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Study on tasting components of fruiting body of
Morchella in different developmental stages
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Abstract : The tasting components of the fruiting body of Morchella MO were studied in different developmental stages. The re-
sults showed that the content of volatile tasting components in the fruiting body of strains MO varied with the development sta-
ges. There were some differences in the key volatile aroma components, and cluster analysis showed that the volatile compo-
nents at B2 and BO3 were more similar. Contents of polysaccharides and phenols were accumulated with developmental sta-
ges. The content of 5'-nucleotide decreased first and then increased in the developmental stages. As for the content of aspartic
acid and glutamic acid, no significant difference was found in the developmental stages. EUC ( equivalent umami concentra-
tion) of MO varied from 93. 626 to 269.336 g MSG/100 g and expected the highest density on B0O3.
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NEAIE 5 i i AR i AR 1 , A7 iR, e T g ik
AR & B By BOR 2 300 23 bR ofE R 34 i) 4
(BO1-&ha (7R K 2 ~3 em) \BO2-Jl2H (1
AR E 6 ~8 em) (BO3-J5 U (LK K 10 ~
12 em) FEATIHORE, VI 00, B0 B i 1 .

1.2 KH5EE

Fw-80 =5 380k R AL (b 503 2% B ik B A R 2
) s DZF-6020 EL25 1440 (IR R SC S i 48 A BR
AT 5 2K B (Millipore 23] ) 5 L-8900 2 JE R
H 378 ( H A< Hitachi 24 H]) ; ALC-Z10. 3 HL K
(B A KA R A 5 LC-20 w3 %0 A
I (H A B A D) 57890-5975 AUHH (4 1 - i 3%
KX (GC-MS) , B A i, 735 i i B R (ED) (&1
Agilent A F]) ;65 wmPDMS/DVB % B £F 4 3k ( 35 [
Supelco /A @] ) ; Teledyne Tekmar Atomx Zfj 7T %5 H
SRR

S'-BHR RS B BERARE W A Sigma A7
CISai NG OIS aE P RE AT R S
B PR PR A A
1.3 Fi&

13,1 7= Bl ARf B

PR IS A RE R G X 50, BRI 2. 00 g iXFE i
BAE 10 mL LSO, A L. S g NaCl F1 6 mL 285
AU AMZEIRAK A SRS F WS T 15 mL T
2SR B AR A AR AR AR TS 7843, T 50
C W 30 min, W5z BRFAS AR 25 BB B J 4 AR 3
HFEE, T 250 CHE 3 min, T GC-MS 34,
1.3.2 GC-MS &4

(4% 4E . DB-WAX (60 m x0.25 mm,0.50 pm) ;
A WA AT AR W (EREAEL) 1.0 ml/
min; PERE O 230 °C 5 HERE 5 5 T b AR s 203t
Fb:10: 1 FHEFR T :35 CAERER, L5 C/min #%
FHE 2 220 °C, £84F 10 min; B B 230 C ;4
AR s scan B FHIVEE - m/z 45 ~ 3505 4%
L 230 C
1.3.3  ZARBEMAZR>FET &

K R AR ST BR 7% BE {H ( relative odor activity val-
ue , ROVE ) PP 25 # i M) Jo XA oty AR XA 1Y) BT
BRSO St AU 5T ik 5 K A 253 (9 ROAV =
100, W HABFE KRR S3 9 ROAV <100, Ha 75k

ROAV ¢ L 100
NC, X 7 X

s €Ty 0 50 O 74 S P 0 o B8 AR X 5 4

(% ) FRBIE (ng/kg) s C, T, 730 W it B A
DR BT 1R e R 4 43 04 R X i (% ) A B BB
(pg/kg) o

ROAV = 1, i BZ W) 3 Ry 5 i 1) 32 440 IXUBR: &
4y, BAE—EJEHE N, ROAV A i B % 4 i ot A fk
AU BTRRER A ;0. 1 SROAV <1 (8], Ui B4 Jii X
PR KA VR
1.3.4  RAmBmMNZ

FREL 100 mg B3 AKE S I A KA, JinA 100
mL 6mol/L [JEL R, #4515, T 100 C/Kf# 24 h, /K
fif S A S 2 A PR S 3E 2 L-8900 SR [ Bl 43 T X
HEATEIERR T

DR 25 < 43 254 (4. 6 mm x60. 0 mm) KR Ky
55 °C, V2SI A 130 °C, Yel M i3 4 0. 40 mL/
min , B =FdE A 0. 35 mL/min, gEEEE A 20 pl,
1.3.5 S'-#3Fsten

BCEER B T8 1 og, A 25 mL Z848/K, 2 1
min, B H ZZIRGE T 12 000 rpm B0 15 min, B
VW DA R 5 R E R A I L,
%50 mL, BRI WGT 0.22 pum fFLIERE, B AL
WA AT HE TR . (454 : C g A (250 mm x
4.6 mm) , Jii sh A : KH,PO, 2% 01,259 nm 285k
SR, HE 3 30 C 5 gFRERE 10 pl 2,

1.3.6 F&REMTH

SEEEVR A (EUC) 5 F R RAE 2 i i fif ik 2
JE 875 100 ¢ THEY T, AR (MSG) iy
TR FR BB R A HEAR T

Y = Yaibi +1 218( Y aibi) ( ¥ ajbj)

K.Y 2 EUC {8, BLf J2& g MSG/100 g;ai iy
R IR (RA AR ASP AR ZA TR Glu) B it 77
(%) ,aj EEZITERLS - WL (5'-IMP) |5'-
BA7 R (5'-GMP) | 5"-B{ 11 iR (5'-XMP) | 5"-JJ# 11 iR
(5'-AMP) J i J5i 70 %0 (% ) , bi Jhy 5 i S B 1R AH X
MSG i fif A2 EE (Glu = 1, Asp =0. 077) ; bj K2
RAZ T BRARRT 5" H R {E (5'-IMP =1 .5'-GMP =
2.3.5-XMP =0. 61 5'-AMP =0. 18) ,1 218 K[
VERTH B (AR BE AR /100 g)

1.4 HiEAIE

% FH IBM SPSS Statistics 22. 0 ¥f £ HEH W)
JEHATEE 53T o
2 BER55H
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NIRRT B Bk a4 1 22 R MY BT,
FCAH AR X & W3R 1 B, EE AL 2 M
2 8 FhMEZE S PSS 5 R (1 Rk Ak 5 W A
L R it &1, P R Y SR X 5 e K, 23
1 40.08% .40. 91% #11 48. 89% , HLik Wb &
Yo BEEFHREA KR, BEEGY SR 2 1
THEa S, M RAL S Y B2 G Y B R R BT

ZERNAK, WAL PI1E BO3 [ BoA R B,
A5 AT, BOL 1 BO3 Al H 20 Ffr M B 5
BO2 i 2] 14 Ry, b Ay 13 Mea ¥z =4
KA WA AL DL, f A 3-F R TORE 2-FP S T (2-
FHRE DA | IE U I8 | IE G 2 R\ 2- T -1 - A
3-FHEE-1-T B -0 B\ 2-15 SR R, - DU e — 5

Ao

x1 ARARENEREMRIEZEREETSHIHEXNSE
Table 1  Volatile compounds and their relative percentage contents of samples in different developmental stage
AHXS 55
255 &Y Relative content( % )
Category Compound
BO1 B02 B0O3
2% Ketones Nl Acetone 8.21 - -
2-Jifii| 2-Heptanone 0.38 - 0.50
/it Subtotal 8.59 - 0.50
52 Aldehydes 3-FHILTHE 3-Methylbutyraldehyde 10. 84 13.50 14.76
2-FI 2 TJ% 2-Methylbutyraldehyde 7.51 8.74 12.48
2-F A% 2-Methylpropanal 7.12 11.11 11.59
2-T W 2-Butenal - - 0.87
1FE . n-Hexanal 11.09 5.69 7.16
1E %[ n-Valeraldehyde 1.82 0.82 0.84
RHE Benzaldehyde 1.2 1.05 0.81
TEF# n-Nonanal 0.50 - 0.38
/Nt Subtotal 40.08 40.91 48.89
Bk Aleohol 2-F1 -1 - 2-Methyl-1-propanol 11.51 10.76 7.61
3-FH3L-1-T % 3-Methyl-1-butanol 18.15 18.32 14.67
1-CL /% 1-Hexanol 6.35 4.17 4.53
1-J% 1 1-Pentanol 1.7 1.58 -
1-T-FE 1-Nonanol 0.87 - 0.68
/Nt Subtotal 38.58 24.07 19.88
RIS Furans 2- 1% FEW R 2-Pentylfuran 0.87 0.46 0.55
/N Subtotal 0.87 0.46 0.55
}£2& Hydrocarbons + 4% Dodecane 0.33 - 0.40
T IU%E Tetradecane 0.67 0.51 0.59
& Dichlorobenzene 0.47 1.03 0.53
KM% Longifolene 0.42 - 0.41
Z% Naphthalene 0.67 0.62 0.52
/Nt Subtotal 2.56 2.16 2.45
EYitiact’] R =mAY _ _ 0.95
Sulfur compounds Dimethyl trisulfide
/Nt Subtotal - - 0.95
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2.1.2 RRAZFHBEELEFZRD D

BRI A R B B2 T B 15 A 22 Fh % 2 1 XU
YT AEE HAT /INER %o A A XU AT J 2 DTk, i
A — o XA R R A B E R . R LAY
XA TR B ORI AR R PeE A seqk
A AR, (HAR BB ARG, AT BB XS = B B 3
AR EZAEH . R 2 a5, AN RLE & B B F
JHETRT T il X 2 A XU R RS B A A0 4 R 1
(ROAV=1)H —E 5%, BOl () EREEMEFES
BT 2-HE T 2-FH RN O OO IR GEE L OE
T 2- Ay 25, 2-H T REEA R F A ]

WR,2-F N B I v ) VEBRR, IEC BERA TS
AR R, EBEEARE HaE, EEER
AT MR R LR, 2- IRk i 2 A R
A W R YEFLH] A A, 1-C WX B R XU K 45
HHEERBUER (0. 1<SROAV <1), BO2 E{RH%
KR 3 B, 205 2-F T E \2-F P
REFNIE L, (EE | 1-C B8\ 2- R IR g 28 0] A
WAL T EAE R FH . BO3 1) F2 K45 K 1 B Uk
O3 2-WRETE 2-F BE N A P =R Ak, —
e = mife ), BA A& FRAL G RER IES
i | IE T X B R KU AR Wi 1 ] o

R2 FHEHMELMEMSSKIEHKE

Table 2 Odor contribution of volatile compounds of samples

U

et Odor threshold ROAY
Compound

Us/ke BO1 B02 B03
A Acetone 500 000 <0.1 - -
2-Bifilil 2-Heptanone 140 <0.1 - <0.1
313 T 3-Methylbutyraldehyde NF NF NF NF
2-HUEE T8 2-Methylbutyraldehyde 1 73.83 55.07 6.57
2-F SEPE 2-Methylpropanal 0.7 100 100 8.71
2-TJ#51EE 2-Butenal NF - - NF
IEC [ n-Hexanal 4.5 24.23 7.97 0.84
1EJX% [ n-Valeraldehyde 12 1.49 0.43 <0.1
R HIE Benzaldehyde 350 <0.1 <0.1 <0.1
TET/# N-Nonanal 1 4.92 - 0.2
21 -1 - 2-Methyl-1-propanol NF NF NF NF
3-FH 3L-1-T % 3-Methyl-1-butanol NF NF NF NF
1-C' % 1-Hexanol 250 0.25 0.11 <0.1
1-7% 5 1-Pentanol 4000 <0.1 <0.1 -
1-T-f#% 1-Nonanol NF NF - NF
2-IFL R NEg 2-Pentylfuran 6 1.43 0.48 <0.1
+ %% Dodecane 2040 <0.1 = <0.1
+PU%E Tetradecane 1 000 <0.1 <0.1 <0.1
T4 Dichlorobenzene NF NF NF NF
K47 Longifolene NF NF - NF
Z% Naphthalene 6 1.10 0.65 <0.1
T HIE=Hi1kY) Dimethyl trisulfide 0.005 - - 100

2.1.3 BEAMWHRHGEELHH(CA)
KRG RITr ik, BN FJ7 Euclidean
02 Al Ak A (e e 0 O 3, AR & B R B B E A&

PEV B g A 6, X 3 A HE bl 4 A PR B A T 3R
Fo i, A R WA 1o dr& 1 R[ A, BO2 A BO3
Roy—AHHE, B0 5 B02 \BO3 B4 A VEY A
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BO1 A 5 Jy AL 4 K MR 157 o

> s03

B1 AREXEMBRFEMEFREEITRAKE
Fig. 1 Cluster analysis dendrogram of

samples in different developmental stage

2.2 FAEEXEMERFEMESEMEBEMRSH

HiPE 2 AR, B IR AR K R, 2R
By o B B 3 BT R BO3. ) 22 W A 1
RERWERT BO2(P <0.05),1fii B-02 Ay ZHH AN
B SR T BOL(P <0.05) . PNk, 3R
PR 5 S R A T AR A T SRR

/¥ J$Phenols \\ £ fiiPolysaccharide

250
b a
200+ e = &
= =
El
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5
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b -\ 2\
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B2 FAEREMRFHEBENMSBEYRES
Fig. 2 Differences of phenols and polysaccharides

of Morchella in different developmental stages

2.3 FEAXEMEFHAZTRS

TR b S R =R R A, 74 R
S8 A MY AR 0T LA 2B A S O, 5 28 90 i
FARE BRI o o S~ T I 2 L Y 1) 22 S DR )
Jit, X 8 S RALH AN SR I 2 B e £ i L
X TSR it B 25 G R AT — € RS I8P
XA AE R T B BEAE R RE dh 4T 5 - A
AR 30 AFERK AT BB H 6 Fiix
W 5'-CMP,5'-AMP | 5'-IMP 5'-GMP, 5'-UMP
5'-XMP, BE#E A Kb, AT IR B, P
ETRiEaS . CMP A AMP & B3 1w R K
BETHE#F(P<0.05),B01 il BO3 ) GMP & &
BT B-02(P <0.05),B03 f IMP & i i %

F BO1 A1 B-02(P <0.05) ,B02 il BO3 ) XMP &+
BT BO1(P <0.05) , UMP & RAE A [ & & B
BEEMAR(P>0.05) . —BAFOL T, B HRAY S5 -
CMP {1 & S AH Ay 5777 MR A 40 e, K 45
REWEFERABISL,S -CMP &5 R
#3 FHERREZENRSS HHERNESE
Table 3 The content of 5'-nucleotides of Morchella

in different developmental stage (pg/g)

A
Nucleotide B-01 B-02 B-03
CMP 615.25 £22.54* 332.51 +15.68398.91 £29.81"
UMP 34.38 £3.00°  31.48 +1.73* 36.59 +6.91°
GMP 30.65 £4.77""  28.79 £1.59" 34.82+1.21°
IMP 99.47 +9.71" 181.87 +21.877385.77 +18.21°
XMP 1.55+0.22" 1.99 +£0.27  2.98 £0.41*
AMP 28.79 £9.11° 4.02 £0.14">  3.44 £0.65"
A%

Bpt 810.09 580. 66 862.51

Total nucleotide
A F FRERR BEME2E 5, P <0.05; & it KR AV 1{H + brif
W&,
Note ; Different letters means significant difference, P < 0. 051; Content is

expressed as mean =+ standard error.
2.4 AEEZEMEFHESHKFSSERS T

RITTA R TR BRI B R R 1) B A 2 g
oo B BRI IT I A SR A3 & BR R A S A%
WAL FE T B AE 2R, A 1B ol 7= 28 T 4% ARl
ORIE . AWTFERS AR A 7 B B I R 7 S A i
Ui S @ FERREATIN E o INFR 4 LS, AN & B BL
TR S R R 22 e AN, FR A A B
FE2R(P>0.05),

F4 FRREMBEFEMEF Clufn Asp HEE

Table 4  Contents of Glu and Asp in fruit bodies
in different developmental stage (% )

B PNRESAT HAMR
Sample Aspartic acid Glutamate
BO1 1.782% 3.989*
B02 1.748* 3.793¢
B03 1.788* 4.503*

2.5 EHEBRELZRSN

BFTE R A, B 0 B4 PRI 19 i R 32 2R T
5" AZH R e 5 B AR, — AL R A AR I, S Ok AT
LA BIp [ S5 257 R AIE 2 B 0 ke 14 4 0 e (1
(EUC) 2Nz PR B8 mies , LA Lo &
SRS 2 (B PNV A= g e Es 2735 I B 1
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3 A R R R B B BE R EUC (A W 3 2%
5 BEE SRR A K & B R, EUC A2 FTHE
BO1 1) EUC {4 92. 626 g MSG/100 g, B02 [ EUC
{B4 123. 535 g MSG/100 g, BO3 ) EUC & H 269.
336 g MSG/100 g, Mau %' %t EUC {# %1454 a4~
K 55—k EUC > 1 000 g MSG/100 g T,
%5 —JKF-H 100 < EUC < 1 000 g¢ MSG/100 g + &,
%5 = 7KFH 10 <EUC <100 g MSG/100 ¢ &, 45 U
Kk EUC <10 g MSG/100 ¢ T, i EUC (]
H1,B01 J&F 45 = /K F, BO2 Hl BO3 ¥ )& F45 — K
-, Hirp BO3 /9 EUC {E i o
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Fig. 3 EUC of different samples in

different developmental stage
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BT RR , H EUC {2 d7 8 n, By DL 23R4S 50K
IR IR B g (9 3 T 7 S0, ROREAE BO3 EAT R
W, 3 5 3% 3t A BO3 JEUE MG, AN AR A
WA P, I EERY) TR o3 5 8 MU E PR
7 T 7% R, = T i A R SCH00 IO ARG = TR T 4
A H BT E o P SRS TN Tl £& BO3
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W o TRBIFTE A TR R B AR A XU A B9 5 T R 5
AR TRt S e — P A M I BE 2 1 B
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