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Abstract: The leg muscles of Quasipaa spinosa were enzymatically hydrolyzed using papain and acid protease to prepare hydrolysates.
With the yield and degree of hydrolysis as indicators, the enzymatic hydrolysis process of Q. spinosa was optimized using single factor analysis
combined with response surface methodology, and the antioxidant activity of the obtained Q. spinosa hydrolysates was evaluated. The optimal
enzymatic hydrolysis conditions of Q. spinosa muscles using papain and acid protease were as follows: under the optimal pH and temperature
for each enzyme, the solid-liquid ratio was 1:15, hydrolysis time was 4 h, and enzyme concentration was 2%. Under these process conditions,
the degree of hydrolysis of Q. spinosa muscles obtained with papain and acid protease treatment was 19.23% and 23.51%; yield was 22.66%
and 15.32%); 1Cs, values for DPPH free radical scavenging were 2.61 and 2.95 mg/mL; ICx, values for ABTS" radical scavenging were 3.46 and
3.20 mg/mL; and 1Cs; values for hydroxyl radical scavenging were 8.20 and 9.23 mg/mL, respectively. In summary, the enzymatic hydrolysis
process of Q. spinosa muscles optimized using response surface methodology is convenient and feasible, and the obtained hydrolysates exhibit
potent antioxidant activity. These findings provide a theoretical basis for the development of Q. spinosa resources.
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Table 1 Factors and levels of response surface methodology
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Table 2 Quadratic regression equation
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KfgE (%) =18.75-0.28A-0.24B-1.56C-0.080D-0.36AB-1.08AC+0.36AD
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5 E R P e b B F1{& P {& BEM
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B-B&AR AT i8] 0.69 1 0.69 0.091 0.767 2
C-BAfRS 29.30 1 29.30 3.85 0.0700
D-pH 0.077 1 0.077 0.010 0.9213
AB 0.52 1 0.52 0.068 0.797 6
AC 4.68 1 4.68 0.61 0.446 0
AD 0.52 1 0.52 0.068 0.797 6
BC 18.72 1 18.72 2.46 0.1391
BD 20.86 1 20.86 2.74 0.1201
CD 0.23 1 0.23 0.030 0.864 2
A2 24853 1 248,53 32.65 <0.000 1 *x
B? 135.31 1 135.31 17.77 0.0009 *x
o 81.55 1 81.55 10.71 0.005 6 ok
D? 395.90 1 395.90 52.01 <0.000 1 *x
KRE 106.57 14 7.61
PEDE ] 95.48 10 9.55 3.44 0.056 8 FEE
Yhiz £ 11.09 4 2.77
Bz E 773.15 28
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Table 4 Results of acid protease response surface analysis
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D? 456.13 1 456.13 46.43 <0.0001 *x
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HhiZ % 22.81 4 5.70
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()

K, ML, Misgmek N, MK 2 TCAE H, i
IS THIFE B B 7 ) S5 2R 4R, IX Ui AR
P Pt i o P U P55 X A DR 2R R e K A PR K e P
SUMA R, ) TR 7R AN R 2% b, 1 B At
AR R R e 7K A RN AR 55 AL 3 RTEL
FHIRRBIRLE pH BT RIBES, SmEeE, X il
FHBR M RGBT pH XS AR i K AR ) 7K
SN EE,  WOEAIX LA R Z Bl AR BE N, T
HAR B . 5 EMrEa R —E

" SR

IKARIE
K

o
o

AKARFE
KRR IE

o

IKAEIE
KR

KRR

~ 00 0 4d 21 %2

0.4 .
5 0. 0.5 ) D 05 1500 -4, ; 19
L 05 10710 w@w\\s\ Pligy 10-1.0 L %;;,//%4 2,005 17 e
& 2 A/NERBSE REEE R HNE R ¢ 4

Fig.2 Response surface diagram of interaction between papain

KR
KM FE

factors
N T DT & B WA R FEMR, 26 T
Wi 7 T P M T T EE R B 5 PAT 50 i 2 T PR 2
WEAEHA, o] T P o R, 1 B R 2R R

206



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

KA

"33
3'179 51

"Dy 727, 9 -
by 2545 4 R

3 E&MERBEEEREEE( RN EE
Fig.3 Response surface diagram of interaction between

44
o, 2150 42 oy
/7/,&/, 2 - sl

acid protease factors

2.2.2 IR IKIE) TRAL BT AR

FIF] Design-Expert 8.0.6 #fbst & KR BITZ T
[EELE, A3 IR E TR FER T Z 0. b
153 HA TR I B 24 B e 25 A i & 2.00%. pH
{H 6.99. IGSE 48.85 C . M) 4.03 hy BRELL 1:15
(g/mL). /KAFFEA 18.93%. MANE AN T 25
Honfg R A 2.00%, pH {EN 7.00, 1.4 50.0 °C,
Figfrf 15]°4 4,00 h, EBREEEN 1:15 (gimL), fELTE
WUE KRN 18.26% . 43 AT 15 H BRI 2 11 g e 244 il
Sty N 2.37%. pH 1# 3.09. R 49.7 C.
R fgist (0] 4.53 hy BRRLL 1:15 (g/mL). /KERFEEA
29.72% . FIRPEE BB T 2280 2R 5 A
2.00%, pH {E>4 3.00, #&EH 50.0 C, RSN
4.00h, BHEEH N 1:15 (g/mL), TEI T Z5005E K AR
R 33.37%. SEBRZEAT T IR SEIS 2 1F R IRIZK
fif P SO, R AR A BA B i A DG FE RN ] {5 B
REAREIZK AR /K i FE S A S At 2 T DG 2R, BRItk
T T Z AR S R K R R B AR L2, T
N FH T e LA 7K et 46 B B AR e

23 IEE G AL TR TR K A B K R

0 R i F
%5 SIEERS FIZEUK BN KR IR Rz

Table 5 Hydrolysis degree and yield of extracted hydrolysates
under the optimal enzymatic hydrolysis conditions
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B & B 23.500.86° 15.3240.33°

E: RAARRNEFERTERRE.

FEARTNE B BRIERR (M M AR I F R Xk
FeE LA I EAT B, 25 AR I I R L AT s R 2
R 5 PR AR SRR X AR Sk K A S 7K 3R
HALE, KA E S, Hoh, RYEER
AR ) /K R PR A AR E S ey, T A TR 1 A 1)

LR
24 B ACE RSN A S R

a = 0.1 mg/mL == .0mg/mL == 5.0 mg/mL
100 - == 10.0 mg/mL  ==500.0 mg/mL
X - b a
= 80 b -
£ Z Z
2 zZ zZ
g 60 z zZ
=4 z z
< 7 7z
S zZ zZ
S 40 Z Z
; z d Zz
o z z
& 20 z zZ
[ z Z
a Z Z
zZ z
0 A4 Z
i Acid protease V¢
b = 0.1 mg/mL == .0mg/mL == 5.0 mg/mL
100 - == 0.0 mg/mL = SOU.E(I) mg/mL a
= a
2
8
L
Q
£
g
g
=
0
F
m
<<
Ve
C = 0.1 mg/mL == .0mg/mL == 5.0 mg/mL
80 w= 10.0 mg/mL  ==500.0 mg/mL
°
8 60 a
g
g b
: Z 3
g Z Z
Z Z
= z c zZ
e 4 =07
A 1
z rl | A |
Z iz _
in Acid protease V¢
Group
d = 0.1 mg/mL == .0mg/mL == 5.0 mg/mL
0.6 - w= 10.0 mg/mL  ==500.0 mg/mL
E
=
[
S
[
w
©
9
=
<
=
(=]
E
<

Acid protease V¢

Group
& 4 BREQEK R E IR
Fig.4 Antioxidant activity of Q. spinosa hydrolysates
7Z: (a) DPPH A e /A Ae ), (b) ABTS A e R
feA1, (c) AR MBRFRED, (d) ZLRIEA. BFIE
FEHAZENEFHLE,
SRS RO, ASCE it DPPH

207



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

H 3. ABTS H %, HFE H hIEERRAL I ARIE
JEBE SIS SZSG, PR =R i K AR R F AL
HE /T o

AR VURARSMTTEALRE DI E Tk, AN T
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