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Abstract: In order to determine the suitable cooking time of Morchella soup, the sensory indexes, volatile flavor substances
and amino acids of Morchella soup boiled for 20, 40, 60 and 120 min were quantitatively analyzed. The results show that
the color, smell and taste of Morchella soup were the best and the score was the highest when boiled for 40 min, and the
score was significantly higher than that of other cooking time (P<0.05). A total of 49 volatile flavor compounds were
detected in the cooking process. 22, 35, 31 and 27 kinds were identified in the Morchella soup cooked for 20, 40, 60 and
120 min respectively. The total quality of aldehydes, acids, esters and hydrocarbons reached the highest at 40 min(P<0.05),
reaching 171.93, 163.5, 245.89 and 34.35 mg/g respectively. The total content of fresh amino acids was the highest at
40 min, which was 21.54 mg/g. The content of total amino acids was the highest at 70.20 mg/g after 40 min of cooking,
indicating that 40 min of cooking was the peak period of amino acid dissolution. The sensory index score, the kinds and
total volatile flavor substances, and the contents and dissolution of amino acids in morchella soup increased during 0~
40 min of cooking, decreased gradually during 40~60 min of cooking, and decreased sharply after 60 min of cooking. Too
short or too long cooking time was not conducive to the presentation of volatile flavor substances and various amino acids.
Under the experimental conditions, the cooking time of Morchella soup should be 40 min, and it was recommended not to
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exceed 60 min. This paper would provide a theoretical basis for the cooking time of Morchella soup.

Key words: cooking; mushroom soup; time; gas chromatography-mass spectrometry (GC-MS); amino acid analysis
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Table 1 Scoring criteria for sensory evaluation
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INER ey 7 TN 21~30
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B iR 0~10
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# R (40) R R EERAE IR 14~26

FRERH B RAR A 0~13
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Table 2 Sensory evaluation scores of Morchella soup at
different cooking time

A 1] (min) 20 40 60 120
o 25.69+1.32° 27.31+1.18" 22.23+1.01° 18.84+1.34
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Fig.1

GC-MS spectra of volatile flavor compounds in Morchella soup at different cooking time
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Table 3  Volatile flavor components and content of Morchella soup at different cooking time

AN TR A P T A S AR T 5

GiES o=y EA Rt CASS - - - -
20 min 40 min 60 min 120 min
AR 2-FEE(ABR) CgH,0 123-96-6 100 100 100 100
3-N T A-2- TR M- 3-8 -5-FR TSR CHgN,0, 6939-17-9 - - 0.64+0.12 -
LRI C,oH,,0, 93-92-5 0.83+0.11"  1.2140.17°  1.25+0.14° -
TRIR T Jk LI KL T C,H»0;  1000383-25-6  1.24+0.14*  0.86+0.08"  0.62£0.05°  1.17+0.16"
TR N - 1-05-2- 36— i S e CsHy0;  1000382-90-6  0.57+0.04°  0.91+0.07°  0.8620.06° -
Z-10-1PUks-1- . TR CiH300,  1000130-99-3 - 0.62:0.09 - -
TR C,4H,40, 5454-09-1 - - - 0.59+0.06
FR-6- Hr-3-HE N ik CisHysO4  1000309-34-0 - - - 1.21+0.12
=R — TR C3HyCiy0,  74339-49-4 - 4.60+0.14* - 4.67+0.16"
fifiz O C;3H,,C30,  1000299-26-1 - 0.57+0.08 - -
PP PR — 3 CL C,3H,50,P 7040-53-1 - 1.97£0.15*  1.34%0.17° -
WARIR-2-NEE+ =T C6H3,058  1000309-12-4 - 0.60£0.08*  0.78+0.09°  0.69+0.07"
3,7,11,15-PU I 3+ 75 b¢-6,10, 14- DU - 1- FF AR g C,H;,0, 125456-635 - 2.67+0.17° - 0.7120.07°
XL(1,3 LT ) FH Bt g i C3HyOsP  1000298-37-3  10.23+1.12°  16.43+1.09°  18.53+1.17° -
BT FH BTG AR 2- 57 P k- 5- R PR O R R Ci6H; 0,P  1000194-56-2  1.93£0.18"  3.62+0.39"  3.16£0.41°  4.07+0.38"
M+ CyuHy0,  1000406-16-4 - - - 0.71+0.08
T-2,3-IRIR T C;Hj30,  1000187-19-2 - - - 2.05+0.27
12,13-+ DUk — iR H ik CisHyO,  1000336-33-7  2.72+0.14°  4.2440.43"  5.58+0.47°  1.47+0.17°
AL C¢H,,0 66-25-1 - - - 1.91+0.31
T CoH,40 124-19-6 1.5540.16°  4.63£0.51°  6.64+0.76"  3.69+0.43°
_— B C,oHy0 112-31-2 14.4120.78°  14.45£0.86° 20.93+1.48"  12.32+0.53"
T C,oH,O 5392-40-5 1.79+£0.46°  1.32+0.41°  0.60+0.13° -
i3 C,,H,,0 112-54-9 - 0.85£0.27°  0.87+0.21*  0.73%0.14°
2-THE-2-Z -5 R L3, 4- R TRE C5H,,0 23739-80-2 - 5.53+0.78 - -
6,6- — HIHE-2- IR FEXIR[3.1.115EbE C; Hyg 39021-75-5 - 0.73+0.09 - -
ke CioHyo 629-92-5 0.87+0.07°  0.95+0.09°  0.73+0.08°  1.27+0.14*
e 2,4-ZHI3E-2,3-BE T H-5-F1 CoH ), 41898-89-9 - - 0.66+0.07 -
IS SE RS CioHy, 527-84-4 1.83£0.12°  2.47+0.18"  2.75+0.15°  1.08+0.09¢
W= C,Hy 544-25-2 1.19+0.17°  1.20£0.13"  1.78£0.16°  1.86+0.19°
R R C,4H,40, 544-63-8 - - 1.49+0.21 -
ik T HmR C,5H;,0, 1002-84-2 - - - 1.25+0.19
FEtHIR C,6H3,0, 57-10-3 4.19+037°  6.09+0.71°  10.46+1.12° 11.18+1.09°
5,9,13,17-PU H %£4,8,12,16-1 /\ PUJA R CyH30,  1000432-37-9 - 19.38+1.81 - -
N-"F 5~ 1H-PUmg-5-fi CgHN; 14832-58-7 - - - 0.54+0.06
Wk 3,5-FSEIR L M, 3,30,4,5,6,6 N A -3a.44 = HIFE  C o H (N, 87143-58-6  4.03x0.38"  3.82+0.41°  2.81+£0.31°  1.58+0.19°
1R L5 kg CgHgN 31694-90-3 - - 0.83=0.09 -
2- BT IRIE-N-4 5 ) Cy3H,(N,O 7436-57-9 1.05£0.07°  1.27£0.14°  1.65+0.19"  0.74%0.06°
- 6-H1 -5 Pesdis-2- CgH,,0 110-93-0 - 0.95+0.23"  2.10+0.56" -
- 6,10- - JE-5,9-— XU 2- ] C;H,0 689-67-8 3.63+0.53°  4.84+0.86"  8.33x1.35*  3.60+0.51°
, 24— 1B C,Hy,0 77657-78-4 - - - 0.71+0.14
=S TR,
S-2-b -1 C,H,,0 69064-37-5  0.70£0.13°  1.08+0.25*  1.61+0.28"  1.08+0.27°
Ak 1B R CgH| N, 7438-05-3  4.49£0.53"  0.86+0.12°  0.78+0.11° -
2B IE-1,33- = HER O CoH 7N, 90073-44-2  2.34+0.27 - - -
K 1,2-FEZE K C,oH,0 2404-44-6 1.58£0.14°  2.99£0.21"  3.33£0.23*  1.95+0.18°
WA IR C,5H,,0 142792-93-6 - - 0.79+0.08 -
Sk 1,1- 8 AR-3- 5- DU S e C,H 058 13031-76-0  6.78+0.61°  4.13£0.43°  3.76+0.43°  5.06+0.49"

1,2-458 2% WERE-6-+ i dk-2,2- — 4R ML)

C16H32OSS

15224-88-1 6.35+0.73° 8.96+0.87" - -




- 294 - 5 Tk BB 2022 4 8 f
&gk3
5 . N [R) A O (R 0 S A X
[ES 4 4 N yE CASE - , : _
20 min 40 min 60 min 120 min

2,3- RN 2. 1 Thept-2-45-5- L1 55-4,7,7-=HH:  CgH N, 1000221-84-7 - 2.37£0.19°  3.42+0.37° -

HAh 2 3-INmEE L T =k C,¢H;,0, 1000245-62-5 - 1.11£0.23 - -
2,6- W JE-4 2 FENLIE C,H,;(N,0 3512-82-1 - 7.16£0.74"  6.03+0.45" -

T =R ARAG Y, B R S OR B MR UR DAL

22 Fp 35 F0, 31 Fh, 27 B, i 40 min BFHE & T
Yy i i 22, P & S s a] S iyl I O i e
FEATASTEE | 2- T 3k-2- 2 3L 5-F L 00 -3, 4- AT | 6-Ff
Fe-5-PE-2-1 . LR IR  BRIETN -1 -J5-2-5 1
—EEEElE . OB TR . 6,6- I RE-2-20%
FEXFA [3.1.1] BEke . 1-B A ¥ LE . 2,.3- /&L= XF
[2.2.1]hept-2-45-5- 2. JF53E-4,7,7- = 3£ | 1,2-58A¢1E
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2,6- " JL-4 S FLNLBE, X 1] B85 ¥ & TE Y T i 4
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2.2.2  AIE]Z A )X =5 e B 1 4 2 P XU 8L o3 B
EIsEm ASEE B REE R T 00 AN [F] RS
Py AN K 2 PR, BES | RIS | eSS ARy
JBT 1) e i A S ] B TR 9 2 S in = vsk 2D, 5
40 min B ) 2578 T At H B9 A (P<0.05), 43513k
% 171.93, 163.52, 245.89 Fll 34.35 mg/g; B25 | Tili
FSFF IS T ) BB [ A TR s TR ) 2 Se kg
JEUE/L, 7 60 min A 3 R T At H AT, 4353
53] 9.10, 58.93 Fll 23.28 mg/g; 1M & A . FEi
IS IO 1) g B 7 il s ] A A T L, A
20 min B9 {2 288 T HAR A fI B ] (P<0.05) , 43513k
] 49.72 ., 95.59 F1 36.98 mg/g.
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Fig.2 Changes of the total mass of different substances in
Morchella soup at different cooking times

TE: A me/g 7 i A S T b A R A KU
Py it AR RS BAT B TR ZE R (P<0.05).

R, S o & e 2 R A AN IR B 2E |
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IIRRRAE T RN, A2 T 2 IR o, AT
I RR BN 5 .

2.3 FRIZEFIFEXNEREAFSHEERSERSE
HIFNE

2.3.1 AS[R) T TR] X = R v S SRR L s M
ASEN IR AR5 AR G O B2
J5t, HAFE i SR A E R TTHRC . ansk 4 BR324
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Table 4 Amino acid content of Morchella soup at different cooking time

L FL TR T , A E it (mg/g)
IR ERFHE - - - -
20 min 40 min 60 min 120 min
KA MR Asp i3 3.679+0.034° 3.852+0.029" 1.9824+0.026° 2.353+0.017¢
A HEFRGlu fif 13.353+0.176" 17.748+0.187° 9.007+0.160¢ 8.041+0.044¢
I FRThr* it 1.991£0.028* 1.834+0.026" 0.942+0.011° 1.010+0.015°
22 i Ser it 2.526+0.031° 2.625+0.030° 1.398+0.012° 1.579+0.014°
HEERGly it 1.8320.013" 1.8830.024° 1.045+0.013° 1.184+0.013°
HNARAla it 4.098+0.036° 3.952+0.028° 2.533+0.029° 2.466+0.027°
fifi & M2 Pro it 12.351+0.109° 15.118+0.135° 8.976+0.097° 7.103+0.086°
AR Val* T 2.653%0.036" 2.436+0.032° 1.150+0.014¢ 1.361+0.020¢
H i Z R Met* i 1.55240.021° 1.203+0.016° - -
LA R le* fis - 0.669+0.009° - 0.353+0.006°
SR Leu* fis 1.034+0.024° 1.503+0.041° 0.548+0.004¢ 0.886+0.011°
AN R Phe* i 1.669+0.027° 1.506+0.053% 1.104+0.010¢ 1.434+0.021°
iR Lys* i 1.928+0.029" 2.332+0.074° 1.21140.016¢ 1.246+0.018°
2 7R His Wy 0.981+0.011° 1.891+0.069° 0.752+0.008¢ 0.788+0.007°
AR Arg Wy 9.249+0.098° 9.501+0.104° 4.823+0.051¢ 5.272+0.044°
B AR Tyr AR - 0.6700.008" - 0.456+0.003"
LA Cys AR 1.588+0.025" 1.574+0.017° 1.120£0.014° 0.825+0.07¢

T N AR EE R —J A s T R Of B /INBR R = A0

il 40 min B} 24 FER AP S B 22, 27 40 min A A
17 PRI, A S IR 1 R A IR FTAY 2 1R,
SEEHMRA N R . 2R R . H &R . PTERR A
2, SR AR . e ER . Soe e . se &R
RN AR . TR . 4] IR ARG 2R, AN R A % 2L
Wi R0 e 2005 5 k] 20 min BHRGIN Y 15 Bha BLg,
AA H 57 B TR A 1 220198 5 220 60 min B A I
14 FhEFERR, AR EEEIR . s E R AN mi iR

FH 2 4 s, S [ 28 i B 1) BT A5 69 26 i i R
HH IR LU 25 BE AN K, AR SR Fe i, I 2R AR 2
IR & EIRZ, X5 Gao F5PY YT 45— 2K, 1M
BRI R VT A R e R R R B AR
EIEMR A E B 5 FLAERH] 40 min B2 mr T HAb RS
IR (P<0.05), 355 31.43%; SEFHR IR0 5 =2
i b 7E 7 i 60 min B i S i T At 2 TR)
(P<0.05), iK% 40.56%; TMiE T HREIERRAY & 2 5t
F£ 60 min B /b, K 26.28%, = JailEds i
2.3.2  AS[E] R A TR] X = TR 25 2 2 R S i 1Y
s fE 3a s, SEERR S N B R RR TR
F1A) Sk it 2 R TR P B S B s BRIRAR e
FasE, EAE M 40 min AR 25 v T HAh A i s /]
(P<0.05), 43 55KF] 21.54 F1 25.40 mg/g; £ IR
FE PR Y B 7R 40 min 3 T H At 2% 4 Bsk e
(P<0.05), Z J5 i RRAIR, froms B ik E] 21.03 me/g,
60 min [FAK T 54.43%, {H 120 min F§A 1. D
il 40 min J2E LR H A R AR

A& 3b AT 0L, B IR a | ATT E IR AR
o 2 B e e it 25 78 I s ] P E R S i s s Sk
JEHaTRAE, 7EAH] 40 min By e i 35 2 T HAh 2%

—=— REIREIER
—o— LTHIREAIENRR

20 40 60 80 100 120
A E] (min)

2 60+

20 40 60 80 100 120
AL TH] (min)
P 3 N[ ol R ] 5 B P 25 2 R e
LR IEIR
Fig.3 Changes of the total mass of flavored amino acids and
total mass of various amino acids in Morchella soup at
different cooking time
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