 SRR

7 T 0.2 0.03 0.16 0.82 0.51 0.85 0.76 A R

8 P 0.06 2.01 2.33 7.38 6.14 9.93 9.75 ISR AR

9 2,3- T fH 3 0.00 0.01 0.23 0.04 0.22 0.17 [N 1IN

10 2,318 1 0.02 0.15 0.41 16.61 1.51 14.63 9.74 O SRR

11 2-TH 0.4 0.02 0.05 0.68 0.57 0.83 0.70 [LENE SRS

12 2-3F 0.05 0.12 1.05 11.34 1.78 10.61 8.36 YFFIR

13 2- 1 0.09 0.04 0.07 0.11 0.09 0.21 0.21 AR, FrHEIR

14 5 IR 0.002 100.00 100.00 79.03 30.43 74.47 48.68 T AR

15 LSRR 1.7 0.05 0.08 0.39 0.18 0.53 0.48 SR RAIR

16 o- TR 1.0138 0.03 0.04 0.17 0.15 0.19 0.17 AT | HEABR

17 Fras 0.5 0.02 0.02 0.12 0.10 0.15 0.13 AR

18 KL 0.12 0.08 0.21 0.96 0.41 0.79 0.59 IR

19 25-"HEME 175 0.00 0.02 0.34 0.57 0.53 0.53 +5 . R

20 2,6-—HHLMEE 0718 0.01 0.03 0.42 0.58 0.60 0.58 QNSNS

21 W S Rk 0.01 127 4.62 36.64 32.83 42.89 4331 TRAR

TE: BRI G PITE K O L SR BB, P SRFFIER 4, S5 I http://www thegoodscentscompany.com/,
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Fig.5 Bioplot of PCA of key volatile flavor compounds in
different parts of Morchella esculenta under different
drying methods

3 iR

ASWFZER) B, T £ HS-GC-IMS £ AR X B2
Vo VR TR AR XU AR A B 194 2 e B R < R A 1
FERMESRAL G A THT, KI5 B AT
RS ARAFAE I i 25 52, HH TS nT A 8L o TR
JERESY . Bt HS-GC-IMS 43T, S [RIRE i v A )
H 41 P R M XK I, JHC vt e S T PR P s
FRISFNIERAL S & B w, TS, B REIs b
G IS, WSS A R G ) B e R
(P<0.05). UEAh, FHEITEED7 =0T 2F R < R
AL G Y &= T RN (P<0.05) . dF—2E454
ROAV M3t i 21 FhXHRE SR A Tk 1k
G, Horopr et ERE AN A 6 FhOCERRIL S
YILFE 1-0-3-B5 . BEmE . DN . 2-E00 . L85
PG A FH Lk, AT IO TS b PR L R s g e [ P L
AR AR, TS PRSI TR . O
1 2-2FfR 3 PRSI S

2% b, FAS AR TR AN R JR X o 2 L R
P ARRFIEAEAE B 520, B R T R O
B RE BRARE PEE FVASEIA S TR
SR O R R S T I ERSS IR A ), [l BT
PETFIEIERENZE AL G, FESEFRA = vh T H 4
R AT =, ARAR SIS ARSI T o1+
W7 =T 2 BB KR, S il vl RAE— R B
Z VIR TR A R TR S Z P ARG T 7 =0
XA SIRFIE I RE I . AT A B TR T %
ENERE.vaEwis il =E VRES N S S W S e Y RS )
A AAR N T AR B i B9 — 2 7 R A FH IR S
K.
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