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Abstract: The antioxidant peptides were prepared from Volvariella volvacea protein by protease hydrolysis. Based on the
single-factor test, the extraction conditions of antioxidant peptides from V. volvacea protein were optimized using response
surface methodology. At the same time, peptides with different retention molecular weights were isolated by ultrafitration,
and their antioxidant activity were detected through 2,2-dipheny1-1-picrylhydrazyl (DPPH) radical scavenging activity, Fe*"
chelating ability and reducing power. The results showed that the optimum enzyme for enzymatic hydrolysis was neutral
protease, and the optimum process for antioxidant peptide was as follows: The enzymatic hydrolysis time was 3.70 h, the
enzyme dosage was 3.81%, and the substrate mass concentration was 3.11 g/100 mL. Under the optimal enzymalysis
conditions, DPPH free radical scavenging rate of the optimal hydrolysis products was 69.85%+2.52%. The F1 fraction with
the lowest molecular weight (<3 kDa) exhibited the highest antioxidant activity. DPPH free radical scavenging rate, Fe**
chelating ability and reducing power of F1 were 78.81%+1.56%, 91.05%+1.65%, 0.47+0.02. The antioxidant peptides from
V. volvacea protein can be explored as a potential natural antioxidant.
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B HER, WiE S, DRI, HrEE, A
R RE ST PUBAIRERSED ), B S AR
JoT . RHERHE | 4 AN Y A 2P DI ReTE TR ST,
Horp, FEARZE 29%~41% (517, SRR
HEE B EE R B N TR A ThE, JH
B, FREDE BRI R AR 7 ES . YR, XA
FAIF G 2 A T AR g 22 WH R 22 1 45y T, AR AL
MG Ffe A,y P e B P ORI R T2, it
B2y Esalifh, A5 —FFT Y o 5 HH; Kalava
U U I B T 22 (AR BE TP 2y B TSR A
FEMURE T BT HE I B AL BRI AR X 8
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PR, RETIR AV NARSE AL IS | &
GRPEP M HAD A2, AT A VrZ sl
YIEP TR RS, ANl | XEREE AN
FoKFE AN 5 B EEK R R TR
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Z KA He R R S = i A s Y AR K
FEYIPT AT PR BT B SR YR . R IS,
IKASFAR NS0, RGP A AE S oK i L B
FEEE X

A S L) g SRy TR}, 38 At 8 B KA R A T
SEARIR . 20 PP DA 2 S8 A0 o7 T a6 Xo) T A S5 A48
ArthAk, Jm RIS S Bl A S T A BT
SRR, I FHARS MU A TR, B AR DA
AR PR ARl AR YE, 25 Sk 85 235 R
1 MR5RE%

1.1 RS EE

Hgh EFTAOEIEERE AR HER(200 U/mg)
JERAE (250 U/mg) g se MAE LRI A BRA
] PR FERF(100 U/mg) . ARJREE FIBF(800 U/mg)

R A R A BRA W] DPPH F FH RIS BRER
IS A S A A R A BRA F]
= 24542 B4 251500 BRAS w5 HA 3= 20 2 =57 55
Kok,

Labconco Free Zone %% T H:HL 22 [H Labco-
nco 2N FEl; HWS-24 FHEVEROK IR Hig—(ERM
A M24\ ¥ ; TECAN Infinite 200 Pro Z2 I HERFFRY
Bii: TECAN Aw]; R-134 a (i E0HL FERE Eppen-
dorf 237]; Milli-Q Reference A+HEE4l/KHL  MerckMi-
llipore 2N H] o
1.2 KWHE
1.2.1 BLEETANEE  EaE SRy YA BT
J R i 60 HfE, T—80 C FRAFEH.

1.2.2 AT Z R Ry SR Atk Fe g 1:
10(w/v) Y EL B S), #8775 (100 Hz)20 min, & 4 h,
8000 r/min T B0 B8 _HIHUK, SR 80% WifRELZ T 4 °C
ULTE, B0 (6000 r/min, 20 min) B ILUE, WU TE BT

R AE A R 2R K i o E R I R I £ B A
10 kDa Mi#ENTAS T 4 °C T HBLI/KIENT 48 h, T
JEPRAET—80 C HBARIRVKFE I LA A k(s FH o

1.2.3 [gfi T2 0A g AR TR — ekt
W INZEAR/KIR A, A 0.5 mol/L 1 NaOH 1415 &
Fiff e 14 pH, 7F Bl A i e S 30 min, JINE4,
IR B (1 0.5 mol/L /9 NaOH 44 pH fHAE) .
KPiE(90 °C, 15 min), ¥HIJE55.0>(4 °C, 8000 r/min,
20 min), W8 H.

1.2.4 HAMMIHE SEHEMEE . PR
Fif . TR P . AN P . B8 P ER P Oy
R B SC N AR PR SR FABRK B 2 h, K, SRS 08
IREEFN pH 255 — MRS, P 30 min, IS
TRNER P, KA 2 h, KB HARTELL ), BRI AR
FAE . B~ A IR i, A T T A i 25 R X A
TR EP TR (R 1), L DPPH H H3EiERR. Fe*'
FAREJIFA T I IVE TR, Tk B 5 i 28 Pl

® 1 ARG

Table 1 Hydrolysis conditions for the various enzymatic
hydrolyses

R o B ORY R

ww  BE M
E e 4L 50 10.0 4 4 3
R 45 7.5 4 4 3
JBEAE P 37 8.0 4 4 3
AR 37 7.0 4 4 3
B EE EEE 50~45 10.0~7.5 4 4 3
BE-BRE I 50~37 10.0~8.0 4 4 3
B ANEHEE 50~37 10.0~7.0 4 4 3

1.2.5 PAPNZESCE SR 1.2.4 Gk H i 5o i 7K A
B AR S PUEALIR, L DPPH i R R AR
AFEPRPAT R R L VBT [ N 4%, IS
BT 3 /100 mL, PRETEGHFHATH] 1.2.3.4. 5h XF
L 7 TR A PR A SR A S ) [ A EF TR 4 h, RS
SRR 3 /100 mL, FRGENNEEE: 2% . 3%. 4%. 5%.
6% X 755 2 P BRSO B2 N 5 [ 52 A AT ] 4 h,
TN i 4%, RGN EHIE 1.2.3.4.5g/100 mL
e 2 P TR RS SR ) S

1.2.6 map; mAARISE AR R SR Y Al
Ll DPPH H H L B B AE, DABG AR R (A) |
Sk (B) | YRR (C) Sy [ 28 . ¥ Box-
Behnken {03630, B85 1 — PR 2 = /KSFm o T
I, UG N 22 5K L 2.

2 T P K

Table 2 Factors and levels of response surface experiment

IR
H#E
-1 0 1
A Tt ] (h) 3 4 5
B i (%) 3 4 5
C JEY) T &4 % (g/100 mL) 2 3 4
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1.2.7  PrEfbid

1.2.7.1 DPPH H HIEIEFMRFR # R & kit
ATME . FEEOE P HININA 150 pL £ RS,
150 uL Z.E¥ DPPH ¥R, 1R 51 e =0 R GiRE
30 min, 12000 r/min ZE ikt 250> 5 min, {8 FHEFER{L T
517 nm ZEPERIERE A, . 80% I 2 DPPH
WIS CIE T A, 80% HEEAR AL S IS G
BESR Ay BT AT DPPH [ ERE R

DPPH A Hi 375 F (%) = (1 - A‘; Az)x 100

1.2.7.2 FeE#EAHRe)1 S22 AP (0 E
BESL Y Fe* 3583, 78 1 mL FERIAR P InAXGEK
3.7 mL. 2 mmol/L /Y FeCl, #¥# 0.1 mL F1 5 mmol/L
JEMEZE 0.2 mL, 25 °C F X 10 min, £ 562 nm 4k
MEWSCEE Ao BEEKACEFE SISO G R A,
RZEIRACE AR RIS CEE N A, FRRATT AR
T Fe BEA%,

Fe* B G #(%) = (1 - %)x 100
1.2.7.3 JF )1 =% Dong 42 (7 B Mg AT &2k
IMERESREIAE ST #F 500 pL FESREZINE] 500 uL
i 0.2 mol/L R 2% vh i (pH6.6) Fl1 500 pL [ 1%
(W) BREEACETIR G0 T . BHES YT 50 € FK
% 20 min, ZRJGHITA 500 pL B 10%(w/v) =& 218,
7E 8000 r/min T &5.0> 10 min, ¥ 500 pL 75 % .
500 pL XZEKFIT 100 pl B 0.1%(w/v) S ALER 7 W
FEZENE TN 10 min, 7F 700 nm AR K2 %5 7% B4
SGIRE, WG BB & ()34 S R kR
1.2.8 FAPESTG K AR A T2 A&
I BEARAS ] 10, 3 kDa 1B IE 5.0 A R T4 5
alifk, 193] 3 FPAE ST 5 A9 Z k4 53 (F1<3 kDa;
F2 3~10 kDa; F3>10 kDa), % T /5 fi# 1% T—80 °C, i#
SRS MU AR AR ST T A AT P
1.3 B

BT BRI R 3 W E A I E bR 2E,
JH SPSS19.0 #4751 1245387, Origin2019 #E4T
2%, i Fi Design-Expert8.0.6 BTN 531
2 HBRE5ESH
2.1 ERAATFE

AT /K A 2 2 = A W R R v Y
o ZARIIPTEALIE TR RN T FH 28 (A B Ah S A 5E,
ANFE ARG EA AN FIR B 5, Al AR A AR 2
FLFRAN ST HE A Z2 K2 DRI 35 15305 114 28 1A T
il g G TED USRI B S IR . il 4 FRORTE] Y
AR 3 Felr RSPl 2 £ 1, S5 SR An1El 1 s, AH
B HEEA, B E = ab T e e e, 1
H e 2R A A ) B0 DPPH [ FR 275 R R
Fe® B8E5EK, i 4 h /=, H: DPPH [ i 3L7E SR
7 61.35%+1.33%, Fe* B 5% 0 85.98%+0.38%, it
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Fig.l1 Effect of enzyme types on antioxidant activity of V.
volvacea protein hydrolysates

¥ VPL: HigE 8 5 AH: B0 8 K 7 7= 90 TH: R A
TRAF =05 NH: 28 1 B K A 7405 PH: AR JICER 1 B K ff ™
W; ATH: B8PE-JBREE UK %7 90; ANH: Bdii-h 2 gk
f#F=H; APH: Bl AR AR K AR r= 905 AN T 30oR
R EE P<0.05, & 2~F 4 [F,

e T SR R ) (P<0.05) o A JIVER A it
B = B R SR T e KR 0.3620.00, Hayk 2 bk dR
PB4 0.35+0.01 . HPEE PR -~ 7h Tk
Foer ] BEAR DR R B S DR, G2 BRI AT
050 T 2208 « VN 20T S5 0 A I A SR TR % Bk 11 IR
B, UL IR I & I S PRSP R IEAR S, 457
G758, P EE LR RS B BEE b A AR IE T,
K] 53 H PR A B P S A R Y Bt 2 AR A T it
— I RALITSE

22 BRERSWER

2.2.1 P AL EREf = L A A IS PR S R Tl
ST [V X o 25 2 A P42 DPPH. [ R 2E75 BRR Y
SEMR), ZERANE 2 PR, BEAE BT TR RS, DPPH
FI FH 35 R 2 Se g e vaika 34, B Ia] ol 4 h B, =
Jk1¥) DPPH H HH FIE R FIA B 64.19%+1.07%,
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TR ST ] ()
K2 AR DPPH [ IR R AR
Fig.2 Effect of hydrolysis time on DPPH free radical
scavenging rate

S T HE AN IR (P<0.05) . i THEEwHARIH, IS
T E, T ATEST SR N, Fe A B R i R T
EAIK. BEE IR AWIE R, PrE bk nT i ek —
AT, TS BT A AT PRI BRI, DA I, Ml
sk P Xo 2 2 1 A = 1 A Pl 2R BREE 1 A &
TEVEF, BEHL 4 h A ARR A a3 T — 25058 .
PNEF 2 AP0 GRS R 1 T A LA, PR ETE
PR EFTR] Q3N ek S s, HAF T g S S5 AF
FT—3.

2.2.2 Junp e %} A P A AR N MR s i

&l 3 I, 2SN 4% B, DPPH [ H 375 BRR
62.85%+1.20%, ik Bl i KA, & T H B AL

(P<0.05). BfFE NG A NPT A s P 22 B S
KGN HA, X T GBS PR Sk B 2 o i () 385 00,
-5 JEC A S TR R0, A Il i 2 (e 2 P o
St FEOK S, PR A AT R TN PR B 5 e Vi
iR, P PUAEALIE TR Z RS BRI Rk,
BEHL 4% VE A AN

70 1

(=) N
(= w
L s

DPPH [ H1 B35 R (%)

12 3 4 5 6 7
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&3 JnlgEXT DPPH H LG BR R AR
Fig.3 Effect of enzyme dosage on DPPH free radical

scavenging rate

2.2.3 I T B R X A B AR AT P 1 S i)

JEE W) I e v B XF DPPH [ HH 35 v B 3R A4 5 i 4
Kl 4 Bogs, SRl 3 g/100 mL B, 2R I
f =%t DPPH H HH 3535 553018 2] i KA 69.33%+
0.43%, &= TH EANPEZH (P<0.05) . FEE YR
E LIRS, DPPH [ e 280 B3 S 05 N 5 val
sINBA A, 3T RS HH TR AR S H A T HoAh,

530S SHANY B, A BT B BE /N, iS5 IR TG
IRFESTEE G, TR T Bk 53 R, 8 I S e B
AN FESY, B FBKAAS FE 500, Rtk R AN
SRR E N 3 g/100 mL.
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Kl 4 PR XS DPPH F H LS BR300
Fig.4 Effect of substrate concentration on DPPH free radical
scavenging rate

2.3 BT 2RI Eid e

2.3.1 maN e aE R LEA R R R IR AE IR, LIRE
R EskIE] . IR . IS TR X 3 N [ AR
H, DPPH [ i 3L 38 B BB 7 S i b2 1H, AR 1% Box-
Behnken 0385031 FER DA i 0 1756, 59851
ZELERAFE 3 iR,

3 WA ARSI RS 4G

Table 3 Experimental scheme and results of response surface

0 1

5B M o7
o e - -
A TRt B AR C YR RKE DPPHH M3 TR (%)

1 0 -1 -1 52.67
2 0 0 0 68.85
3 0 1 -1 46.42
4 0 1 1 49.03
5 -1 1 0 56.72
6 0 0 0 68.79
7 1 -1 0 48.46
8 -1 0 1 57.82
9 0 0 0 69.54
10 0 0 0 70.26
11 0 -1 1 53.15
12 -1 0 -1 43.50
13 0 0 0 68.81
14 -1 -1 0 60.77
15 1 0 1 37.65
16 1 0 -1 43.50
17 1 1 0 46.14

2.3.2 BEAUPIEEST 507 22087 FIHEAY Design-
Expertl 1 1 7ZIamT8LE, 152 B4R T

Y=69.25—5.38 A—2.09B+1.44C+0.4325AB—5.04
AC+0.5325BC—10.46A>—5.76B>—13.17C>

EUAF R T 22T R UL 4, BRI B 5
K- P<0.0001, 2 BH 22 o1 A A R AR ) 3255 SI2 00 Pr ik
FE T P e E R AL R?=0.9956, 15t B Wi 7 {8 i A8 Ak AT
99.56% KR T Tk AR &, 3R IR GEAA R Sz e
S A AL AL BEIEDRGE R B R, 4°=0.9899, K
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Table 4 Significance test for variance analysis and coefficient
constants of regression models

b3 SEJ5E MM ¥y R PE BEN
sl 185493 9 206.10 175.68 <0.0001  **
A 231.77 1 231.77 197.56 <0.0001  **
B 35.03 1 35.03 29.86 0.0009  **
C 16.70 1 16,70 1424 0.0070  **
AB 0.7482 1 0.7482 0.6378 0.4508
AC 101.71 1 10171 86.69 <0.0001  **
BC 1.13 1 1.13 09668 0.3582
A? 461.01 1 461.01 392.96 <0.0001  **
B? 139.88 1 139.88 119.23 <0.0001  **
c 730.17 1 730.17 622.39 <0.0001  **
5o 8.21 7 1.17
RS 6.54 3 218 523 00720 ARFE
iR 1.67 4 04174
S 1863.14 16
Y RER 0.9956

KEIEURAE R HR " 0.9899

e *FOR B, P<0.05; #*FR il 35, P<0.01,

£ 80
370
%} 60
50
H 40
ﬂmﬂ 30
&
- %45
4/%‘ : 3.5
By, 3.5 4 o)
4, @@ 35 4;5““@%k

AT AR 1.01% ASHE R I RO MR RE; S
PAE M 0.0720>0.05, J< LI 2, 5 ARl & BE T,
T DL HIZBCEEAE R T S 56 45 5 . Al AL B
C.AC. A%, B?, C*> %} DPPH [ 1 BLI5 53 5L AR 5
E(P<0.01), 2 4 7T A1, F(A)=197.56, F(B)=29.86,
F(C)=14.24, R4 PR 2 X 5ok 85 (B f = b S04k
T R P S5 i T Ay 6 FRA S e >0 it > S 42 IO
TS

2.3.3 ma ny E AL AR g 25 R 38 i KM Design-
Expert 11 438745 211985 K 38 38 BAE 0 dh 2 = Fnss:
LR E LI 5. Pl Ta] i 2R AR fdne R, LU N
HRURY R . YA S S TERDE R, 2P
A HAE B2, [RE R 38 AR AN w350,
Ml N7 TR ERE 8 V4 e A R 8, sz ol S A2 3 S5 A Py eSL AR ok
Wi R AE 520 o ] Sb e R (] RS ) ot v
FIAp e 7 AT 25 R R e, WU AR A P e il 5, 3X—
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Fig.5 Surface maps and contour maps for each factor interaction
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LR 53R 4 T B A R — 3K
2.3.4 WA A LIRIE SR AR B T 20T
ik, 15 1 e B AR Bl 254 S B gt sk 3] 3.713 b
InfEr 3.813%. JIEH BT 5 MR EE 3.106 g/100 mL H,
B ) DPPH F FH 3 W B 32 e i, O T (B R
70.294% . ¥ RIZ A AT IR, 25 RS PRpAE
B AT AT, e B AT TE] 3.70 h, NI 3.81%. JiS
Wy B R BE 3.11 g/100 mL, B IFIEe B4 3 vk, W
E DPPH A H 3BT AN 69.85%+2.52%, SHIE(H
FHVT, DERHILA AR OR Ab S R S5 AR 5 SRR O
24 EEASHIMELENE

AR AR AR ST 1 R/ VPR HLA 2500 o P e
FEH T oy B alite . REfdiA 3 kDa. 10 kDa 48
VB X B B B AR TR A T A S, 458 3 g
2% 5 A, F1(<3 kDa) Hi 8 bTE M B 2 & F F2(3~
10 kDa) . F3(>10 kDa) F1 i fi% 7= 4 ( P<0.05). *:
DPPH [ H 3EW B8 . Fer B4 ML I 74351 A
78.81%=+1.56%. 91.05%+1.65%. 0.47+0.02, ZZHkHY
YA ATE T S R/ NI R 4H P 2 A HE
HFFPAHICE 2 s B e, s/ MO Z Ikt
SALTEMEE S, X TREE h TEEuE T E/ N Z A
BENESEIALRA, FT LAVE ST ar i i A, 5 5
FH IR A N, I HF A TR E 172, Yang
ZEEST RS ifiy 2% AR 38 TS M 1(<3 kDa) i) DPPH H
FHILW RR . O, -1 53R M ABTS [ i S i R i v
5353°h 68.16% . 18.95% #1 97.59 mmol/L TE/mg, it
Z(P<0.05)5T4H5r M2(3~10 kDa)Fl M3(>10 kDa),
X LR G A SLIGZE SR, R ST Z KA
B S P UEARIEE

5 VRS RERGARY b HOR IE L S r B A A
Table 5 Antioxidant activities of neutral protease hydrolysates
and their ultrafiltration components

DPPH | 13153 (%) Fer G (%) BN
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