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H EARNMFRABMRLIL, RABARERER KSR, KRk e @Rt AT, MEEM
MER-A A &% K% (Headspace-solid phase microextraction-gas chromatography-mass spectrometry, HS-SPME-
GC-MS) £ 4 #F A &ML (Odor activity value, OAV) o5 2 A @R %M Hh. LR AW, MEEE 5000 Ulg.
pH6.7. BafRiRE 44 C. EGMERTIA 2 h A mAEBEM T 7, s FM T RMEL 34.11%; GC-MS A4S 2 HEX K
Rkt i 23 A%, KPR GE 17, B5RR4 21 4%, BEREE Rk M e 2384 T 203.71%, BEAAR £ EMFE LM
Rk i, & AR 4G 78.50%. #—F 547 OAV=1 e ddn, = QM 74, BEMRM 9FF, Mz R%
BE, RCEE, ECTEE, RYEE, T, FMEE, 2-REk8, 490, RAFBEBRRGXERANEY. X
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Optimization of Enzymatic Hydrolysis Process of Morchella esculenta
and Analysis of Volatile Flavor Compounds in Enzymatic Hydrolysate

ZENG Xiaofeng', YAN Mi', GE Zhixing’, GAO Lunjiang', YIN Xumin', DIAO Yuan',
SHANG Sang', ZENG Shunde"”

(1.Chongqing Academy of Agricultural Science, Chongqing 401329, China;
2.Shaanxi Institute of Supervision & Testing on Product Quality, Xi'an 710048, China)

Abstract: To optimize the enzymatic hydrolysis process of Morchella esculenta and expore the volatile flavor compounds
in its enzymatic hydrolysate, the enzymatic hydrolysis was optimized by response surface design, and the key flavor
compounds were identified by headspace-solid phase microextraction-gas chromatography-mass spectrometry (HS-SPME-
GC-MS) combined with the odor activity value (OAV). Results indications were as follows: enzyme addition amount of
5000 U/g, pH6.7, enzymolysis temperature at 44 °C for 2 h, the hydrolysis degree was 34.11% under the above mentioned
conditions and a total of 23 volatile flavor compounds were identified by GC-MS analysis, among which 17 werein blank
group and 21 in enzymatic group. After enzymatic hydrolysis process, the content of flavor compounds increased by
203.71%. Aldehydes were the main volatile flavor compounds, accounting for 78.50% of the whole flavor compounds.
Compounds with OAV=1 were further analyzed, including 7 in the blank group and 9 in the enzymatic group.
Isovaleraldehyde, phenylacetaldehyde, hexenal, benzaldehyde, nonanal, linalool, 2-amylfuran, limonene and naphthalene

were identified as the key flavor compounds in the enzymatic hydrolysate of Morchella esculenta. Enzymatic hydrolysis
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can promote the release of flavor compounds, thus providing data basis for the flavor utilization, the deep processing and

development of seasoning for Morchella esculenta.

Key words: Morchella esculenta; enzymatic hydrolysis process; response surface methodology; flavor; odor activity value

(OAV)

B (Morchella esculenta) TR ifE I, XU
He, B R E AT YR g R B AR AT
P IR IO, RIS A 2200 . 220y . A4k . i
S A S P E RSy, ARG W E R 2 T B A=
Rk, Pkt PrEE™ . PR PR e AR
UL RSP 2 B S I 2R, RS2 2
. B N TARETHEORN H R, SR
AERE N, P5 P EE R MG, 2022 A4 E AT
77 hL K #1) 247780 i, A 2021 4F 91081 i34 hin 1
172%7, PRI, FERedid S hn T il ik B bk 2572k
TRV SN . GARAS, T B AN 2 B R Fh IS 5T
4=, 55 FAO/WHO 2 H W BIAR TR U 258, HHA
YRR T R 5 B v T 0F 7 % A B AR L s, DR,
FH IS G A RS GAN T AF A, Al R SRR
A%, PEE R P AR

B B R A 7 SRR PRI ) P8 ST R A, (ELE
Jin Ak AR, BRI EIERR . USRI ARG R A
XE LAY FE 5353 fi AN, UK B IS 76 4, F1E
AN BFTHA o T EEAEA AR AT AR R R A AL [a) i,
A YR A T DA S S R R PR AREE 28 TEMR ) R
Sy FRAC N IR BETE P D), i h e 2
SR R AL ST, B EARAG G 7 i2%, Iliz FH - XUk )
JERAHEHL, SRy FER VA TT & R AR S o

H AT, &8 AR H A Y fe B AR 3 -
PR BORFF ST, (EL2E i oA A 5T 35 B2 A2 T AR T TR
WAL e . N T AR . ARG TE A IR T m U,
FEARBGEAE AW, 7= i B—, AR Z SR IN TR
I ity TSR B DAL e 5 2 1 B A2 R, MR B,
ELAT U= I i 71 o BRI, ARSI LAE R B
XF5, SR FH A= W B AR, At PP DR 38 S8 R ) 7 TG
TR A 125, A3 o i e 5 = i s XUk
JEREI, A I W2 o R XU VR k) ) & FRE A AR
S
1 MRS E®
1.1 RS EE

SRR UG i (LA ) EPRTTEEEK
AT KA BRI F ;s P ER IR (100 U/mg) . &2
GHE (120 U/mg) . KUBRE (20 U/mg) . AJK
(10 U/mg) . HEEMEF(300 U/mg) IR
MR A RS w); O . AT EhiR b
afi, PN AR T (EERD A BRAF .

TG-1850 &.0> ML WU )1 & BHY &8 4 BR 2 A ;
FA2004 BB F RV _LIGsE T RS BR A
A HH-4 fE{R K S8 BB E A BR2A Fl; YL-
BS22 MyEHL ) AR RIS RE R D i A A RN F

FE20K pH I #eih-FLHI 23R F BRA 75 LC-
MS-M2 W 1 dkdy il I RIBPT AR A BR
N 7890A/5975C ARG RG-S SE[E Agilent
2\ 7l ; DVB/CAR/PDMS 50/30 um 2 B3k 56 [
Supelco 2y H] o

1.2 XWFEE

1.2.1 FEREEEE R g R AU S
of 60 Hifii, IRS), B HALEMRAFE T 4 °C vKFA, 17 .
B 2 g F BB T 150 mL H %€ = A, B Lk
1:20(g/mL) N A Zliig /K, SR AN AN ER R 1A W AT
pH 1, IIAGE L8R B AE— 2 T B 2 B TR],
i 52 S 100 °C Wh 7K KHif 10 min, 7K HI %2
251, 8000 r/min 5.0 10 min, B & WAS 2 2F JH B
T o

1.2.2 EHEBAOTHLE FREE 1 PREAFARIE
AR EE R pHL, AEAH [R fif &2 19 2544 T il 2.5 h,
KW B H WL, LK AR S ERR, THe A
5 T e AR B I

® 1 AFIE AT

Table 1 Condition for hydrolysis of different proteases

it F 2 BHRRAE(C)  pH  JMBGHE(U/g)  BEfEESE] (h)
PR R 40 7.5 5000 2.5
HEEAE 45 7.0 5000 25
PN\ R 50 7.0 5000 2.5
AR TR 1 il 50 75 5000 2.5
4 TR 50 7.0 5000 25

1.2.3 AR EHBURAER ARG, X . i
fift pH . WA |« TREA ST (] PO PR 3R A 7 R R 3R 5
5, LIRS AR PR R .

Ve AR A, P87 pH7.5. 185 50 °C . Bt
AFE] 2.5 h iS4, IR Nl (100, 1000, 2000,
3000. 4000, 5000 U/g) XS FBRUB 7K A BE 52 il ; 158
WA 55 B, ZE BRI 4000 U/g., #JE 50 °C. i
fEEsta] 2.5 h 2514, BF9E pH(4.5. 5.5, 6.5, 7.5,
8.5 ) X 2 - BRUR 7K it FBE 114 S i 5 3 BSUEReA-E 2R K4 1, 9]
5 pH 6.5 Jinf& 4000 U/g. BERESTE] 2.5 h By 854k
T, W3R (30, 40, 50, 60, 70 °C)XTEAHEEH K
S R 1A 5 ) 5 R U AR R U, RS pHL 6.5, TR
40 °C. Jnff & 4000 U/g, WFFEmEfRESEI (1, 1.5, 2.
2.5, 3 h)XF=F By 7K A B 2
1.2.4 WaNERES  AEEAPRI R SCE R ILaE L, [ 2R
fE a2 h, LUInES . pH. R EEAE D A 28 &, AR
Box-Behnken H.02H -G 30TT = R 2 = 7K AW WY AT
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Table 2 Factors and levers design of response
surface experiment

K%
K — -
A: finfiit (U/g) B: pH C: il E(C)
-1 3000 5.5 30
0 4000 6.5 40
1 5000 7.5 50

1.2.5 KA 2 10 A AU & B s >R
GB 5009.235-20164 & M & E it & h a3t
P 2 R e YU v B R e v A T s AR
MZERFH GB 5009.5-2016 & 22 & E FARME £
HR R BT A E DT PILIC e U e s AR R =R
IKfEE (DH):

DH(%) = ﬁ%ﬁ‘ﬁ?ﬁé‘%
1.2.6  FEJAE XA o il <&
1.2.6.1 Ti&ss-FEAHAFEIGRAT S EE S W
Jrd, B S mL R AT SRR ST 20 mL 8 RS 5L
A 5 pL RS EESA 100 me/L /Y 2-2EIEAE R
PR, FER DUSR I PR 3, T 60 °C w4 J1Hdt:
5 _EInFCEAT 20 min, FHFREBCEL THZS B 30 min
& BFEBERE A GC JERE, #HT 5 min.
1.2.6.2 s it DB-5SMS AJCBAIEH
(30 mx0.25 mm, 0.25 pum); REFEF T, 35 °C 1%
¥ 5 min, L) 3 °C/min F} & 180 °C f£FF 2 min, -1
5 C/min 7+ & 250 °C, £ FF 2 min; #EAE O R B,
250 C; ANorimEre, MR E A (aifE =
99.999%), Yiti: 1.0 mL/min,
1.2.6.3 JFig 4 B 71y sU% EBL BT RE R
70 eV; AR IR 280 °C; B TFURIEEE 230 °C; DUk
FREEE 150 °C; BTEFIHVEF 35~450 m/z.
1.2.6.4 EMFE &4 FIH Flavour 2.0 F
NIST 08 it e, 45 A hnitEd) BTk B Bt a1 7 e 43
Mo FHPIPRY) 2-2F BT KR 4334 7208 2, 2
RN

Ax XM, g

RC(pg/L) = ————
He Ag iy X Vi,

K H: RC N HAR¥ B9 A X & &, pg/L; A, I
Ay 53R BRI 2-SERE ISR My A 2-
SERER BT, ngs V g AR AT, L.
1.2.7 FRWEHMEITE =% Erten 55U 19715,
OAV il b Hofk P s LA AR /K sl HA A T h AN A 1)
ARSI BE T . ARYE =T OAV (H:
OAV = %

2

o C, MHEAFER ARG Y &, me/kg; Z,
R HAAS PRI AR B E, mg/kg o
1.3 HELE

1] Excel 4 7S5 HAE 53 BT, 10I8 45 R ISP 14
{HEbREZEROR . SR SPSS 25.0 S Fdm ity
ZES AT AN VRS IG, P<0.05 FRn22 57 135, Design-
Expert8.0 % {4 #4177 Wi N7 17 a8 98 1% 1 K 43 #r .
Origin 9.0 #4723 K
2 BERSHI
2.1 REEAEHIE

SR AN [R5 1 ) 5 JLE DRORy DR A 7 il A, 2 1 o
TR A 2 2] TR R 3 1) — S B S F R AR, PRIk, LAOK
i EVE PR FE bR . H A 1 T, KA HE T SR X
WR AR > 52 6 25 > v P2 > 2 R >
JIEE P, 2525 PN H R BAT 35 125 57 (P<0.05) .
SRR AT SRR — MR, AR B DI
AT, SEGE K RE AT, 45 R 5 220
SEEUS) B PP TRl T A B L XU R P T 1 7K i R e
—2

ISR (%)
8 [\l

TR P il
Bl 1 AR BT A AR Y s
Fig.1 Effect of different proteases on the degree of hydrolysis
T ARl RN B 25 57 (P<0.05), 18] 2~ 5 [

22 BEREERSH
2.2.1 BRI RIS AR 2 TN, KR
BRSPS PR 1Bt oy S S wb s P SL iy < I e o A2 )

36
34+
32+ b
30+ d/
28 +
26
24+
22
20

IKFESE (%)

[X3)

18 - - - : -
0 1000 2000 3000 4000 5000
S (U/g)

L2 e X K S 1) 5
Fig.2 Effect of enzyme addition amount on the degree
of hydrolysis
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A, SNk R 4000 U/g B, ZK SRS A 38
(P>0.05). T RESERE INAGEE I, TS5 42 fin
Rz [N TSR, S EOK RS DR, (T
fitg FLAT 1, HBR SR NSRS G, MR
W 5EAER, KBRS IS B 3500 IRl 25 FE gAY
ZBE AR, 5% 4000 U/g i iAotk Ahoes .

2.2.2 pH XJ/KMRFEERYFEI  JCERSHEHIFIXT pH 35
FHUER, & RENE B2 IR i 43 0% M 3k A 5 R W 19 i
pH i = B G S B AR W 14 25 TR A 42, M 1t % 4
B AR, &l 3 Fow, BEZE pH IS, 7K
i BE 22 JE BN S FEAIR Y a3, 78 pH6.5 B3R B ik
KA, H 5 H A 2H B W 2425 5 (P<0.05) . pH
TR AR, S AR S IS i FBIRES, R i
4546, BRI, YERE pH6.5 A AL O /5

a

nf \
o i

4.0 45 50 55 6.0 65 7.0 7.5 8.0 85 9.0
pH

3 B pH XA 520
Fig.3 Effect of enzymolysis pH on the degree of hydrolysis

2.2.3 {REXKMEERSET  AnEl 4 PR, IEEEXTE
FYSZIAR R, WY B i T S B4 E— 2 iR
BEJE R, B TRLRE RN, MO B R SR T O,
YRLBEHEAT 50 °C i, ZK AR B IR R A I i R i R
e XEFE AT EAG R, B AR IS B+
FifE T i T il T R S5, A v PRI B X il A T T
AYEH, 53R T B AR ASTE, 2 FEEE BRI,
MK FBBE ST 40 °C F1 50 °C AEA B2
F(P>0.05), N7y 258, B8 40 °C MLy
mE A

36 ¢
34t : a
np b .\c
:\330—
= 28}
=261
Xt d
2t
20f
18

3IO 4I0 SIO 6I0 7I0
I (°C)
P4 AR X 7K At A )
Fig.4 Effect of enzymolysis temperature on the degree
of hydrolysis

2.2.4 PEHERITECK AL RORZIR AniE 5 PR, BERE
TREESAFE T[] RO BE N, A i B S B s A e T2tk
A, BRI 2 b KRR YA B S
(P>0.05) o IXJEN RIS FIBERT, IR FE AL, 1t
fipp S AP, ISt V2 T PN (B I 34 K5 T it s
(] A A SE I, A T RS A, A L IR AT, P
B TR, S350, 7 a0 SRER A2 X i S s ™
AETEAPERER NS, DRI, B 2 h AR el B TE]

36 -
351
341 a
33t V
Nt .

31F i/

30}
29t
28

a
a

IKIREE (%)

1.0 15 2.0 25 3.0
] (h)

P 'S i fige A TRD X 7K Ak B2 1 52l
Fig.5 Effect of enzymolysis time on the degree of hydrolysis

23 MMEAERIELER

N FH Design-Expert8.0 FK XT38 3 10w 45 R 3
AT, A2 A EE R AN : Y=33.37+1.01A+
0.30B+1.36C+0.37AB—0.31AC—0.048BC—0.020A>—
1.89B>—1.22C2,

XA RN IEAT I 255087, B3 4 T 000 7 (B AR 75
f P<0.01, I W UK, i =25 A0 I FOI 052 22 K T
0.05, i HH 455 780 J¢ $81301 AN fnd 25, 7K £t )3 e 58 51 8
R*=0.991, & IEP5E 22 R*=0.978, Ui it 4e A5 7Y
5 SR LG BRI R AR RR A A Sz enia Ji
EHSHARMXR, — IR (C) . Infga (A) X}
IK i BLAT B 35 (P<0.01) §401), pH(B) B 3%
(P<0.05) 5 M); . YRIGULEE (C?) il pH(B?) X 7K fif

3 MRS AR

Table 3 Design and results of response surface

K5 A I B: pH C: iR Y: KR (%)
1 0 0 0 33.42+0.21
2 -1 0 1 32.72+0.17
3 -1 0 -1 29.72+0.39
4 0 0 33.30+0.16
5 0 -1 1 31.60+0.17
6 0 1 -1 29.01+0.28
7 -1 1 0 30.34+0.48
8 1 0 1 33.92+0.22
9 -1 -1 0 30.38+0.20
10 1 -1 0 31.84+0.00
11 1 0 -1 32.16+£0.22
12 0 0 0 33.64+0.15
13 0 0 0 33.29+0.23
14 1 1 0 33.28+0.76
15 0 0 0 33.21+0.18
16 0 -1 -1 28.43+0.67
17 0 1 1 31.99+0.26
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Table 4 Variance analysis of response surface
regression model

FERIE FOTRL ARE % FEH  PE BEHK
e 47.21 9 525 81.77 <0.0001  **
A 8.08 1 8.08 125.94 <0.0001  **
B 0.70 1 0.70 10.94  0.0130 *
C 14.88 1 14.88 2319 <0.0001  **
AB 0.55 1 0.55 8.54  0.0223 *
AC 0.38 1 0.38 599  0.0443 *
BC  9.025E-003 1  9.025E-003 0.14 0.7187
A? 1.642E-003 1 1.642E-003 0.026 0.8774
B’ 15.08 1 15.08 23499 <0.0001  **
c 6.29 1 6.29 98.04 <0.0001  **
B2 0.45 7 0.064
PRiPu 0.34 3 0.11 4 0.1069
AR 0.11 4 0.028

ait 47.66 16
HE: *FR 3 (P<0.05); ** Tl 3% (P<0.01) o

BERZ WA .25 (P<0.01); TEAZ H AR, AB Fil AC
I A XK i B AT 55200 (P<0.05) 5 A TR ER
KPR RE ) 2 e 2B AT O, T AR XK A RE 5
W RS/ NV Ay = PSP > I i ee>pH

TEIE] 6 HHi Ll A, i 17 i TR RN, S5 2
TG, 2RI A 2SR 0y 38 0 A s, 45
e SOBHE T BT, WA B AR FRSs . A LUE 822 H.
i BC &5 s & ARIT e, SEHIRJE A pH Z [H]AY3E 5.
YERIAS B3, XA R 53 4 ik —34.

IKIRIE (%)

7.0
6.5

3055 0 m®

6 WSS AR T £k A

Fig.6 Graph of response surface interaction

2.4 1RBUIIIE

PrIRl % i 4% R 28 2 8] 19 38 H AR, 28 Design-
Expert ZAF3E 75007, 0 T B HEmfe 1 2555020
g 5000 U/g, pH6.67, IREE 44.28 °C, 7E I e K
PRS0 T KRS R 34.64% ., FRAEHEEI TR I 45 &
SRR T A ERAE, BUIMEG 3 5000 U/g, & BE 44 C,
pH6.7 FYEAF F KM 2 b PEA TR IS UG IE, P75 7K A
SR 34.11%+0.20%, SAAI TR 25 S 42230, HAT R4
FAFELE-1E, 22 BHIZM N TSR ST S B PR R T. 224
Al fTo
2.5 ERAERIEERTEE A XK R

P8 mi 17 TS B O T2 N 5000 Ul/g, TRUEE
44 °C, pH 6.7 /Kf# 2 h Ji BRI UEA T3 At XUk
Yy e, [l Bk R4 748 s CRP AR i, A4 pH,
44 °C JK# 2 h) . MELEHRINFE 5. K 7 Firs.

2 B R 4 S A A ARSI Y 23 R Ak
KURP T, 25 A2 17 B, o pess 6 B, S22 7 Fb .
BRI 2 B 23R8 2 B, S ECN 331.02 pg/L; B
ZH 21 i, GLFRIEEDS 7 B, BE2S 1 Rl R3S 10 Al R
21 P RIS 2 b, BVEEC 1005.35 pg/L. i
JE RS EIINT 203.71%, HoP IEC & EMA T
[, 3-2, K-2-FH -1, 3- 00 s FT 32745 -2 - 1) A A4 100
B, FLAXUSR B 5T 5t I i, AR il 53 L
TSR T, ISR b PR T A VA e T2 B A P XU
Y.

TESS M ot F= 2R T B B Wi R i) A AL R 2
FLPR A B A SN, RERE P~ AL 18 B FIAESR Bk, iXJefk
B BERAR, X B AR TTiRk AR R A5
ZH FIHfH A LH B IS A A ) 5 18 430 o 3 XU T 1
85.67%. 78.50%, J& 7t ey M UK A 5T, 33K 5151
PRAGED) F g A T A S ERIE X2 U B 45 A T XUk 4 o
SN 25 SUAH [R], JREESSY) BTAE X & & o s, 7
37.95%~82.25% Z [8] . W& 7 W G0, 283k i it 5
M2 or & & R UE B, i 283.57 pg/L F i 5]
789.18 ng/L, 3855 T 178.30%, Ui 2 - 1 2 Wit i
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Table 5 Comparison of volatile flavor components of
Morchella esculenta before and after enzymatic hydrolysis

e (st CAST  ZSHMA(ng/L) B (ug/L)
SR 590-86-3  99.19+20.92 429.29+43.15
IEC 66-25-1  86.51£17.53  69.83+10.10
o< 100-52-7  6.57+0.77 46.65+3.97
(22 K 122-78-1  86.17+11.75 215.62+49.02
T 124-19-6  2.96+0.74 10.91+0.85
2-TH2-FIHEEE 13019-16-4  2.17+0.51 12.20+4.10
EIRN S 21834-92-4 - 4.68+0.39
fiEs Ty 78-70-6 - 116.04+£2.54
FrigEls 138-86-3  3.140.72 3.67£0.01
p-AEAEE 535-77-3 - 6.84+2.75
2-CHEEXMZHIZR 1758-88-9 - 4.91+1.97
g R 95-93-2 2.18+0.08 7.1542.07
YR 488-23-3  3.21%0.12 9.7142.58
B 91-20-3 3.05+0.93 9.8742.24
Jads -
5-FH LB 874-35-1 - 3.45+0.33
2,4 HIFE ]
(1-FR L7 )3 4706-89-2 - 1.08+0.09
4-FP LB 824-22-6  0.75+1.06 6.11£0.39
1-23-2,4- "R 874419 2.26+0.40 8.31+1.75
3-Z5k-2-F -
I 61142-36-7  2.7240.10 -
. 2-TF-fifi 821-55-6  3.46:1.02 4.11£0.39
i N _
3-FH-2- 1669-44-9  0.88:+0.30 -
s DO BUTHERER 719-222 1.8120.79 3.77£1.53
/J\‘ﬂ:ji‘ N
2- [ FHEIK G 3777-69-3  23.99£2.78  31.15+1.73
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Fig.7 Contents of volatile flavor components of Morchella
esculenta before and after enzymatic hydrolysis

i F U R TSR, Horp S i
K F] 429.29 ng/L, i EEEA KUY T 42.70%, B
TIN5 SO WIS AS [R] S R 2R B, S e (3-H 3L T
Ji8) FEABZRE N S B R m XRS5 , BB 5%
P S PR R E XU ) o . A S5 21955502 (g poE
SEGEIRANE], FEPU)I] L . E AR = AL IX LT TE
BEZAE Y, A=A B PG R IE O R, Xl
RESRAR I 7 ik L SRIRET A AR SEE RS . A,
AN [FIHR ORI E B A Sl 22 52 P2, iR e R )
SR FH T 55 - 8] AH SR A8 BRORNIZ 501 5 Bh JXUBR 2% 2 A
a7, B PAEARE RN A AR ARSI 20 XU AL B 4 (B R

JFEAHR2ZER.

B BRI S 1 R G, 25 0 oY)
JoA Hh, T O ARSI N, & 528 116.04 ng/L,
i B KR R Y 11.54%, HoAT e R M fad B2 N
T FTRE TR DA R f sl IR A e R B, i B
U AT 5 SR, FAAE T R B0 FH R T R Dy i
B 127 M -3-1%, fEE R AS 40 R R Th 4
A, AR S AT ER T AT RIS R —3 . TT R
SEFECY 1-25 -3 - B A A B 2IS i RRUE PREER 22, e
T B R TR T T

SRS W) R o T R A R P R S R 2 Ak G
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RXRAG TTRE . ARSI SR, b S A
Fifg i R P8R = R R R B, o A XU T 19
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PS4 I3 R BE P S 5 PR 4Rl P A A 2 e P2 3 it
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MR B S AT e v, T A IR RS AR
2.6 XBEELMESHS S
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Table 6 OAYV of volatile flavor compounds of Morchella
esculenta before and after enzymatic hydrolysis
B A R
(ng/kg) OAVIH OAVIH
1 S 04PY 24798 1073.23 ZFE. BAF. HED

Fe e SRAEAE

2 ECHE 452 1922 1552 ﬁg@ A %ﬁ?@z‘sl
3 FIPEE 3509 188 1333 ALY

4 KB 40PY 2154 5391 TEFT, BRI
5 T 1LO°T 296 1091 BRIV . HHAGEREY
6  JrfEEE 611 - 19.34 WA BORAREY
7 FEigls 1009 314 3.67 Frigay <

8 S 62 051 165 R AL R

9 2-T-fif 52 069 0.82 TR

10 3-3FM-2-f 140%%  0.01 - -
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