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Abstract: To promote the deeper utilization of Stropharia rugosoannulata (S. rugosoannulata) a flavorful and
functional peptide base was prepared. The optimal enzymatic hydrolysis process for the soluble peptides from
S. rugosoannulata was studied, and the molecular weight distribution characteristics and in vitro antioxidation
activity of hydrolysate were analyzed. Based on the evaluation index of soluble peptide mass fraction, assisted by
the results of bionic electronic tongue, the best protease, enzymatic hydrolysis mode, enzymatic hydrolysis
temperature, enzymatic hydrolysis time, enzyme addition amount and material liquid ratio were screened, and
then three factor and three level experiments were designed by using Design Expert software to determine the
optimal enzymatic hydrolysis preparation process. The results showed that neutral protease and flavor protease

had better hydrolysis effect. The optimum process for polypeptide preparation was as follows: the hydrolysis
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process was double enzyme step hydrolysis, temperature was 50 °C, the ratio of material to liquid was 1 g : 30 mL,
neutral protease hydrolysis time was 76 min, the amount of enzyme added was 1 175 U/g, the hydrolysis pH was
7.5, flavor protease hydrolysis time was 20 min, the addition amount was 490 U/g, and the hydrolysis pH was 7.0.
With the optimal conditions, the soluble peptide mass fraction of the hydrolysate was 245.45 mg/g, and the umami
and salty value were high, which can effectively improve the bad flavor. Meanwhile, the molecular weight of
polypeptide was low and concentrated, and the proportion of polypeptide with molecular weight less than 500 is
83.55%. Moreover, enzymatic hydrolysate had good antioxidant activity in vitro. The scavenging rates of 1.0 mg/mL
hydrolysate to DPPH and ABTS were 81.84% and 65.25%, respectively, and the ICs, were 0.19 mg/mL and
0.56 mg/mL, respectively. To sum up, through optimization of enzymatic hydrolysis process, the hydrolysate of
S. rugosoannulata had high polypeptide content, low molecular weight, demonstrated both good taste and
antioxidant capacity.

Keywords: Stropharia rugosoannulata; step-by-step enzymolysis; flavor peptides; soluble peptides; antioxidant

activity
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Table | Enzymatic properties of different proteases
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Fig. 1 Effects of different proteases on the mass fraction of

soluble peptide of S. rugosoannulata
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Table 2 Effects of different proteases on the taste of S. rugosoannulata

=) 12 Wk ME EL B R R AE ik A8
JBE 25 T -49.44+0.94° 9.46+0.22" 16.840.04" ~7.05£0.47° 11.85+0.20%
W% E A -42.28+0.06" 6.86+0.06" 14.34+0.12¢ -10.42+0.05" 11.2640.12%
i -48.68+0.08° 7.67+0.03° 16.78+0.05° ~7.13+0.02° 12.14+0.24°
KRN H ~47.1420.05" 7.67+0.03° 15.93+0.04° -8.74+0.04° 11.74+0.10"°
TV 2 1 -48.13+0.13° 7.83£0.11° 16.28+0.10° -6.20+0.06" 11.10+0.23<
Kk & A i -46.57+0.13° 9.26+0.28" 15.66+0.16% -7.73+0.10° 10.70+0.69*
S&EAOMN -46.64+0.21" 7.19+0.08° 15.87+0.14° -5.22+0.05" 10.18+0.51°

T« A — A ] 7 B 0K 22 5 B 25 (P<0.05) .
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Table 3  Effects of one-step enzymatic hydrolysis and two-step enzymatic hydrolysis on the mass fraction and taste of soluble
peptide
it i 77 X AV BT 23 U/ (mg/g) i 1k {0 LR 5K R JE A LR
[F) 245 it fik 207.36+0.95° ~37.53+0.11° 9.76+0.04" 14.07+0.05° -12.22+0.10° 10.89+0.13°
73 A Tl A 211.54+2.53" -38.2240.08" 10.11+0.14° 14.2740.16" -9.61+0.03" 11.16+0.10°

T« 7 — U A 7 B OR 22 5 B 3 (P<0.05) .
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Fig. 2 Effects of different enzymolysis conditions on the mass fraction of soluble peptide of S. rugosoannulata
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R4 TEIBERE S 3T KK 15 A PR A0 220

Table 4 Effects of different enzymolysis conditions on the taste of S. rugosoannulata
ity fife 2% 1 fig i 2 % % A fE LR i iR R B FH R {E
1:15 -45.32+2.39"  5.23+0.64" 15.87£0.40™  -7.30+0.85"° 6.78+0.18"
1:20 -42.58+1.66"  5.83+0.60° 15.53+0.24" -8.0120.33"¢ 6.67+0.16"
e 1:25 -40.99+2.58" 6.08+0.84" 15.00£0.27° -8.6940.41% 6.98+0.17°
R e /(gimL)
1:30 -48.67+2.49° 6.10+0.86" 16.55+0.35° ~6.66+0.89 6.98+0.13°
1:35 -43.59+3.79"  5.54+0.51° 15.2240.64" -9.00+0.78" 6.99+0.09"
1:40 -44.63+3.87"  6.20+0.69" 16.01£0.76"™ -6.42+1.13" 6.37+0.18"
35 -47.05+0.72% 6.98+0.31% 16.20+0.19¢ -6.40+0.21° 6.27+0.12°
40 -47.36+0.55 6.64+0.18° 16.7840.20" ~5.50+0.04° 6.73+0.15°
AR 45 -46.87+1.36" 7.33+£0.11*° 16.51+0.26 -6.46+0.70° 6.45+0.10°
5 [lm x/OC
50 -48.05£0.36™  7.24+0.14" 17.18+0.12° -5.04+0.25" 6.90+0.18"
55 -47.96+0.95"  7.39£0.39% 16.94+0.08" -5.59+0.51° 6.80+0.21°
60 -49.48+0.16" 7.68+0.30° 17.11+0.18% -5.33+0.09° 6.83+0.17°
20 -51.32+0.57% 6.02+0.23% 16.64+0.23° -5.57+0.06" 6.50+0.08°
40 -50.53+1.39° 5.62+0.43¢ 16.82+0.12% -6.30+0.30° 6.75+0.10°
b A 4 60 -52.18+0.51° 6.30+0.36™ 17.19+0.29° -5.62+0.20" 6.87+0.13°
P R I R IS 1R] /min
80 -52.00+0.38" 6.10+£0.35"¢ 17.23+£0.31° -5.54+0.19° 6.92+0.17°
100 -52.28+0.20° 6.72£0.11" 17.04£0.19" -5.6120.06" 6.80+0.10°
120 -52.15+0.14° 6.80+0.33° 17.30+0.28° -5.69+0.18" 6.97+0.14
20 -52.99£0.51° 7.4240.40 17.20+0.05" -4.84+0.06° 6.84+0.20°
40 -53.20+0.55" 7.07+0.11° 17.30+0.16° -5.06%0.13" 6.94+0.17°
60 -53.38+0.39" 7.58+0.08" 17.36+0.14° -5.17+0.10" 6.97+0.21°
PRI H B AR BN IF] /min . i
80 ~54.77+0.41 7.54%0.02° 18.21%0.13* -3.40+0.12 7.10+0.23*
100 ~54.62+0.30° 7.67+0.06" 18.22+0.09* -2.96+0.08° 7.11£0.13*
120 ~54.69+0.28° 7.72+0.04° 18.13+0.09" -3.46+0.06" 7.08+0.08°
250 -55.69+0.65" 8.13+0.02" 17.50+0.29° -4.65+0.10" 6.25+0.09°
500 -54.86+1.53" 8.00£0.07¢ 17.61+0.13° -4.81+0.58° 6.23%0.10°
b 1 ) 750 -55.84+0.74° 8.20+0.07" 18.05+0.17° -3.79+0.20° 6.30+0.12°
] N /(U/g
1000 -54.91+0.35 8.41+0.05 17.54+0.19° ~4.84+0.03° 6.35+0.05°
1250 -55.08+0.23" 8.40+0.06" 17.63+0.21° -4.91+0.03° 6.47+0.08"
1500 -55.02+0.19° 8.06=0.04% 17.724£0.17 -4.2940.13% 6.35+0.09"
100 -56.01+0.43° 7.68+0.23° 17.85+0.31° -2.48+0.07" 7.06%0.08*
200 -55.82+0.37" 7.46+0.21° 17.82+0.25° -2.45+0.02° 7.0440.12°
U U 300 -55.38+0.21"  7.43+0.13° 17.57+0.29° ~2.96+0.09° 6.99+0.17°
0 N &/(U/g
400 -55.02+0.55" 8.52+0.14° 17.80+0.29° -2.36+0.13" 7.05+0.09*
500 -54.96+0.21° 7.38+0.20° 17.61%0.28" -2.44+0.07° 7.02+0.04
600 -54.97+0.17° 9.02+0.23% 17.46+0.31° -2.69+0.07° 6.93+0.13"

E  F = 26 IR — B AN [ 7 B 3R OR 22 53 B 3% (P<0.05)
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i 2Cd) s, P E G A% 80 min 5, N
N R K G B8 A 20~120 min, AT ¥ 1 Bk OR & 2
O W3 2 R R 2R A B A% 80~120 min )
I i S P R IR R R R R A A BT B T R R R
B, UK BE 0 o XU BB ) T G % 20~60 min (1 i R
B R R R A Ak T 2 R K S o SRR T T RO =

Iy CL R TZ R S R W e T A e
80 min Ji5 M A KUK B [ i 4k 252 1§ % 20 min A4 5 L
53 A2 B fiAE I 1]

Wa & v R W B B R W] VA VE IR i &
SRR T BB S, £ M R G N B
& N 1250 U/g i ik 3 i K18 221.91 mg/g, W
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2Ce) . M EH o Hras R EoR, o & E b g

FON 1250 U/ghtt, B R IR . 25 58 I il Bl
ARG R 7, [ B B RN g & 1 250 Ulg, i
17 AR B A g A AL g &2 0 204k, Bl 2D
Ft 7~ R 2R A A 100 U/g $2 /55 1 600 U/g I, il
figi 777 0 T VR T e T v R AR IR AE AR
& AR B & N 500 Ug i & B i KA
256.00 mg/g. ML AK A T B AE PP AR BIC, B R
E AR A B, B I B U B AR . &5 & T
JoR 0T = o s B o BT 4 SR AN AR T2 AR SR
Kl € Hh VR 2 B N g R 9 1 250 U/g KUK 2R
1 i 0 ¥ &2 500 U/g.
24 MEERCEREIZ
2.4.1 Box-Behnken*f & & i% it 5 % % 547

£ R &g &l I, >R F Box-Behnken 1
T = DR 2 = KT i R T AR AR R R AR 5T O AP I
RKBR 55 46 KR R 1 T2 45 1R it 7 R G B 4
RWES.
242 WERAE G R T E S

| | Design Expert 10 ¥ 4 3 47 2 7t 4] V- 4
A A B EABRL

Y=237.92-4.344-7.42B-0.06C-1.514B+

0.304C+5.30BC-8.344>-12.53B°-8.40C".

BRIRR S : KIREZWNRMKA S & R ERANEETNR

RSB SRS R WK 6. ZB A
() F 5 26.85, P 4 0.000 1(P<0.01), B4 4 it
R O, n] T T e B AR s A AL Ok UL I P
79 0.054 5(P>0.05) , & W] 1% B B & 1 JE K
U, A5 BY [ 5R 22 T RE SR IR T K 58 b BE AL R
Z. AR AN 132%, % W& B KM <
I, R EmEMERE S BEES N
15.090>4 , U B A% 55 Y B B 50 S B 25 3L, n) EE
e X SEHHR 78 4y AR B AR Y 1 ] U KR W, AT
TRRMMNESATREAAZGEIAXLR. M
KA R=0971 9,5 IE R R°,=0.935 7, Ui ¥
e 8 f7 BE 93.57% B WA NAR , H 3 B, B
fli 22 1€ & P Y0 Bl N, SE bR B 5 IE 1A R
Gptl, 2% TR 2 0T 4 I R e R AT AR 4R F IR Kb
FRH FlROK, 25 R bk 2 3% o R, 3 AN &R
o T K T = A B R W R R B>A>C . R
W PRI, AR B X 45 R oMk E (P
0.01) ;3 A28 H 100 (1) f [71 3 R 0L BC ) & 3
(P<0.01) , H &P 01 A &% (P>0.05) ; =k
T %} & 51 52 m 3 W B 2 (P<0.01) .

243 ZREREZEASMN

P P 3 8 ] R A5 v 2 T T R i T Bk

PSR AR AP N o e SRS S

&5 Box-Behnkeni&it A ERIXELER

Table 5 Design and results of Box-Behnken experiment

o TR H At S AR A S 1] /min RS AR INAE R/ (U/g)  KIRE AR IR /(U I YRR B 2 (mg/e)
1 80 1000 600 218.09
2 100 1500 500 205.29
3 60 1250 400 228.11
4 100 1250 600 214.83
5 80 1250 500 238.12
6 80 1500 600 215.53
7 100 1000 500 224.84
8 80 1500 400 205.29
9 80 1250 500 240.21

10 80 1250 500 236.01
11 60 1500 500 212.28
12 60 1250 600 227.63
13 80 1250 500 236.73
14 80 1000 400 229.04
15 80 1250 500 238.53
16 100 1250 400 214.13
17 60 1000 500 225.78
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*o6 ERFEEFESHMEEZHERE oMK, EEm kI TR, ERE
Table 6 Analysis of variance and significance test of regression Y P B 02 s Rk & [ b BN 500 Ulg
ﬁwm;’:ﬂ — - P T R 40 o 1 9 A
- — - MR AN E R R EREES. P

AL 210329 9 23370 26.85 0.000 1
© e 1 s 11 Coou g TR E AN B T R B K % 4
B 44045 1 44045  50.61 0.000 2" B UL ek S R 45 2R 52 R KT
c 0.03 1 003 0.003 45 0.954 8 6 QST T o i (VO 7 DR AL
AB 905 1 915 105 03393 P 2R B 0 i B A0 b 2R W I AR TR 22 (A A
AC 0351 035 ood 08472 EARFRELE . bk FTAENEE Y 1 250 Ulg
BC 112.25 1 11225 1290 0.008 8" I AT R R R 4 BONE b M R [ W AR N A
o e men B 00007k 2R g R A 2 U R R 9 o
e e O e
i w0 s 85, 56 1 o 2R A 4 B K T ROk
KM 5020 3 16.73  6.24 0.054 5 EABMMEE; FHABILTHIE, WH—#Z
Mg 1072 4 268 ) A B AR AN B 25 . 2 1tk S e TR Dy
MEE 26421 16 80 min I, ] ¥ M JIK T & 4y H B A& 1 AR B N
FE AR E 7 (P<0.05)  ** 0K 2 F AR % (P<0.0D). BHRGRE O E MRS 200 E %k

<7
100!

(b) HA P 1 Pl R (1 5 DU B T e (o) HHHP: 2 1 5 LR 2 1
A2 A P i S i ] A2 LA P W RS2 T 1]

IR Y B (mg/g)

() v A R 5 i R 5 A T o 7 [

NI IK BT 205U (mg/g)

- AR B ngle)

1500
- — c
E) 1400 50 550 2 550
'Z 1300 & =
2 = 500 E 500
= 1200 b Eg%{
+ = 450 K 450

1100 .

1000 400, . 400 1

60 70 80 90 100 0 70 80 9 100 1000 1100 1200 1300 1400 1500
FP R G A7 ] /min FPP B A A A 5 (7] /min 2R E AR (U )
(d) 7R A R (6] 55 R R A EL AR A s 2R (o) PP (I AR IR 5 vk 2 1 Dl () v 2 T O i e 5 R 2 14 D i
LA S E AR SRk E

B3 BHEXEEANRKEZETERKAZ SR wtdvh g BfsHaR
Fig.3 Response surface map and contour map of the interaction of various factors on the mass fraction of soluble peptide of

S. rugosoannulata
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e, B 2 G g o i & il i AR A0 e R SRR, A
fo 4 BE AR, Ul B R 1R R I N B o 4 R R
LN R S S S W N e S 1 [ B )
B 35 2 R AH BAE B35 . 286 o B ol i, b 1
G 0 e S AT KO & A B B ok,
I 1 B i AR T TR, T KRR B D =
e RPN, LGRS T E SR
— .
244 RAEILEHZARIE

R 8 3 A T o A T2 7 RO R M B A g
Mg & 1 174.07 U/g, B f# I 18] 75.31 min, KUk 85 EH B
JN g & 489.71 U/g, BE 2% A0 T AT 14 K i & 20 20N

BRIRR S : KIREZWNRMKA S & R ERANEETNR

239.56 mg/g. R HE A AR VE AR AT M K B
T2 N EE A& 1 175 Ug, B f#
I 18] 76 min, X BK 25 E B 08§ & 490 U/g, i AT
3P ATIRAE. R 7 &, &t T 2453
g figt 7= 9 v ¥ M IR R & 2 BN 245.45 mg/g . =
TP, HAH 6 AR A w2 (RSDD N 1.02% o
i T S N N 1) s E e /TR C i
X 21335 mg/g. &AL G, 7= W) BF WK AE R R
B 48 W, o R RS, AR R I H B RO R L R
I e 55 R 52 55 P RUBR ARG AIE o D] 0, SR P i 2 TG A 4L
FRAF 1 K BK a5 75 KU R P2 B T 2R B T 5, A S
A E

R7 REBEIZXKIKELE A MR BE 2 BRI B §2 0

Table 7 Effect of the optimal conditions of the enzymatic hydrolysis on the mass fraction and taste of soluble peptide of

S. rugosoannulata

41531 ] K T 2 B/ (mg/g) i WA A TR E f B fE A A R A
ETEH 245.45£6.96" -56.53+0.65" 8.29+0.27° 18.02+0.31° 0.27+0.65* 7.32+0.10°
AN T Ak 2 2R 213.35+3.91° -56.48+0.59° 10.76+0.23° 17.88+0.28° ~1.29+0.45° 7.37+0.14°

VE 7 — 50 B A A R o B ) B 2 18] 22 53 2% (P<0.05)

25 FAAMKBENSFRENH

DA ER B3 IF 8] g s AL b, AH R 43 1 5T B I 6T 3
1B 9 A AL B 22 o) A A 1T 28 . 15 30 b ot it 2R LB
75 #2 9 y=—0.170 3x+6.758 9, R>=0.972 9,x A {#* &
I 8] 5 y SR AH G 7 5 B O B S 26 1 S R .

X s T2 A A AS o i Ak 3 2 7 ) 33 AT A
SFRES AN E, WE 4, R T EEMET,
K BK 75 4 e A T2 B = A 7 F R E AN T
500 ¥ (5 Eb A 83.55% 5 AH X 43 T i £ 500~1 000 [
i EE N 15.19% s #H 443 7 T & 1 000~10 000 [ 5
EEAN 9 1.26%. TAHTR] 2544 T, K ER 55 %6 AN 0 il Ak 34
H=WAEARRT 73 B2 /N T 500 F11 000~10 000 /)
FLHE R, 43 0l N 38.41% 1 38.34% ; #H X 7 + it &
500~1 000 [ 5 b4 20.29% , K1 % 4> 7 5 & 10 000
PL 5 EEAY N 2.96% . 3 W] K BR 15 %6 4 b M 2R
1 g ARk B S A R S WDV JER A R 4y
TR EE PR LE/NT 100055 Bl BRSO & .
T A5 2R R R (BT RS B NS B A AT AR
IR I, B A 7= 40 A RE 4y & AE 1 500 BLR .
A X 4 F B E AR T 1 000 B 5% BE S 7R 0 1 5,
CIRVNER: 2 PN N A G e 3 IR DGR e i1
/INT 1000 9 58 KA MR S R AE L B S 2R R

REED R AE S Mt ARBFF R
BR i % B B T ZALBE W AR XS 2 1 R B AR A
1000 LR, (AL, U A# 20 AT RO R BR 5 25 X
R K i 5 R S % .

100 COsfE T 241
AN B Ab B2y
soF []
<60t
17
% 40|
20 ’—‘
0 —

75~<500 500~<1 000 1 000~10 000 >10 000
AR 53 ot
B4 “THEWKMASTRESNH
Fig. 4 Distributionoftherelativemolecularmass of soluble

peptides

2.6 PROMAEMNIEM S
2.6.1 DPPH & &1 K F R 6k /) o5 47

DPPH A & A ENE R TR EFAAEN H H
B DPPHIIEM FEEE T HHEBERIEH,
T H S RIS TE] A, AT R T PR A AR A P A A

149



150

Journal of Food Science and Biotechnology

WEEDY . B S Ca) BT, B AR T2 R i g
Aab B ZH 7= ) B RE 5 5T B K BE 5, DPPH [ HH 2
TEBREE B H s, MR R T — e
HyiEtbae e TRog  mdE L Z MM w
B fE 5T B IK FE N 0.4 mg/mL IR 4T Ak iE )T 58
TR G A, R R R E N iU AR
SR T NN Eg AL PR 7E 0.8 mg/mL B, B fE L2
“H M fi# 77 %) DPPH H H 5 75 Br 14 21 81.94%,
{2 DPPH H th %= 35 B g 77 1 I T BH £ % 18 T
W g . e AR L2 4 % 77 4 DPPH H H 5L
4 i 719 1Cs 4 0.19 mg/mL, 1% T 10 mg/mL""’,
Ui B K BR 55 %5 B R T2 A R A I B R fb R
T . HE SR B O R K AR A,
fift 7= ¥ 1Cs, v 0.88 mg/mL , i T K BR 75 45 fg fif =
M ICs . Tk 75 2 20 98 BN, 85 43 AT v P Ik
&K N 2.5 mg/mLIE ,DPPH H HEE B RIAF
74.11%, KBR 5 4 B 7= W) AE o B FE 8 0.8 mg/mL
i, HIERR R CIAF] 81.84%, Ui B 4 sD Bk ] 2% Kk

U IR T 1t e JE /(ug/mL)
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10 |
0 1 1 1 1 J
0.2 0.4 0.6 0.8 1.0
R B /(mg/mL)
(a) DPPH [ 375 BR %

BB 2958112024 F 10 A | BERE5EMEHARER

i i B ) T SR A BB D B .
2.62 ABTS A @A FRE N 5 H

ABTS v 52 #6001 55 7K M A0 2 R 1 9 I bt 8 AL
RO 7 i . L RUE R M A A I AF
7 I 30 ) ABTS H e 36 2 5, il i 734 nm &b W%
JE % 5 R WA AL RE R ER T Bl K BR 55 4 B
fife 7= W0 5 K G R ) R R K T R, ABTS H H
B bR B8 R W, WL S(b) o B P IK P
AL BE T 35 T R B RE TE, 2 E R T  JEUK
9 1.0 mg/mL B, ABTS H H 3 iE B £ N
65.25% , 1M A B % 7= % ABTS H HH B B X N
62.87% . [ fif 77 ABTS H H &5 B A8 11 11 1C,,
N 0.56 mg/mL, $it ¥ Il B ) 1C5, A 27.85 pg/mL.
X iR U0 ) 2% I A 2 IR XU R U M B, H ABTS H
1 SRR BE ST 1Cs N 0.45 mg/mL K T K ER 15 25 B
FEICse B 5 LB BB 7 b 3 S R I ABTS
H HIETERRBE ST H01C5 N 1.67 mg/mL, & T KBk 36 15
fide = 3 W ORISR i s e e 0 L i S K R AT SR A1
ABTS H H2EERREE ST
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Fig. 5 Evaluation of in vitro antioxidant activity
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Wiy fift 2 0, 13 B OK 3K 55 75 AT 9 M K AR A T 2
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