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Optimization of Enzymolysis of Sarcodon aspratus and Comparative
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Abstract: The process of enzymatic hydrolysis of Sarcodon aspratus and the difference in flavor before and after the process were studied. The
enzymatic hydrolysis of S. aspratus was optimized using response surface design experiments based on single-factor tests. The key free amino acids and
volatile aromatic compounds that contribute to the flavor of S. aspratus were detected and selected using an amino acid automatic analyzer and headspace
solid-phase microextraction gas chromatography mass spectrometry (HS-SPME-GC-MS) combined with the taste activity value (TAV) and odor activity
value (OAV). The results showed that the optimal conditions were as follows: a solid-liquid ratio of 1:15 (m/V), an enzymolysis time of 4.4 h, an enzyme
addition amount of 0.4%, an enzyme ratio (papain: flavor enzyme) of 1: 1, and a hydrolysis degree of 57.82%. A total of 11 free amino acids with a TAV
greater than 1 were obtained. The contents of glutamic acid and glycine increased by 14.68 and 14.45 times, respectively, after enzymolysis, and the fresh
and sweet taste was enhanced. A total of 108 volatile compounds were identified, including 55 before and 71 after enzymatic hydrolysis. Among them, 13
and 22 volatile compounds had an OAV 2> 1 before and after enzymatic hydrolysis, respectively. These included linalool, 2-octenol, 1-octene-3-ol,
guaiacol, and heptanal. Before and after enzymatic hydrolysis, the main flavor components of S. aspratus were flavors of fruits, flowers, soap, and fat, and
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it primarily had a melon-like aroma. However, 1-octene-3-ol (OAV=1726) produced after enzymatic hydrolysis enhanced the mushroom aroma. This

study provides a preliminary basis for future flavor research on S. aspratus.
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Fig.1 Single factor test results
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Table 2 Response surface design and results

o By tﬁf&" BeHAA C KA Y
BIE Ah A B%  [m/m) 1%
1 -1 0 -1 4722
2 1 0 1 40.54
3 0 1 1 41.11
4 1 -1 0 3331
5 0 0 0 58.58
6 0 -1 1 30.25
7 0 0 0 56.78
8 0 -1 1 41.36
9 0 1 1 4336
10 0 0 0 54.24
11 1 0 1 39.61
12 0 0 0 57.78
13 -1 -1 0 49.15
14 1 1 0 41.04
15 0 0 0 59.59
16 -1 1 0 40.22
17 -1 0 1 38.75

3 EIHERFES TSR R0
Table 3 Regression model analysis of variance and model
significance test
FERR FiA OWE HFE FA pld BEH
AR 126722 9.00 140.80 18.95 0.0004 **

A 55.18 1.00  55.18 743 0.0295 *
B 17.49 1.00 1749 235 0.1688
C 33.62 1.00  33.62 452 0.0710

AB 70.81 100 7081 9.53 00176  *

AC 2209 1.00 2209 297 0.1283
BC 4462 100 4462 601 00441  *
A? 20621 1.00 20621 27.75 0.0012  *
B’ 380.66 1.00 380.66 5123 0.0002  **
c? 330.95 1.00 32944 4454 00003  **
KRE 5201 700 743
WA 3531 300 1177
Wiz % 1670 400 418
R*=0.96
R?4q=0.91

dr PR THEZE (p<0.01);, *ATEE (p<0.05).
FH# 3 \I%, B p<<0.01. RN p=0.17>0.05
WATELE, FEIABRL4N R R=0.9, R’xq=091,
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Fig.3 Heat map of Sarcodon aspratus of free amino acid content before and after enzymatic hydrolysis
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R4 EERMERETEREARSE. BE ERFERTAVE
Table 4 The contents, thresholds in water, taste contribution and TVA value of free amino acids in before and after enzymolysis of

Sarcodon aspratus

- P ek BUE K/ (mg/kg) TAV 14 20k
/(mg/kg)" BT BRI BRAT  ERS
1 RITA&RE (Asp) 100.00 216.81+8.46 3 841.33+20.53" 2.17 3841  #fwk
2 HEBR (Thr) 260.00 100.63+2.38 875.25+10.46" 0.39 337 #k
3 L 5B (Ser) 150.00 14.65+1.89 1070.91£5.91™ 0.10 714 #vk
4 A28 (Glu) 30.00  4067.33£1533  63791.23+21.42" 13558 212638 #fvk
5 HAE (Gly) 130.00 806.64+6.84 1246451575 6.20 9588  #k
6 AEEL (Ala) 60.00 164.99+1.19 1427.29+3.24™ 2.75 2379 #bk
7 FILEFR (Cys) - 18.38+0.89 464.06+8.42" - - Tk
8 HEE (Val) 40.00 107.80£10.63 739.48+4.75" 2.70 1849  Fwk
9 ERE (Met) 30.00 44.99+3 .50 742.91x14.617 1.50 2476 Fwk
10 FRE (Ile) 90.00 107.72+0.99 635.39+7.69" 1.20 706 Fok
11 F R (Leu) 190.00 207.48+5.83  1795.61+17.31" 1.09 945 3wk
12 BARBL (Tyr) - 25.33+1.84 679.26+5.54"™ - - Eok
13 FAEFR (Phe) 90.00 106.71£4.37  1057.24+14.88™ 1.19 1175 &%
14 LHRBL (His) - 171.50+£1.43 2249.57+7.96™ - - Fek
15 BEBL (Lys) 20.00 76.33+8.34 1 070.47+£6.56™ 3.82 5352 Ewk
16 AR (Arg) 50.00 1 276.98+6.80 - 2554 Hvk
17 M £ER (Pro) - 121.80+1.77 381.54+3.51" - - Tk
HHRABRET 6249.5 94 581.0 - - -

Sk SR ER 4284.14 67 632.56 13775 216479 #fvk

TR AR 1086.91 17 114.94 944 15572 Hk

DETE$ i 676.36 6720.36 115 12503 vk

VED CORAEME]; **p<0.01 vs BEAEAT.

2.5 WEAREJE R AR R M R A R A

il

R JE PR R TELE . P TR PR T
WA 4 FR, R PR S A LG PR R B B T

FHE 5 A1 5 nl g0, Hsw IR S 103
P, BEMEAT SS PP, BEASE 71 R0 AP 20 AV,
14 M. 8 MR, 6 MR, 18 M. 6 My, 7 Mk
L 23 MR | AT EYI. BRSSP EE
Wz, CIRE. B, BRI SGYIInEE, BEEIEE
BV S EININT 12 467.1 ng/ke, HLEEMERTHIIN T
5.35f%; BH. My BRI G S ETHIRZ .
5K K R R B S A TR A B, AR
WA BN R R SBR[ RHARRE N T IR
FERMERSY . SRS TR 7 e DA T LA S5 2 AT

R OFE RME AT 38N (44 RO, LA B Rt Al
PRI ZA I B P PR 2 (8 19
FRFD 18 PO SR, XL R A PFEA—E R
HTEARS M, IRRZRAS RSN, Fal
FRidt— D R S R RE P~ AR TR R R
. AEBERGRTERIE MG N T ™, T HL,
i FIER AR AR, W, RS S RME
RS, HCn iR mT A s A A R 22 S
Ol . 2- T IR e X -2-F 36-2- TR IR
R A AN S E R IR 3-H3E-2- TR, 3kt
FR R S5 AR T s T o 1 ) S At T A I B S
U200 AT AU B AR A R AR T 2- T I3 |
SR 2- - 2- T HA I L 3-FRAE-2- T R 3 A
FUE R R LAY, R, TE B AR o 18 0
X PG YAk A T HE 3 W A A2
liFESIrqiy
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Table 5 Comparison of volatile components of Sarcodon aspratus before and after enzymatic hydrolysis

" , 2 #/(ugke)
Y5 AW 4 AR t/min CAS P Py
RS
1 LB 432 64-17-5 1169.76 -
2 2,7- =9 k-1 9.04 15250-22-3 52.13 -
3 2+ B 13.263 544-76-3 84.34 -
4 2-THFE 15.61 3913-2-8 22.38 -
5 B 17.25 78-70-6 599.72 1373.35
6 HES 18.85 98-00-0 217.69 -
7 a-FihBE 19.33 98-55-5 68.14 -
8 4-E KB 18.09 562-74-3 112.22 -
9 B2 T -1 13.72 15250-22-3 - 52.41
10 ETE 14.02 111-27-3 - 454424
11 R XK B 14.82 18409-18-2 - 16.27
12 1-¥ Hia-3-B3 15.75 3391-86-4 - 172551
13 EFEE 17.58 111-87-5 - 2300.42
14 (18,2S,3S,5R)-(+)- 425K % 17.79 27779-29-9 - 12.00
15 Yt s 17.82 106-25-2 - 16.86
16 B X2-F V-1-B% 18.33 18409-17-1 - 214.84
17 EEEE 18.95 143-08-8 - 858.13
18 P HeEz 22.49 112-53-8 - 2907.22
19 Fait A 23.06 7212-44-4 - 623.75
20 p-racot B 25.05 473-15-4 - 148.26
RES
21 2,3-T =R 5.04 431-03-8 8.35 -
22 TR TR 13.59 110-93-0 74.94 286.31
23 3,5-& —¥-2-89, (3E,5E)}-(9CI)  16.15 2216-32-2 45.93 -
24 2-+—#A 18.00 112-12-9 76.33 205.28
25 Aot A AR 21.16 689-67-8 - 176.84
26 2- T 2.68 591-78-6 - 1 789.60
27 3-9 52T B 5.03 563-80-4 - 328.51
28 331 11.57 106-68-3 - 283.20
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SRS
o . & F/(ngkg)
%5 Aoty 4 AR t/min CAS P EE——

29 Zis il 1231 111-13-7 - 95.41

30 1-3 f-3-17) 1269 4312-99-6 - 364.72

31 2,3-F —f# 13.22 585-25-1 - 901.47

32 2- 1A 14.59 821-55-6 - 1 160.09

33 3-3F Hi-2-1) 1494  1669-44-9 - 320.44

34 L e 16.43 693-54-9 - 744.90
g

35 T 15.66 64-19-7 715.68 -

36 TER 18.34 107-92-6 268.13 -

37 TE 20.99 142-62-1 316.46 -

38 EFR 23.24 124-07-2 127.24 -

39 L ALER 2345 110-44-1 21360  963.18

40 LBEAER 25.75 123-76-2 2430 -

41 AEAE B 25.86 57-10-3 - 1938.07

Iy} SRR 23.54 111-14-8 34.18 -
EES

43 ZEAE 23.38 102-76-1 43.71 -

44 2-BHERKFER-3,7-—F B -1,6-F —H-3-B585  17.40 7149-26-0 123.33 -

45 3,7-=F - 1,6-F = i-3-B5 R ER B 19.32 144-39-8 - 106.64

46 LR s 19.36 93-92-5 - 124.65

47 AR AL B 23.77 622-78-6 - 76.48

48 AR TR =T B 28.00  1000309-04-5 - 161.90
Hpak

49 B3 6.88 79-92-5 17161  710.50

50 S M 10.20 138-86-3 269.24 -

51 3-F A R-6- T F A -1- 2R T 10.42 555-10-2 54.66  548.79

52 7 st M 12.28 586-62-9 5140 10151

53 (-)-o- TR M 1647  3856-25-5 24434 -

54 P-HA 17.92 515-13-9 108.10  251.59

55 (H-FHEH 18.73 489-39-4 90.81 83.35

56 & e KARE T M 19.54  23986-74-5  105.62 -

57 y-AEAN 19.66  39029-41-9 1730 -

58 SRS M 0.77 495-61-4 76534 1609.1

59 [-ZEARH 0.18  17066-67-0  183.08  444.54

60 3,7,11- =% 3-1,3,6,10-+ —#%-29 1 0.44 502-61-4 43.90 63.51

61 BAEH K W 0.86  20307-83-9 8557  199.62

62 o-EFH 1.41 644-30-4 14140  361.07

63 2-F M 5.90 80-56-8 - 35.42

64 At 7.71 2009-00-9 - 67.48

65 ()-A7HH 10.04 644-30-4 - 48.70

66 13-4 15.11 592-48-3 - 28.84
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SRS
- . & 2/(ug/ke)
Yag i 4 A t/min CAS - .
Bk
67 Fosolb 7y 21.22 90-05-1 6.36 -
68 6-F Ml 19.60 555-66-8 - 6101.33
69 EX 22.74 108-95-2 8.44 -
70 TA® 2438 97-53-0 24.20 -
71 2.4- AT A KBy 25.59 96-76-4 48.81 62.43
72 AL FEY 2293 4940-11-8 - 470.06
Lk
73 2-(AFA)-1-FA-IHRek B 2 9.46 1002-43-3 10.23 -
74 T 9.86 110-86-1 73.80 -
75 2- LERAR R 16.61 1192-62-7 5.28 -
76 pRE S-S W 22.40 118-71-8 37.55 -
77 2- T35 Aot BR) 22.98 4940-11-8 227.14 -
78 2-F Hhek v 9.46 534-22-5 - 37431
79 2- i R H ek 10.97 3777-69-3 - 33.60
i3
80 B 7.34 66-25-1 69.92 297.84
81 BK-2- R Bt 8.46 1576-87-0 3.53 -
82 EFRE 12.43 124-13-0 23.61 218.32
83 eSS 14.66 124-19-6 78.00 915.64
84 2-F Mt 15.35 2363-89-5 9.50 68.66
85 AEREE 16.52 112-31-2 22.70 200.58
86 RTEE 16.90 100-52-7 11.77 24.84
87 R X-2-EHlk 17.09 18829-56-6 13.90 -
88 S 18.58 122-78-1 17431 485.14
89 R X 2-F Mk 18.61 3913-81-3 61.24 1026.32
90 2 4B imk 20.68 2363-88-4 14.18 -
91 FREE 391 590-86-3 - 153.57
92 2-T it 6.32 4170-30-3 - 619.49
93 B X2 A2-T Wit 7.58 497-03-0 - 45.80
94 JREE 9.83 111-71-7 - 165.11
95 NR-6- M 17.08 2277-19-2 - 78.72
96 +— 18.06 112-44-7 - 180.12
97 + =B 19.44 112-54-9 - 309.34
98 ATAR B 19.73 5392-40-5 - 159.81
99 2-+ Ml 19.97 2463-77-6 - 53.70
100 2,5- =W HK B 20.74 5779-94-2 - 16.92
101 2,4,5- = AR T Es 21.41 5779-72-6 - 1091
102 RS 24.02 124-25-4 - 2528
Bk
103 R 20.86 104-46-1 - 67.01

A CORARME); RT/min”$REG BT (min); “CAS™LE LIS 5.
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Fig.5 Kinds (a) and contents (b) of volatile flavor substances of

Sarcodon aspratus before and after enzymatic hydrolysis
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Fig.6 Flavor profile of Sarcodon aspratus before and after

enzymatic hydrolysis
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% 6 [RERBSRRRIGEL M NIRIEEY 0AV
Table 6 OAV of volatile flavor compounds of Sarcodon aspratus before and after enzymatic hydrolysis
S5 bR /ﬂqz ';?f.jiz] é\jg /(ugikg) }OAVF A
(ng/kg) Bafgnl  BaAEE Bafgnl  BAAEE

1 FAERE 25.00 599.72 137335 2399 5493 A BREA

2 1-FH-3-B5 1.00 - 1725.51 - 1725.51 B, IRE, BOLRHEELEA,
3 EFEE 800.00 - 2300.42 - 2.88 KA AR

4 EEE 5.00 - 858.13 - 171.63 BF. R

5 apEdd 1 000.00 - 2907.22 - 2.91 AT. $F2%

6 P AEE 70.00 - 623.75 - 8.91 ¥R OHM. AK

7 2-+—F# 1.67 7633 20528 4571 12292 KRR

8 Aot A AR 0.17 - 176.84 - 1040.24 b

9 B3 150.00 171.61  710.50 1.14 474 RAFEIR AR

10 ()-APA 10.00 - 48.70 - 4.87 IRAEA

11 AR A 3.00 6.36 - 2.12 - ZA Ak

12 2-TBuAekrh 2.00 5.28 - 2.64 - FAA=k

13 2-EREk0 6.00 - 33.60 - 5.60 A

14 IETE 4.50 69.92  297.84 1554 66.18 FHEA., FRF

15 EFRE 0.70 2361 21832 3373 331.89 Rels. fef. AT, FHEk
16 =S 15.00 78.00  915.64 5.20 61.04 FiHvk

17 2-F Wi 3.00 9.50 68.66 3.17 22.89 FIN. A Aok

18 E 3 3.50 11.77 24.84 3.36 7.09 RAE

19 RA-2-EHEs 0.08 13.90 - 173.75 - RERr A HA. A BINE. HINE
20 E S 0.75 17431  485.14 23241  646.85 A&

21 RR-2-RHEE 3.00 6124 102632 2041 32411 Sk g

22 S B 3.00 - 165.11 - 55.04 Rl MG, BRUK

23 +—a 12.50 - 180.12 - 14.41 fEEE AL #HE. BORLE
24 AR EE 40.00 - 159.81 - 40.00 ArAR

25 R 16.00 - 67.01 - 4.19 HEvk, BAk

Er R E,

3 L HEWTARFRA 1) EAAE S, B e e, A

PRER AR R4, KRt R B s &
KENEFR, RELNHOBHE:—, BARIF
() FAAVE FRANEL o A FE Bk i S A 8 TR I8 R
T IREFMEHE L2, RN T2 BRELL 1:15

(m/V) WJTE] 4.4 hy BELLE) ORIV IR ARERD 1:14
BN 0.4%, JKMARRE 57.82%, ZYIEEHKMRE N
56.24% 5 ERE . AVE, RIEELE 11 MR
FERI TAV KT 1, HARIMAZRE (3841), IR

(2126.38). HER (95.88). HEM (23.79). FER
e (24.76) FERR (53.52) KT 20, Wfpg @ik

DIRRA R e HIE R LA 108 B, BEfRRAT 55
Rl BEARSS 71 Fh, Hob OAV=1 BEERT 13 Fh. Bf)S
22 Fh, FESERMERTEIIA KRR, EEIR. AEEK,

318

T 1-SEH-3-1E (OAV=1726) f#BE s A2, HE
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DA R SR R AN A S B 2H 0 55
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