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Fig.1 Effects of cellulase addition on content
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Table 1 Effects of enzymatic hydrolysis on soluble sugar content of Lentinus edodes

ERNx

4% /(mg/g)

HHEH R R (GTRA) o Y F A4 Kok & & Bl 4L RN 3k
A 0.59 +0.19° 2.77 £0.22 1.11 £0.01° 4.32 +0.37
o5k 0.71 £ 0.03° 1.04 +0.03 0.76 = 0.03° 2.10 + 0.09
WA 1.85 + 0.06¢ 4.08 +0.13" 3.60 +0.19° 8.78 + 0.24°
R A5 0.22 +0.01° 0.34 +0.01° 1.75 £ 0.04" 2.94+0.15°
EE 3.37+0.11° 8.23 +0.36" 7.22 +0.21" 18.14 + 0.84°

TE: RATAREA NG PR ROR 22 57 35 (P<0.05) , T [A

®2 EWBIEFIHAAENE TAVHEN
Table 2 Effect of enzymatic hydrolysis on soluble sugar TAV of Lentinus edodes

ER-Ex B8/ (mg/g) - . TAV
A3 Rk (TRA) o Y F A4 Rk i 6 Bl 41 A
HE B 7.3 0.08 0.38 0.15 0.59
A — / / / /
WA A 3.9 0.47 1.05 0.92 2.25
A — / / / /

¢ T VAR 2 SCIR[13); — A SR 5/ B T, R R
222 XA LEA LR SRR AR E

EE MRS ), S8R T FEY B
TG A BN UIA G . BERATR = —Fh R AR

APLIR T2 A 2 A0 S22 HLIR , [R) I HL 4 R R A
IR, AT i A SRR PR A DI R A Y B T A
L AMURE A XUBRRO AR 3 AT, 5 X R A LA 4T 4
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R 4R TR AETP AL B, XA
I AE R — 0, UL B AL BEA R T 4l
AP R, HAE BRI BOR 2 T4 46 R
Pt e DX e A SR

S5 B, N 4 AT LA H | B 3R 6 vk 2 51
Mk K, B F P fE—— TAVERF 1 AL
R H A& FA HLER IS TAV (/0T 1, B bR &
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Table 3 Effects of enzymatic hydrolysis on organic acid content of Lentinus edodes

4 %/(mglg)

H AR N
FIHEGR R (TR o Y F Ao W ok & € By 41 gz i
A7 AR 0.06 + 0.00* 0.06 + 0.00° 0.06 +0.01* 0.07 + 0.00°*
B A R 0.08 + 0.00 0.08 + 0.00° 0.08 + 0.00° 0.08 + 0.00*
FR®R 0.72 £ 0.02" 0.74 £ 0.01" 0.85 +0.01* 0.85 + 0.04*
3% 20 B 6.93 £ 0.09¢ 7.65 £ 0.06" 7.47 +0.03¢ 7.88 +0.09°
%3 0.08 + 0.00* 0.07 £0.01* 0.08 + 0.00° 0.08 + 0.00°
% LR 0.19 + 0.00* 0.19 + 0.00° 0.19 + 0.00° 0.21 +0.01°
b 2 8.06 £0.12¢ 8.79 £ 0.08" 8.73 £0.02" 9.17 £0.12¢
x4 BERIBTHEEIE TAV B0
Table 4 Effect of enzymatic hydrolysis on organic acid TAV of Lentinus edodes
TAV
H HUER B/ (mg/g) - - - -
A9 ok R R  ReARaBiEMR 60k RR
AFARBR 0.5 0.12 0.12 0.12 0.14
B AR — / / / /
FRE 5.0 0.14 0.15 0.17 0.17
PRI IR 1.1 6.30 6.95 6.79 7.16
Y. 0.1 0.80 0.70 0.80 0.80

TE A LR B 275 SCHR[13]

223 FHEXA LSRR IR S W HR
5 0l A SRR I 4 Fh SR R AT R , 43
5B R (5-AMP) 5" - g 1 iR (5'-CMP) 5"
WU IR (5-IMP) Fl 5°—JR1F IR (5°-UMP), 5%} it
ML, 2T 4 25 g AL A XURER 2R 4 45 A TR
FHEM S -EATR AR T ZE S MR G 5 -
CMP G HMS-ZHmRamREs TFTHE3H
(P<0.05) ., FZAFIR AT LASE £ W0 vk | o8 £ ik
SEREIIF R/ N SR iUEaN SN 6= S sY N S
Vb, 5 T A X s A R )RR — o A i
A, X Tt i Y0 8 A A R 1) 2 T AT — 8 TR L 7
AP AR A F] 5°- 5 iR (5°-GMP) , 1] A

2 DR Ay T 2 T 300 1) %) A0 i 55 1y S B 2
M6 il LA H, BARIEF TS R T
5—-IMP {HH 5 A 5 /0, OGS Je: 75 il A b B
FOTAV B/NTF 1, BRI 2 92 U ) BTk AS KL (AR
Al Z2 A0 L 5 i g S 1R 14 B ) 8 S5 AR
2.2.4 AR A U B A AR A g ik
T AT, A IS IR () i R AR A 16
PR LR . AR S R I T LUK U 5 Z 3 R o Ky
42 Hop Bk IR AR KA AR A &
2, ARG R N AR H R 2 &R,
EEREREERAR FrudAR SAR HER
G NG R AR N 2R, JC WA 45 2 R | R =
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Table 5 Effects of enzymatic hydrolysis on flavor nucleotide content of Lentinus edodes

S &3/ ugle)

A3 Rk (ST oF Y B2 Kook & & B 40 R 0
5-CMP 536.68 + 7.62" 547.74 + 30.42" 544.88 + 8.31" 573.62 + 25.93¢
5-AMP 6.68 +0.27° 5.69 + 0.05° 5.55 +0.08" 574 +0.17°
5-GMP — — — —
5-IMP 12.57 £ 0.61° 10.53 + 0.87° 11.14 £ 0.56° 11.09 + 0.05°
5-UMP 17.59 + 0.46° 18.60 + 0.13° 16.32 + 0.85 20.65 + 3.48"

S 2 573.51 + 7.46" 582.55 +29.69 577.89 + 8.37" 611.1 = 24.49°

*6 MHBIBHEWRZER TAV HHIN
Table 6 Effect of enzymatic hydrolysis on flavor nucleotide TAV of Lentinus edodes

A% R B4/ (mg/g) - Ty

A4k 4 Rk (TR o ¢ F i Rk B & B 2R Ao
5-CMP — / / / /
5-AMP — / / / /
5-IMP 1.8 0.007 0.006 0.006 0.006
5-UMP — / / / /

T A% R B 2 7% SCHR[13],

7 P e e o Ak L T I8 5 o A v A5
GUIETR ) B R, 2 2 R AL v 5 i g A O
REmMaRESFHIRBHETEEER ,H
R 8 W LUF t , 4F 4 3 i fige b 35 14 hn 1 ok
BRRITC MR 3 Fp R SR 1 & . KUK B Al 2
FE A Bl 20 v e 5 s SR R S i A 15 P R e &
i (R ez R ) ¥ 10 3 15 m (P<0.05) , e il & 75 &
A TG e b U B A L R L T 2.22 mg/g M
# 3.53 mg/g, X AT AE A T LR 4 B MR A 4k A
BE TP 21 4 R A /N TR, BROR T A 4 4 i
BE (R 45 1, 575 200 B P B9 R G - B s T XL
A 0 L B K G 8 BT A T S A R R
FINGY K PRLIRG 7 52 6 Tt T v I 25 2 B TR
W EN M 2, AL, d 3R 8 AT, & A Ak
L 7 70 45 28 S MR U SE TR L B . feE R R L R
() St 320.15 /g BN 544.73 pe/g, Bt R 2
KR A0 M 709.68 wg/g N E] 1 023.86 welg,
TR IR 1Y B 776.02 wg/g 3 HNF] 1 378.95
wele, JOWR R LR A0 E E H 422.06 wg/g 18 N3
575.04 pgfg, Hor i bR o 58 R A 2 R 2 T 2 1) fif
WA LR, I H S S -IMP A P EAE T, RE S B

B KBRS A SR R A SR 2 UM 1
JBT, AT LA T 7 s R 1 e R R e R 24 5
2 R D T M S SE TR, R A S TR — A AL L A
T A MR BRI R R R A S R RS R
TR SR EURS 202 1T LA 5 i ) SRR
TE 14 9108 W TR R A 194 ] B T L R A 5 el g il
fiff S v R SRR i B I AN RE VRN ik E A
Tt i A8 ) IR R i DRI A TR A S 0 TR A R A —
SE T IR B S R TS J2 Ui B A B, AUk
B Bt L P9 RN AU B Y E R T
LR 5 R IR A Sy 1R

M2 9 W LUE IS, & o h A& R R A
FETR 10 b AN A 2 21 O A B, (B4 28K
FEMR 1Y TAV {EYE I, BD STk Z1g i, Horp, fefpk &1
SRR TP A SR TAV (R TF 1, S 52 m Sk (1 1)
TR, H 2k KK R A S A 2R X
PRI TTOR IR, HEEERNE LS 24
it Ak B I X A SRR ) DT RO fe sk L 3 A1 Tl A Ak PR
e 5 AR 114 22 T R S R 1) 40 R R, ko
WA SRR 114 BT R AT 30
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Table 7 Effects of enzymatic hydrolysis on free amino acid content of Lentinus edodes
sk ‘ &%/ (nelg)
FIG Rk (TR oF Y B2 Kok & & B 4L gz i
R AR 18.09 £ 0.25" 23.82+0.13" 48.04 + 0.40° 47.78 £0.11*
EE 43 529.26 + 1.32" 542.95 £ 1.03" 681.82 + 0.57* 689.3 + 4.64*
BRI 302.06 £ 1.20" 303.27 £ 0.44" 506.97 + 0.60* 496.95 + 7.55°
H R 41.16 £ 0.09" 46.82 £2.23 90.51 +0.12¢ 90.64 + 0.36*
RN 122.65 + 1.87" 130.77 + 1.83" 196.28 + 0.08* 196.98 + 0.23¢
e R BR 16.53 +3.16" 16.57 + 1.85¢ 21.33 +0.09* 27.72 +0.03"
2 R 154.6 = 2.66" 170.29 £ 0.99" 258.36 £ 0.19* 267.09 £ 0.18*
R 40.49 £ 0.90° 46.97 £ 0.38" 76.15 + 0.24 81.04 +0.23"
It 55 AR 89.83 + 0.44" 95.71 +0.18" 174.47 £ 0.08* 175.22 + 0.50*
5T AR 158.75 £ 0.92" 171.84 £ 0.22" 286.51 + 0.38* 295.09 + 0.63¢
B R IR 29.7+0.18" 43.46 +0.16" 60.84 + 0.20° 86.23 +0.49*
KA AR 100.19 + 1.20° 107 £ 0.50" 167.85 £ 0.13¢ 171.43 + 1.16*
20 R BR 4548 +0.13" 49.65 +0.13" 94.57 +0.82° 95.86 +2.09*
HRER 371.04 + 1.24" 376.18 £ 0.77" 473.35 £2.43¢ 472.27 +2.42¢
A R BR 186.69 = 0.90" 192.63 £ 0.46" 292.29 + 0.62* 293.22 +0.63*
il ZBR 16.61 £0.95 20.2 £2.15 42.82 +1.20° 46.93 + 0.85"
% F 2223.12+11.92 233829 +11.29 3472.23 £3.33* 3533.76 £ 13.98*
*8 HMEBLEEERANEIERSE
Table 8 Contents of free amino acids in Lentinus edodes treated by enzymatic hydrolysis
2ok A \ = E/(pee)
B384 Rk (R4 B ¥y Tl Rk B € B 41 B A
st vk 320.15 + 1.44¢ 327.09 +0.31° 555.01 £ 0.39* 544.73 = 7.60°
HeR 709.69 +2.91¢ 740.74 £ 0.70° 1011.50 +0.76" 1023.86 +4.13*
R 776.02 + 5.24¢ 834.09 + 1.94¢ 1350.20 + 0.59" 1 378.95 + 4.54
Tk 422.06 + 3.31* 447.36 + 2.63¢ 550.76 £ 2.57" 575.04 + 2.64
®9 HBBRINEHEHFEEER TAVHEMN
Table 9 Effects of enzymatic hydrolysis on free amino acid TAV of Lentinus edodes
o s . TAV
AR RBRAR WMD) g ngmtam)  andgm AAEems  LemAa
Bok R AR 1.0 0.02 0.02 0.05 0.05
BB 0.3 1.01 1.01 1.69 1.66
Hok S 93 L5 0.35 0.53 0.45 0.46
H AR 1.3 0.03 0.04 0.07 0.07
REW: 3 0.6 0.20 0.22 0.33 0.33
il £ BR 3.0 0.01 0.01 0.01 0.02
ek 29 2B 0.4 0.39 0.43 0.65 0.67
R AR 0.3 0.14 0.16 0.25 0.27
I 58 AR 0.9 0.10 0.10 0.19 0.19
7 AR 1.9 0.08 0.09 0.15 0.16
KA AR 0.9 0.11 0.12 0.19 0.19
20 R BR 0.2 0.23 0.25 0.47 0.48
Ay R BR 0.5 0.37 0.39 0.58 0.59
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Table 10 Effects of enzymatic hydrolysis on volatile flavor substances content of Lentinus edodes

A2 B %

B fe bt 4 o o Y ki Rk & & b
A3k Rk . . .

BA R R Bl i i By iR ik
1 ZARAC R 4.55 0.99 2.51 2.44
2 — Wk 0.77 0.10 0.13 0.12
3 — W Rk = mEk 5.46 0.74 0.94 1.02
4 W Ak ov9 BLEE 0.71 0.27 0.30 0.39

5 1, 4-2 LRI 0.01 — 0.01 —
6 1,2,4-=ZF 2 2F KR 5.45 4.72 6.38 6.15
7 2.3,5-Z kT 0.75 0.25 0.50 0.53
8 1,2,4,5-WHIR TR 1.28 2.35 2.10 3.02
9 1,2,4,6-v9 5 2e 37 B 4% 0.05 0.04 0.06 0.05
10 1,2,3,5,6- w2 3R IR 5.52 4.97 8.46 8.06
11 1,3-= A4 3R R — — — 0.01
12 Z(FEBAEK)F IR 2.31 2.35 2.25 2.00
13 1- B M 3-8 0.01 0.01 0.01 0.01
14 1-3F M 3-8 59.89 62.83 62.90 68.27
15 3-F 8 0.94 0.81 0.55 0.57
16 3-w k-1 4% =M -3-B% 0.01 — — —
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(&% 10)
A8 X B2 /%
B5 1At 2 A . o Y & ok & & B 5 4Bl
A3k Rk ) ) )
Bl % e Bl i i By it iR
17 B =2—3F M -1-8% 8.16 9.16 8.15 8.12
18 (27)-2—F ¥ —1-B% 0.01 0.03 — 0.01
19 5-W h 2B — 0.04 — —
20 FEE — 1.11 1.00 0.99
21 B X —2—F M-1-8 — 0.01 — 0.01
22 QA it B — 0.01 — —
23 3-FB — — 0.05 0.20
24 KB — — 0.02 0.01
25 A BR — — — 0.01
26 (S)-(+)-2-F 8% — — 0.05 0.20
27 IE TR 0.02 0.02 — —
28 27 A M B 0.01 — — —
29 RV B 0.27 0.21 0.35 0.42
30 S 0.02 — — —
31 R —=2—3F M Bt 0.28 0.46 0.38 0.46
32 £y 0.01 0.03 0.02 0.02
33 23K 3k 7 W B 0.05 0.04 0.20 0.27
34 R m — 0.01 0.01 0.01
35 KB — 0.04 0.04 0.03
36 8] = W 2R 0.02 — — —
37 = WK 0.05 0.01 — —
38 AR = H1 2R — 0.01 — —
39 K 0.01 — — —
40 A5 A B T B 0.01 — — —
41 ERN SN — 0.01 — —
42 F B Y — 0.02 0.01 0.01
43 LE K TS — 0.01 — —
44 (E)-10--F & i —8— & B2 7 &% 0.02 — — —
45 1- & M —3 -8R 0.05 — — —
46 LS T 0.02 0.27 — —
47 13 H—3-FA — — 0.02 0.02
48 X — 0.04 — 0.01
49 F-3 0.01 0.04 0.03 0.02
50 XU — 0.13 0.13 0.15
51 ZHEPRALTR — — 0.01 —
52 1, 4-B AT TI 0.01 — 0.01 —
53 NERZE R F IR — 0.02 — 0.02
54 1,3-= 25 % — — — 0.01
55 B B — — 0.01 0.01
56 hy, ¥ 0.01 — — —
57 -AARTH 231 1.21 2.25 2.00
58 LAV ARB L )M 0.01 — — —
59 RER[44.1]-1,3,5,7,9 -2 b — 0.02 0.02 0.02
60 TwE =Ry 0.03 — — —
61 O el 5 W 2 0.39 — 0.25 0.25
62 2-R TP A R — — 0.01 0.01

HE—FR AR E, T,
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Table 11 Effects of enzymatic hydrolysis on volatile flavor substances relative content of Lentinus edodes
& 41% A3 Rk o S Bl B AR Rk & & B B it ik B4 w B
(FF %) 38 38 36 40
B dh 26.86 16.78 23.64 23.79
RS 69.02 74.01 72.73 78.40
LS 0.66 0.81 1.09 1.21
S 0.08 0.02 — —
RS 0.03 0.04 0.01 0.01
LEES 0.07 0.31 0.02 0.03
ye %k 0.02 0.19 0.18 0.20
B 2.32 1.21 2.26 2.01

25 [ AH AR L GC-MS I 5E 20 B T 75 25 21 3¢
TR N AN T) T e R e XU ) B 1 B A3 R
i, REE 62 PR LY T, A AL A
B2 WESE WS BRSNS REMR K, F
T ST TE 38 Bh AR R MR T, £F 4k 2 A
W S Y 38 i, XU AR 1 R A 9 48
36 i, 52 4 T T A V0 28 A 40 B, 3 B2 40 S B
KME TS . B TR XS & & R K, %
H 59 R 69.02% ,74.01% ,72.73% F1 78.40% , H:
W - -3-BE S e, ORI -2- M-
1, 39 o 2B S/ BR AL A 0, o 7 1 S R
e H EZAME R, X AT R R T s 9 S 1 A
JIg W P 22 3o il 1 4R Ak 24 2B i/ ik Ak A 0, 1-
U —3— B EL AT LR ) SO, L R A LA
%, 2t AR BB, %90 I B AR R
R, B A RRER . S A YRR
G BRI Z —, EREmEa A
WA I AT B AR R )RR AR B, S SRR AE )
G 1,2,3,5, 6- A7 FEbe (Fas %)M,
2, A-ZERZARIRIKE, WA 2 A R R 1 X
BB BB AR A A X BN 26.86%
16.78% ,23.64% 1 23.79% , £ % )& 1,2, 3, 5, 6-
AR BERE (IR ) 1, 2, 4- =B A0 e fl
Thifbtk, SRR MEGG, FEEM 1, 2,
A- = BRI e & 5l B 5.52% ,5.45% A% 2]
4.97% ,4.72% , i 283k KU B 11 RN 52 6 Tk I A
Ja, =& SR nE 8.46% ,8.06% 1 6.38%,
6.15% ., B 4 2% 2t 18 in iy D PR T g 2 XU 25 11
e LR N/ B ata et 1 S AN S =

A AR A A T 2R A AR 3 A A el
SRHBZNEHAEY, oA R =
Bk /D | XA Bl T I A 2 B R A TSR W]
A 2t 2% AT LA S R A BT DR I s R ) o
(14 Dk /> AT B8 S phy T g o e v A 8 R R
BB F D SR PRI B AN
PRFK SRS, TR I 122 28 W) Joi 2 5 W) A8 2 1) 2 6 XL
WK o 5 7 0k 50 WU LE A [R] it o P R S W A
Xt A, KA M T REAR R S Y o B
RLBR o B A0 A A Wi A B I AR ISR 2E W o, BT
IKCR B 55 A WR AT B B A AR, T LA T 7 2 R A
TR o By 2 RS I &5 i fie b, 76 KUBR 3
T Y P 9801 525 AR 9 R A D0 81 P 2 g I

3 &Hig

T 24 2 Tl ARV B 1 R O T A B fle 0 A
Tt AR ) 5 (1) I, 7 A4 2% T A ), T R
A YL N, R R B B
B A R R AR AN 5 UMK B 1 B A, T
VEPERE BRI DL SR R, U e R
B LA R R (BRIE AR ) & W &2
RIS, TR PR B A Rl R S i
T, A AL A9 5 e A Al 5 XU A A
GER—E BRI AR A, RE A
T RE A 2 7 2 XU 0 i PR R, T A A
UK, Ay Ji 5 RO T 7 2l o (0 22 4 R R RE R T
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Effects of Enzymatic Hydrolysis Methods on Flavor Substances of Lentinus edodes

Wu Shanshan', Xu Xinghua', TLu Xingru', Ai Honghu', Wu Rui', Cao Jinling'®", Cheng Yanfen'?,
Yun Shaojun', Cheng Feier', Feng Cuiping'*
(‘College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, Shanxi
Shanxi Edible Fungi Engineering Technology Research Center, Taigu 030801, Shanxi
*Shanxi Key Laboratory of Edible Fungi for Loess Plateauw, Taigu 030801, Shanxi)

Abstract In order to explore the effects of different enzymatic hydrolysis methods on flavor substances of Lentinus edo-
des, two single enzyme (cellulase, flavor protease) and one complex enzyme (cellulase+flavor protease) were selected for
enzymatic hydrolysis of Lentinus edodes and the differences in the flavor substances of of Lentinus edodes after different
enzymatic treatments were compared. The results showed that: Compared with the control group, the total amount of sol-
uble sugar in cellulase group, flavor protease group and compound enzyme group increased by 144.21%, 114.24% and
438.28%, respectively, and the total amount of organic acid increased by 9.06%, 8.31% and 13.77%, respectively (P<
0.05). The compound enzyme treatment group was significantly higher than the single enzyme treatment group. The con-
tent of taste—inducing nucleotides in the compound enzyme group was significantly higher than that in the control group,
cellulase group and flavor protease group (6.55%, 4.90% and 5.75%, respectively, P<0.05). Compared with the control
group, the free amino acid content of flavor protease and compound enzyme treatment groups increased by 56.19% and
58.95%, respectively (P<0.05). A total of 62 volatile flavor compounds were detected by gas chromatography—mass spec-
trometry, among which alcohols and sulfur compounds were the most abundant. The relative contents of 1-ocene-3-ol
(mushroom alcohol) and 1,2,3,5,6—pentathiocycloheptane (lentinan) in the complex protease treatment group were high-
er, which reached 68.27% and 8.06%, respectively. The results indicated that the complex enzymatic hydrolysis of cellu-
lase and flavor protease could promote the release of flavor substances including soluble sugar, organic acids, flavor nu-
cleotides, free amino acids, 1-octen-3-ol and 1,2,3,5,6—-pentathioheterocyclicheptane (lentinan) in Lentinus edodes.

Keywords Lentinus edodes; cellulase; flavor protease; combined enzymatic hydrolysis; flavor substances



