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Table 1 Enzymolysis conditions of different proteases treatment groups

A % IoBEE/U-g pH B EIC B 1 /h
A 5 - - 50 2
Rk & & 8 4000 7.0 50 2
Lo E O 4000 7.0 50 2
KINE G 4000 7.0 50 2
H A% G+ Rk E QB 2 000+2 000 7.0 50 2
KINE @ B+ Rk & @ B 2 000+2 000 7.0 50 2

133 WERERSEMNNE 28 GB 5009.
124-2016{ & i & 4 E Khr e & 5 & FE 1R i )

SE ) HYIA) 0 U S AR R 1
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EUC(g MSG/100 g) = X ab; + 1218 ( X ab;)
(Zab;) (1)

K, a——2 if Z PR 1Y 2 [ 5 2 R (Glu) 2%
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g, T s R 25 [ a—ASTREE
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Table 2 Contents of free amino acids in the pileus hydrolysates of Hypsizygus marmoreus treated

with different proteases

7B RIRR A F/mg- !

xt 1 R ek a4 AN R+ 5 R+ A

R A F R 1.83 £0.03" 4.02 +0.20° 1.78 £ 0.02" 1.79 £ 0.08" 3.78 £0.12° 3.71 £ 0.20°
g 13.61 + 0.60° 15.73 £ 0.63* 14.43 +0.93% 13.63 + 0.80° 17.07 £ 0.77° 15.38 +0.78%

i 5.66 +0.34" 8.47 +0.32° 5.78 £0.21" 5.58 £ 041" 7.99 +0.32° 7.94 + 0.44°
i3 3.94 +0.32" 5.81£0.21° 4.02+04" 3.95+0.23" 5.73 £0.31* 5.53 £0.23*

H R R 3.39 +0.29" 4,78 +0.28° 3.48 £0.21" 3.43 £0.30 4.64 +0.12° 4.53 +0.23°
R 12.61 = 1.01° 16.02 + 0.81* 12.61 +0.29" 12.73 + 0.87" 15.27 = 1.07* 15.01 £ 1.23*
£ 7.32 £0.42¢ 11.54 +1.02° 9.32 +0.80™ 7.66 + 0.66° 11.94 + 0.90° 11.08 = 0.80*

AR RUBR ND 1.79 £ 0.02° 1.07 £ 0.05" 0.62 + 0.02° 1.79 £ 0.10° 1.70 £ 0.11*
It 55 AR 4.60 +0.21¢ 8.38 + 0.38° 6.76 = 0.60" 4.89 +0.30° 8.55 + 0.54° 7.83 +0.61%
55 R 7.70 + 0.20 13.43 +1.01* 11.84 +0.82¢ 8.31 +£0.64" 13.73 £ 0.98* 12.78 £ 0.76*
E SR 1.72 £ 0.12¢ 377 £0.21* 3.12+0.12° 1.99 £ 0.71¢ 4.04 +0.18° 3.62 021"

20 R 1.97 £ 0.10° 3.69 £0.21° 2.59 £0.12° 2.10£0.12¢ 3.30£0.21° 3.43 +0.20°
LN 9.33 £ 0.20° 13.44 + 0.21° 10.86 + 0.84" 9.56 + 0.60° 13.21 £ 0.70* 12.97 + 0.80°

i 2.59 £0.21¢ 2.73 £ 0.02° 2.33 £0.12° 2.40 +£0.21¢ 2.57 £ 0.08* 2.46 +0.14°
AR 7.74 £ 0.41°¢ 10.68 + 0.43* 8.45+0.61" 7.73 £0.61° 10.54 + 0.82° 10.17 + 0.57*

B A 8% 1.80 = 0.07¢ 3.25+0.12° 2.25 £ 0.04¢ 1.90 + 0.02¢ 3.27 £0.02¢ 291 +£0.01°

F e R R 5.03 £0.33¢ 4.88 +0.21° 5.10£0.31° 470 +0.29° 4.62 +0.21° 3.77 £ 0.02"
b H AR 3474 +2.12¢ 58.08 +3.01* 46.34 +3.21° 36.79 + 2.10¢ 58.58 +4.21* 55.12 + 3.87*
BB A m 90.84 + 6.42° 132.43 £ 8.21* 105.80 + 7.20" 92.98 +5.41° 132.03 + 7.69° 124.82 + 9.30*

Rl — A7 PR RNG T8RN 22 5 3 (P<0.05) s ND s IR T i R
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Table 3 Contents of free amino acids in the stipe hydrolysates of Hypsizygus marmoreus

treated with different proteases

%

0]

o B AR A F/mg- !
X 18 Kok 24 AN R+ A R+ A
R AR B ND 2.27 +0.04* ND ND 1.82 +0.10° 1.77 £ 0.05"
B R 5.62 £0.12¢ 8.09 + 0.40* 6.68 +0.16° 5.80 £ 0.24¢ 8.78 £ 0.46° 7.57 £0.30°
R ER 2.23 £ 0.08" 4.33 £0.04* 2.63 £0.21" 243 £0.13 3.96 +0.32 3.91 +0.08
R 1.54 +0.03° 2.98 +0.08* 1.86 +0.14° 1.61 +0.08° 2.77 +0.20* 2.62+0.12
H AR 1.40 £ 0.02° 2.55 +0.03* 1.71 £ 0.08" 1.50 £ 0.12" 2.37 £0.14° 2.28 +0.16°
GEN3 5.12 +0.20° 8.09 + 0.40° 6.33 +0.38' 5.70 £ 0.46¢ 7.80 = 0.50* 7.44 +0.67*
BN 3.44 £ 0.04¢ 6.53 +0.13* 5.02 +0.20° 3.39 £ 0.30° 6.04 (.34 5.61 £0.41"™
BRI ND ND ND ND ND ND
7 AR 1.61 +0.10° 4.00 = 0.40° 3.18+0.18 1.86 + 0.06¢ 4.13 +0.20° 3.63 +0.23*
o RBR 2.77 +0.20° 6.52 +0.42% 5.64 +0.40° 3.48 £0.28° 6.62 +0.40° 6.02 +0.10®
KR AR 1.13 £0.10° 247 +0.14° 2.21 +0.20° 1.53 £0.10° 2.54 £0.20* 2.39 +0.30°
20 FBR 0.81 £0.11° 2.10 £0.20* 1.28 £0.11° 0.98 = 0.06™ 2.12+£0.12* 1.83 £0.13*
Hy FBR 4.73 +0.03¢ 7.68 +0.18* 6.37 £ 0.27 5.60 + 0.20° 7.44 £0.20" 7.22 +£0.22*
GENd 1.11 £ 0.08 1.34 £ 0.04* 1.27 £ 0.06® 1.25 +0.10® 1.12 £ 0.02 1.06 + 0.06°
B EBR 3.55 +0.30° 5.65 +0.20° 4.43 £0.20" 3.96 +0.17* 5.49 £ 0.30? 5.28 +0.28*
B R BR ND ND ND ND 2.37+0.11* 2.20 +0.08
F PR AR 2.71 £0.51¢ 3.83 £ 0.04® 3.68 £0.21* 3.20+0.17" 4.17 £0.16* 3.20 £ 0.24"
b RAR R 14.74 £ 1.22° 29.50 + 1.89° 2312+ 141" 16.64 + 0.86° 28.78 + 1.94° 26.84 + 1.20®
BB AR 37.78 + 1.34¢ 68.43 +3.42° 52.29 +3.10° 42.27 £ 2.10° 69.54 + 4.80° 64.02 + 3.40°

T Al — A7 ARG B R IR 28 5 1 35 (P<0.05) s ND s AR T8 iR

¥t TR . KA RRAE A I ARt e R
T EEIAE T 1.83 melg, AR B FUETE A o5
TR 13.61 mefle, JEBERN 2.4 £5 . Hu 27
TF 5% T X R K i 2 A 45 & 1 A i 1 43 A F 5 v
R BR 55 4 TR 7 v A5 U B A R IR Y B
BTN, X S ARG R —8, 5 LU
FOAHLWPREA L (B OaR 2 kRS =
AR E IR i Ll 4:6 Feis T KT AL
W), LA 8 A 5 TRV () T R R Y
S R R I 38% i Ay, RUIH A RIAFME
I i J,

HI 3R 2 FIR 3 AJ AL, SR AL FAH AR 1L, BR A
T P A H T 45 Tl e AL B AL 0 B B IR & Y
AR T (P<0.05) . 2258 IR EA f5 (BR AN
g A1 ), T A rh i s L R 1Y B B DA 37.78 mg/g
FIRTF 2 52.29~69.54 mg/g, H i T B A LR Y
&R 90.84 mg/g 3 T2 105.80~132.43 mg/
go TF ST Pl fife Ah 3R AH v | DA S5 2 Tl A T 1Y) 45 1R

R & R, O T A AR KU 2
1) it i R AR e i, LR 2 A R IR R
HE U DAV i i S R R A, XU 2 1 g Ak 2
HRA R ARG % T IHE S R
A FEH (P<0.05) , R il KA R , HoAE BAR X IR
2 A FUR AL 34 rp I AR A | T 28 KU 2 1
it Bt 5 S IR BN T 2.27 me/g, T TR 4 KM E
il Ak 5 R AL SR 1) AR T N IR e R
25 120% ., 7E WU B fre A0 BRZH rh 7 AR TR] B4 B il vk
JE, BEfE 2 h J5 2 Fh A T AL PR 2 Y S S AL
FEIR & B AR T 24 8 AR I 11 i A
FH R (P<0.05) , 17 5 KUK 2 1 g Ab PR AH A
FEZEF (P>0.05), LA b4 5% W 1 Ak BE X
T A A TR R TR A T S R R 1 R i L
A ROCR 5 VR BV I 5 I T R A
WR ) B8 T 5 il RS R T USRI 9T 4 b 2R K
fift RUAEL B i vh B 45 2R — B, Poojary S5 31 5% H]
1% G0 T 1 5 RV o 2 B T A 2 | 1 0 KT
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R (0 DU TR 7 - 2k 5 B A TR TR, &
R R Tl B VE AR USOR IR T 20 £, AN IFAR
1 Ak UL 0 s T R A I R R T U0 S
i 2 AN R 1 S AL v Rl 5 S ) 2 AN () ) D)
P A O, XUBR R 1 il ) EL A P U0 2 1 il A A
DRl W5 R 6 1, AHE TR G R B RR TICER
it T LB AR b U s 1 AR TR 2 IR A
Ryl B8 B L RS,

2.1.2  HE Ak PR S A TR 5 TR A A A VR
B R LR S WRARAE R 17 R SR T 4K
FORER R 43 2R 5 28 AL AR fE R R OR R LRI
W R R TC A, i A 2 56 R A 455 R 4 212 (Asp ) FIAR
MR (Glu) , BT MR 24 2 R A 45 75 2 M2 (Thr) | 22 & &
(Ser) . H & & (Gly) . N & & (Ala) , ¥ 1 24 3L R £
154 2 R (Val) W B & R (Met) 5756 & R (1le) |
LR (Leu) AR N TR (Phe) (241 2 R (His) HE 2
1% (Arg) , it/ Wk 52 3k 2 A 455 i 20 R (Pro ) #6122 2
(Lys), JC B & 2 R £ 35 78 & R (Tyr) | 2 B & 1R
(Cys)P', F 1 AT, X6 HR 4 0 2 T 5 R A7
i IR 22 LR 1) % 10 5 O 15.44 mg/g F 5.62 mg/
o, 5 BB AR 17% M 15%, BRAKEA
it F1 52 & R (A B BRAL AL, F a5 A 3 4

180 ¢

C ok RN Atk ] ok
/7L s L

150+

[1]
1]

120} -

2 ol ]
ez = B
éso- l
N N
SISEVENENENEN
'RERE
0 V] / , £ 4
Wl Kok AK R+E R4
EAElTEES

The type of protease
(a)

1 Tt A 3 2 T i R v B R R TR B i Y N R
HA W FE T (P<0.05) , H & 5 M m 2K 43 51
W+% (i 5 & B 20.85 mg/g R & & 10.60
me/g)> KR (B 35 & 54 19.75 mg/g AR & & 4
10.36 mg/g) > K+ (1 % & &4 19.09 mg/g AN
T EON 9.34 mglg) ., Yang SFPHRIE £ H B H ff Bk
RAEMRW =50 3 H . MR (<5 mglg) T
(5~20 mg/g) Fl = 3 Fl (>20 mg/g) , 340 % 14 55 A
DRI T 3 S R 2 BERR P Ak T (B & i
15.44 mg/g, AR % 54 5.62 mg/g) , X & B B4 45
TRl i R DR 25 LA A O R R PN (E X R A
HHTRT 55 R R 2 R 43 ) R S A R R Y
38% M1 35% 7247, 4 2 h HiFfE A B S  BR AR N H
B AL BRAL AL, HoE 45 A0 A o R SRR Y o
B BN 43% A4, & = T X IR 4L (P<
0.05) . & 17 il Ab R AE B2 v 1l e 7= ) o 5 I 2 R TR
B 1 ] B R AT R A b AR Rl R L R |, Poojary
1SR 2 5 S 1) FH G 12 4 £ FH T £ R 2 R i
B 5 Al e B R S R 1 A Ak, X — BT
A R T 25 A L 5 2 5 o 0 R R R 1 I
1) 47 T B

100

LS il Tewk

" P au% [ ]E%
T —
w2 | 3 =
b
é 40 —
o] N N R
N
N> ) >
X AR RIK R+E KAK
AT ES
The type of protease
(b)

E1 AREABABEEFEZ (a)MEWH b BRIEKEERSE

Fig.1 Contents of delicious amino acids in the pileus (a) and stipe (b) hydrolysates

of Hypsizygus marmoreus treated with different proteases

22 EABABEMAEEHFESSENEBRRE
Wk A% B2 B 2 0

AN TR A 1A T Ak 38 ) 0 T i A AR T
BRI S WK 4, B3R 4 TR B 4T
e AR P — LA Y 5 MR R, 20l

5’-AMP.5’-UMP.5’-IMP.5’-GMP .5’ -CMP, X
WS AR 5 R 5 - R M B E T
T (P<0.05) , T a5 A S i 2R AR Y 2.6
fir o BB Y R RS 5°-AMP .5 -
IMP .5 ~GMP™| [ XU 85 1 il 17 5 Ak B4 A,
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A% FLUG A WA AL B TP R ST T R i S X
WA & PE 25 5 (P>0.05) , BF R A% R 1Y &
5 X A7 TR P22 7 (P<0.05), B 4 7]
ST DA 52 Ak P2 Y A A T T A A A R A
Hie e MY BEDRAZ T IR & i (W 6 & 0 8.45 mg/g.,
AR B 3.88 me/g) , 3 i Xt B AL e iR
1 i 4 BEZH (P<0.05) ., Chen Z5"ERIF 5% A [A] A4 K
W BT 1k B o6 A AR P S — A R I R AR

F AP B 4 A PR 5T AL R R TR
W, XS AT 45— B, F A i 1 2 IR
W B & B T A s SR 4l F s R
PRI, 2 P LA 08 T i 2 R ) T 5 £ 7 e
B it AR 38 5 5] B 0 o SR L BR AR JINER 19 T 1 A7
AbERLA AL, HE AR A A AL B R TR
A0 08 R i Y B A ) S B A R O R, T AR oy
TR AL B AR T BT 5 -AMP B,

R4 FREEBLAEEEFEESSEMBRTERZETRIE

Table 4 Contents of nucleotides in the pileus and stipe hydrolysates of Hypsizygus marmoreus

treated with different proteases

MR KO ERZF R4S F/mg- g
A GiES 5’-AMP 5’-UMP 5’-IMP 5’-GMP 5’-CMP SR 3 R pS¥ R
A bSiict 472 +0.04"  6.37 +0.08" 1.08 £ 0.02° 1.33£0.01° 2.56+0.60° 7.13+0.10¢ 16.06 = 1.20"
Rk 5.58 £0.04*  6.38 +£0.40° 1.07 £ 0.06* 1.16 £ 0.01° 494 +0.01* 7.81 £0.03° 19.13 £2.13*
b 487 +0.06° 6.39+0.19°  1.09+0.02° 2.09+0.01" 452+0.03> 8.05+0.10* 18.96 + 1.04*
AN 478 +0.04¢  6.61 £0.61° 1.12+0.21* 211 +£0.17* 3.62+0.22* 8.01 +0.03* 18.20 +2.24®
R+ 4 5.54+0.02" 645+036" 1.07+0.09° 1.84+0.04> 293+0.08¢ 845+0.11" 17.83+0.10®
R+ 5.13+£0.03"> 6.06+0.100 1.00+0.07" 2.08 +0.04* 2.78 +0.25¢ 821 +0.08" 17.00 +0.50®
R o 1.97 £0.03¢ 138 +0.10* 0.66+0.07¢c  0.47 +0.14¢ 1.51£0.16c 3.10+0.106¢  5.99 +0.10°
Rk 219+0.11"  1.33+0.14° 0.77+0.01™ 0.53+0.02¢ 297+0.04° 3.49+0.12" 7.79 +0.09°
A4 217 +0.01" 1.50+0.11* 0.78 £0.09 0.58 +0.04! 1.83+0.02* 3.53+0.06' 6.86+0.12°
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Effects of Different Protease Treatments on the Release of Umami Compounds

in the Pileus and Stipe of Hypsizygus marmoreus

Huang Aiyun, Dong Xiaobo, Kang Shufang, Chen Dan, Cui Mengdi, Xu Huaide"
(Collegeof Food Science and Engineering, Northwest A&F University, Yangling 712100, Shaanxi)

Abstract Objective: In order to extract and utilize the umami compounds of Hypsizygus marmoreus fully, the effects of
different protease treatments on the release of umami substances in the pileus and stipe of Hypsizygus marmoreus were
studied. Methods: Three single—protease (flavourzyme, protamex, papain) and two double—protease (protamex/flavourzyme,
papain/flavourzyme) were used to hydrolyze the pileus and stipe of Hypsizygus marmoreus. Then, the changes on the re-
lease of umami compounds in the pileus and stipe of Hypsizygus marmoreus treated with five protease groups were ana-
lyzed. Results: Enzymatic treatment by protamex/flavourzyme showed the highest level of umami amino acids and umami
nucleotides (P<0.05). The contents of umami amino acids and umami nucleotides were 20.85 mg/g and 10.06 mg/g, 8.45
mg/g and 3.88 mg/g in the pileus and stipeafter hydrolysis by protamex/flavourzyme. Therefore, the equivalent umami
concentration of pileus was significantly increased from the second grade (836.90¢g MSG/100g) to the first grade (133375 ¢
MSG/100 g) after hydrolysis byprotamex/flavourzyme. Furthermore, the electronic tongue system could distinguish the taste
difference of different hydrolysates. Conclusion: The hydrolysis of protamex/flavourzyme can release the umami compounds
in the pileus and stipe of Hypsizygus marmoreus more effectively, and the pileus of Hypsizygus marmoreus has greater
potential than the stipe in developing flavoring with salt—less condiment.

Keywords protease; Hypsizygus marmoreus; pileus; stipe; umami substances



