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Optimization of Preparation Process of Antioxidant Peptides in the
Visceral Mass of Cucumaria frondosa by Response Surface
Methodology and Its Composition Analysis

GAO Yunlong', XU Menghao®*, ZHAO Xiangzhong""

(1.School of Food Science & Engineering, Qilu University of Technology (Shandong Academy of Science),
Jinan 250353, China;
2.Shandong Zhongshuo Marine Technology Co., Ltd., Rizhao 276800, China)

Abstract: Using the protein of Cucumaria frondosa visceral mass as raw material, antio-xidant peptides were prepared by
enzymatic hydrolysis with complex protease. On the basis of single factor experiments, the enzymatic hydrolysis process
conditions were optimized by response surface methodology, and its antioxidant activity, molecular weight distribution and
amino acid composition were analyzed. The results showed that the optimum process conditions were substrate mass
fraction 4.4%, enzyme dosage 4887 U/g, pH7.0, enzymolysis temperature 56 °C and enzymolysis time 4.2 h. Under these
conditions, the DPPH radical scavenging rate of 2 mg/mL hydrolysate was 89.18%+0.11%, the ABTS free radical
scavenging rate and Fe*" chelating rate of 0.5 mg/mL hydrolysate were 68.11%%0.12% and 72.59%0.08%, the hydroxyl
radical scavenging rate and reducing power of 1.5 mg/mL hydrolysate were 71.86%+0.09% and 0.7473+0.0105; Molecular
weight distribution and amino acid analysis showed that the antioxidant peptides in the visceral mass of Cucumaria
frondosa, peptides with a molecular weight of less than 1000 Da accounted for 94.26%, they were rich in acidic and
hydrophobic amino acids and had high antioxidant activity and nutritional value. This study provides a technical reference
for the development of deep processing industry of Cucumaria frondosa.
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VK& K2 (Cucumaria frondosa) J& R 2 h#)17)
( Echinodermata) 7 = 4¥ ( Holothuroidea) &7 F H
(Dendrochirotida) JREE}(Cucumariidae ) MEFESN Y,
FEBESTATAEVRKE . PR B AR 2 M 4 [ SR ) Vg 1,
HESHEAN. 20, =TT . IS E MY,
BEAYUE. k. BRIUEE . i B e is)d 25
DIReTEMEP . UK IS IE R oK S S 90 T
SRR Y, E N . 2 AR e e, &5
SR B 1 BIRP O, (0 B T EE R IZ R BTSN
K, vKEHIZ ML 2288 SRR 5 B ool B 245
RPN Al , AN TCTE AT 80 i oK 5 o 2 i B
8, T HL&E s IR e B YR 2 o

AWy PR — S AR A1 i B 2 sl B
A IWEFI IR ST, AR T 0, A TSk
FRAMN Z T IE AR I, i B B s fh . PUrs . [
Ji . SR A 2 AP AR BT, AR T AR
ESY TR 7 SO = I (1 S Rl DY R 528 A BX: /) it B4 T e = b A ) N B
WSR2, diles 71k A B . U R
1 AbZE A B AS, LA BB R SRR, T
Ry L ERTT A 52 I, UNZ= e AE 0 F) Bl e v ol 25
% £ fo BT AU LR AR, LT RAFAYFERIE B HH 2RI R
FIFWAER S TG EE 7, Swos BRI A s
ZEV 2345 3E 5 B4 R R XU B RG-S 7K
ARV Tl FE U AR, 42 slifbAs 2 =5y
%A1 Arg-Phe-Asp #l1 Phe-Ala-His-Asp-Asp-Pro AR
DRy, H ABTS F HZEEERFI3 50 81.22%+
4.12% F 76.35%=+3.32%; SIERRA 45 fifgfig 21 % 4k
fo g IFAI IR T A TS T, S5 R, 4T 3~
10 kDa FY2H 453 BAT B b s fbidm . (B LLvK 8]
ZNNER A IR, il A5 A R i A5 ) fef DL FHR A,
Ik, A1 HH vk 30 2 PN E ) 28 A2 0 R, ASACAT
LA SR IAN G PR PSR e 28, IR vk 5
STk i & R BRI 7 ) .

A ST LAVK 502 M IEE S R, L DPPH
FH EE RPN TERR, SR G 28 B A5 vk
S HIZ NPT AE A AR, 3 A B R 2R S0 R Ry T
PRAK 302 P IE B8 1 A1, IT 5P T4
AbWE T L 43T RS AN SERR A Ak, B e R FK
S N E AR T AR R AR AR, I —2P
FRBEVRKEY PSRN L &2 o
1 #RERFE
1.1 MRIEEE

PRERIZNNEE (PR PPIGE . IiEss) W
IR PR A BRA T B A E B (LTS5
JPREE Pl PR B A ZE IR 50:49.9:0.1 &2
FEIIA, 1.2x10° U/g)  JEUZRBEFAHIAA R F;
HIL A (H,0,) . =& L’ (TCA) . &g W2k
(FeSO,-7 H,0) . & bV &k (FeCl,) . 4k 4 1k 47
(K5[Fe(CN) (D . LBk (FeCly) . LA 2R . X 4
FoRHEE  EERMEERFIARAE; 1, 1- 28

HFe-2- =AHFIRPE(DPPH) | 2, 27 -BXA(-X(3- LA T
WEMRIbR-6-TIR ) iR (ABTS) gk d T A fbR)
BB AR T 1, 10-FEHk  JEB R £ H
Sigma vHE]; FHAF  BIRE 4l

FA1004 B 7R g ESPANESE BRAF];
HH AVECR IR KIS w N E s S A R
H]; TG16-WS B &Gl g o fl  BIRE M s =
LT R AT BRAS T UV-9000 B %8S T] WL 4350618
it _EESTHTNES AT FR/AF]; SCIENTZ-18N B EH s
RURTERML T O 2 AR R Ry A R w5 L-
8900 Ml &y F A LR 4 T H A H LA RA
€2695 BIERURAHHHY  2E[E waters 2V
1.2 XWFHE
1.2.1 vKERIZNEAIFEAR S E K5 IR
EFR GB5009.3—2016 H 2% T IIAE ;s FLER T ig
EFR GB5009.5—2016 HILEC Az E7R W Az ; N5 ide e =
i GB5009.6—2016 2 FCAMERIL I A 5 K 5344 FE [El B
GB5009.4—2016 55—3LE ; 2SS BP0
NS AR IS - TR TR AE -
1.2.2 KBRS IEEE AR SRR
RIS RIS . v RIS NIERT AR TS, il
o IV I 92 B8 S v A L SRS # R B 1:40 g/mL
INAZEMEK, ¥ pH 2= 10.0(1.0 mol/L A NaOH %
VAT, BEEHEASTIPR 50 W, % 50 °C, #F4HEE 30 min;
BHIZEZE R, 4 °C, 5000 r/min 5544 F Z5.0> 10 min,
B 1S WVE pH 2 3.0(1.0 mol/L #9 HCI ¥ UEJE ),
TERIRE SF T80, DUHEKBE 3 ¥k, Nk &2 % w4
pH Z (1.0 mol/L 1 NaOH M), BSCaH |
W, TEVRBIFHEE 55 °C, H25F 1 Pa &R, %
PRI 24 h 45 2K 0= AT 08 o
1.2.3 K& NIERAPUEILR Y H A SR
SEUT [T RS E SRR . TG R K T2 Y I AR
FIV T 281K, Bl s — e e BE 10 85 1 B vk, 1A
RGN A, I AGE R SR ARG S, B
TR IR K VB T B A, B i R P 4R A R pH 2%
14, BRSO S wE K S KB 10 min, 2241, 4000 r/min
B0 10 min, Y8 R, B vk 55 2 P4 i AT B
FEY), TR PHEE-55 °C, B55EF 1 Pa &4 F, B
T 24 h 15 2Pk 8 01Z N EE RS -
1.2.4 BAHRZESCK  [EE B IR TR
1% Sl 3000 U/g. pH7.0. BRI 50 °C . B
A1 2 hs S35 IR BT B 2 (1% 2% 3% 4%.
5%. 6%) . JINfE & (1000, 2000, 3000, 4000, 5000,
6000 U/g) . pH(5.5, 6.0, 6.5, 7.0, 7.5 8.0) . EffRiE
JE (35, 40, 45, 50, 55, 60 °C) . BEfEat@E (1, 2. 3.
4.5.6h)5 NHEEFATHREFESL, L DPPH H H
FVE R PP FR AR, F5E 45  EE % DPPH [ ik
T BRZRATRZIR
1.2.5 WL ENRES I FEERE RS R |, [
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fifgfiEE pH7.0, L AR &350 . BOIMRBFE) . C(Hff
fAIEE) . D(EAARTTE]) S [ 285, DPPH H HH L bR
SR AR T, 356 R 2R 5K i W& 1.

F1 WAL A PR S K g

Table 1  Factors and level coding of response surface
experiment
K A R B B Jinfit C Bigfifeili D Filgfift i
(%) (U/g) JE(C) I (h)
-1 3 4000 50 3
0 4 5000 55 4
5 6000 60 5

1.2.6 MEFEHR

1.2.6.1 DPPH FHEIERRMNE St ZHUANG
EUSI I ks RS 2. K DPPH FH 95% 2 BERC i
Ji% 0.1 mmol/L YW, B 2 mL ¥ FE N 2 mg/mL 1Y
FESMAW, A 2 mL DPPH K, 54k 52 )% 30 min,
FE 517 nm ALIEWSEIE (A ) ; 25 I FHZE KA R
e (A s X BB 4H FH 95% £, B 1% DPPH ¥
(A,), FHMEESE 3 . DPPH A HILFRRITHE
NEANT

DPPH H H 35 B (%) = [1 - A‘;AZ] % 100
o, A, HFEER A ROGIE; A, Xt BRZH R SG1E;

Ay HES FALHGIE
1.2.6.2 ABTS HHIEIERREWIE =M SARA-
BABDI 5" (7 A S, eI 200 mL
el 7 mmol/L B ABTS ¥R A 3.52 mL ¥Ry
2.45 mmol/L WIS BREREN, #8775 min 1R2), #EGI
BE 12~16 h, 22 J5 ] 0.05 mol/L i i % £k 22 vh Uk
(pH7.4) F B& A HLAE 734 nm &b 19 W 561 R 0.70+
0.02, B2 ABTS ¥ UK, %= IR E 30 min RPATfH ],
B2 0.15 mL #&E~ 0.5 mg/mL PIFEMIANR-S 2.85 mL
ABTS W RIBA 357, #5610 min, 7E 734 nm
KB FERE S IS A A5 FIZHH 0.15 mL ZE%/K
AR R L I 2 OB Ay, B EEE 3K .
ABTS H HESHRFIHEAXANT:

ABTS [ H1 L5 B % (%) = A“; A

0

o, A HRESREHOGIES Ay s FIZHOGIE
1.2.6.3 FRILH HIELEERARMIE 2 a5
FT VRIS, MU 1 mL 0.75 mmol/L ¥ 1, 10-
FEMP WL, 2 mL 0.2 mol/L YRR £E 2% i (pH7.4) .
1 mL 0.75 mmol/L Y FeSO,-7H,O F1 1 mL ¥ K
1.5 mg/mL FYAE SV WRIES], S5 I1A 1 mL 0.01%
(v/V)H,0, W, 37 °C KWV 1 h, 7E 536 nm &b
52 SO OGIE A s 25 4T 1 mL 28R /KA0RE
PRI E W EIE AL; XTREZH T 2 mL ZEIR /KA
ah Il H,O, MIZE W GAE Ay, R4 E A 3 K. &

x 100

S P LTS R A T
P A IR (%) = H % 100

2
K, Ay HFESREHOCAE; A, S 2S FTZHIROGIHE;
Ay St BRZ G
1.2.6.4 Fe'Z AR 1illE =88 ZHENG 48P
M7 IEES VRS . B 1 mL ¥REESH 0.5 mg/mL (AL
SRS 2 mL 0.05 mmol/L 11 FeCl, ¥ # M 2 mL
0.05 mmol/L WAEMP BRI UIR &), IR 2 15 min,
TE 562 nm AL EROCIH A 254 1 mL 8408
IRAC - R o I 52 W OEME Ay, BRI AE T E 3 K.
Fe> 56 BT A U T
Fe 5 %.(%) = % %100

0

2o, A IR Ay Es HEHBOGIE .
1.2.6.5 BFEJIHNE SR YOU S5 1y 7 k%
Ve, B 1 mL ¥#E M 1.5 mg/mL REIER S
2.5 mL 0.2 mol/L HYBERRELZE vk (pH6.6) J2 2.5 mL
1% 19 K5[Fe(CN) ] %, 50 °C 7K Z8 20 min,
FHEEH, FEINA 2.5 mL 10% [ TCA ¥4, 3000 r/min
B0 10 min JEE_EVEW 2.5 mL, il A 2.5 mL f97%
AKX 0.5 mL 0.1% [ FeCl, I, 157, R
10 min, 7E 700 nm ZbME M SGAE, FIZEIR/KIEE, &
HIE 3 K.
1.2.6.6 Sr T4 mmiileE  ARIEMARER ik
WEAEME PR . Bl il B2 A 10 mg/mL AYRE R IE W, SR
JH Waters 503 AH AT (L 2489 ERAMGIIZS ), X
PSRRI 5y TR AT A TN o IS AF R ik
. TSnglG2000SWXL( 300 mmx7.8 mm, 5 um);
TshAH: ZRE-7K- =R 45 = 55 = 0.1(v/v/v); Kl
P 220 nm; HiiiE: 0.5 mL/min; 4 75: 30 °C; #EAE
%+ 10 uL,
1.2.6.7 ZIEMA AN E 2R 697
MRS, FREX 0.05 g FEM TR, ILA 10 mL
6 mol/L [¥) HC1 R4, LR AR SSEET, 78 110 C
T RIKSf#R 22~24 h, KRGS R uEF B aliK 2
25 %2 50 mL, HUE 3 8 W A 0.02 mol/L HCI #i B
54%, Sdmimad 0.22 pm EEMEEuE EAE, 4 H
B S L0 53 AT SO 7 Bk L2018 LA A 24 2R

£, Z20I 1 I i 2 BRI 452025 (1) 7 T AR A 4o
FrvE I e 2l HEBMFRIEL 10 mg L-(A 2R, Il A
0.1 mL 10% NaOH FI/bE /K f#HFFEZEZE 100 mL,
B 0.2, 0.4, 0.6, 0.8 Fl 1.0 mL & BRIF W FH453- 5 FH
FEMWEKEZARZE 1 mL, il 1 mL 6 mol/L ) NaOH Hl
5 mL 1% X 2@ IR 9 mol/L fRBREsfi#), 12
], BEYGEROB 1 h, SILA 0.05 mL 0.2% NaNO, &,
L), SR ACE 30 min £, DS A E, 1F
595 nm AW E 2R WO GE, A5 bR rERTZ DT R Ry
y=7.9317x+0.0195, R*=0.9981 ,,

FESRISE . BGE AL S BT 25 mL KEE, i
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5 mL 6 mol/L NaOH ¥, 110 °C /Kf# 24 h, 7€ /K
AR, VA5 pH6.0~8.0, FFEAR 2 100 mL., HL 2 mL
IEWOR AR ZEE T, A S mL 1% X 2 5ok
RS, ¥62) . B E 2 mL B A 5 mL
9 mol/L H,SO, fEFESAS 1, #55), REGIN 1 he 1]
AR A 0.05 mL 0.2% NaNO, i, F12, =5
VECE. 30 min, DIFESHZS FYAZS, 7E 595 nm AR
FE SRR WG
1.3 B

% IBM SPSS Statistics 21 Z{4-%F BA K 28 5256
25 R UEAT W 3 vk 22 5 4 M SR Design- Expert
L1 FRAAEA T 5 TR S8 BT AR 53 M T S 56
YE A 3 UK, S KBS LAV P (E R 1 22 (X£SD)
PR
2 HRESH
2.1 EAEBS O

3 UK S I 2 N T K 433K 3] 87.04%+0.21%,
HoAth =2 ER . 285 BRI . K053 R
A ELBIan 2 .

K2 UKE RIS N E A A o3
Table 2 Basic composition of Cucumaria frondosa visceral
mass

3% HEH ZHk fig i W5y
TE(LITHIT, %) 48.54+0.11 4.90+£0.02 26.68+0.07 13.16+0.04

22 BEESE
2.2.1 JEYBESTECT DPPH H i 35 B R 0 s2 i
L1 AT, YW R S BN 1% B8 E] 4%
ist, DPPH [ H 375 BRR 35 1 TH(P<0.05), B IS
YIS SRR RGN, B S R4S A ROPLE R, AT
B i PR R, /N PO AR IE PR AR S I, PR
AR Ptk 25 R 5 IR TR R S B 4% i, DPPH
F RIS R 38k B B A 88.67%; AkLEIe e 5t
440, DPPH [ 31 BRSR i 2 R R (P<0.05), iX
I HESE A T i o B v i, 2R K I Ak 35

90
&85t

# 80}

&

Az 75+

b

ET70}

I

T 65
&

8 60f
55

2 3 4 5 6
ML 53K (%)
B 1 JRYIR RSO DPPH 35 B AR IR
Fig.1 The effect of substrate mass fraction on the scavenging
rate of DPPH free radicals

T ARVNG PR3N 38 122 57 (P<0.05); &1 2~ 5 TRl

T PEAR 2%, SR B AS 58 4, B R REAIR, T
SEATE IS

2.2.2 JinfgEXT DPPH A HILERRAZEN  hE 2
A, S INEFEETE 1000~5000 U/g 22 [8] 28 it b,
DPPH H &4 BRI 3 LI+ (P<0.05); Sl
Sk 5000 U/g B5f, DPPH [ Hi 2 95 5 5 ik 31 B K MH
83.21%; kSt N, DPPH [ i 3&iE MR B3
TRE(P<0.05) . TENCH) 0T i 504802 1, TN A
1000 U/g ¥4ingl] 5000 U/g, BF5EPiEise 4, FHH
Tt 7555, PUAEAIK S BB, PraE G PR, i
o2, B S EPE G AL SR B A, SR e A
JRAIPTEALIK, PrE LTRSS o

0 1 1 1 1 1 1
1000 2000 3000 4000 5000 6000
SR (U/g)

K2 it DPPH [ 383 BRS04
Fig.2 The effect of the amount of enzyme added on the
scavenging rate of DPPH free radicals

2.2.3 pH %} DPPH H HILWERFRmEm  mE 3
AIHL 24 pH 4bTF 5.5~7.0 YERFEI AT, DPPH H 3L
BRRBE pH B ANTIHE R 24 pH 2y 7.0 If, DPPH H Ho
95 BA R 8 B B K MH 68.35%; Y pH #B it 7.0 i,
DPPH H H3EERRBE /N B AMESE pH
YU AT LR FERAE I B8ORS w231
Bt 1V S5 FE NS, S B AR RN, PLAE TS
PRV o

~
W
1

~
(=
T

a
b
d ;/i\i d
- :/ — \i

(=) (=]
(=) [
T

DPPH [t 505 B % (%)

W
(=

5.5 6.0 65 70 75 8.0
pH
&3 pH X DPPH A ML FRR A0
Fig.3 The effect of pH on the scavenging rate of DPPH free
radicals

2.2.4 EEHEIEEEXT DPPH [ 1 3E7ERCRAVET  H
&l 4 AT, SEHEIRE AR 35~55 °C Z Al Wik,
DPPH H H3IHERREE FFH(P<0.05); 2MBHHIRE N
55 °C. i}, DPPH H HFEEFRFIA BT AIH 84.86%; 4k
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LepE R, DPPH H L& %3 M RE(P<0.05),
TR RAIRET, WA SR AR, Wi S N AR, Prafb
PR ES; BE IR G, A Bh 2 P S 2 A
PR, I e i e, s Abais P i
R s, WSS R T, S A SR
A2, TR A SE /KA PrEbTE /Ny
TR, PrEfbim s .

a

gSS- b
s g0} S

35 40 45 50 55 60
iR (C)
Bl 4 Rl DPPH H 3L TE BRI 7
Fig.4 The effect of enzymolysis temperature on the scavenging
rate of DPPH free radicals

2.2.5 [EfEAtAXT DPPH [ H2E7E SRR 05 H

& 5 al g, SEEFEEHE M 1 h 3¥EnE 4 h i), DPPH
H B IRE R R B L FH(P<0.05) , FERBRHH SN 11 Bl

LR FE R, B E R e, 8 RS2 WK i s

HAPUEATE /N TR, PrEAbrs g o i

fEEBskE] 2 4 h B, DPPH A A G5 B 2% 8 2 i B
78.25%; AkLEG IRt E], DPPH [ Hi 3L R

E TR (P<0.05), Bt a1, JIRMIAS 7R /2, AT

T EE KA LA BT R AR, 2 T E G AR AT

R PUREATE P 8 IRk 2 A R, b Lhh

PEURSS o

DPPH [ Hi JE/EBR % (%)
o = < )
o S & 3
o
o

(o)
(=]
T

wn
(%

2 3 4 5 6
] (h)
Fs TR DPPH F i 3505 BREE AR R
Fig.5 The effect of enzymolysis time on the scavenging rate of
DPPH free radicals

2.3 MEEIREER S

2.3.1  maay TEREG BT R AR AR B N EE S S
L, UL AURY) R E 550 - BOIBEED) . C Rl i 7k
) . D(Eff#Rsta]) 4 [ 28 &, Y(DPPH [ H 2575 R
) Shymig AR, FEERE U2 G T N TS, a8y
EHERNEE 3.

®3 ML ARSI AR

Table 3 Design and results of response surface experiment

A= Y DPPH H i 3Ei5 5%
RIS ARG | C A D ks
Ve ORE

1 0 1 0 -1 75.74
2 0 0 1 -1 81.70
3 0 0 1 1 83.26
4 0 -1 0 1 83.09
5 -1 0 0 -1 78.08
6 -1 0 0 1 75.09
7 0 1 1 0 82.35
8 0 0 0 0 89.96
9 0 -1 1 0 78.82
10 1 -1 0 0 82.57
11 -1 1 0 0 74.89
12 0 0 0 0 89.89
13 1 0 0 1 85.63
14 0 1 -1 0 71.31
15 0 0 0 0 88.87
16 1 0 0 -1 79.64
17 1 0 -1 0 82.80
18 0 0 0 0 88.59
19 -1 -1 0 0 76.82
20 0 1 0 -1 78.13
21 1 0 1 0 84.39
22 0 0 -1 -1 76.90
23 0 -1 0 -1 78.17
24 0 0 0 0 88.31
25 0 -1 1 80.39
26 1 0 0 79.68
27 -1 0 -1 0 72.37
28 0 -1 -1 0 80.21
29 -1 0 1 0 81.50

232 WM 7 225307 I Design-

Expert 11 %134 3 G5BT BT 5P, 755 ik
Z I A= 5 R

Y=89.12+3.00A—1.47B+2.34C+1.28D—0.24AB
—1.88AC+2.24AD+3.11BC—0.63BD—0.48CD—4.69A>
—6.15B>—4.38C*—4.40D%,

% 4 A0, F58 P<0.0001, FEn 2R 22
B3 IR P=0.4261>0.05, A~ 35, 1B A&
FRBELY, P RUE B BRI R R7=0.9863, 1%
IEREL R 4 4=0.9726, UL IR EE RS i 45 51
— e R, BRI, R2E8R00N, TR HIZN
A A AR =4 DPPH H FhR L3 B3R A0 40 A A T
P FAE AT, 25 B2 UK S i 2 o B A A 7=
DPPH H fH 3L BREREEZ IR A 2+ A R R &
530> CHRIERE > B Onfi=)> D (WE#ATTE]) o
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SRS, 1 HARYE i e B BEUS AR B m] LA
Y, R 43 B0k DPPH [ H L3 56 335 14 2 i) £t
R, HUOR F i vRLURE L Nl L, FEfRE [EI X DPPH H
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Table 4 Analysis of variance of the regression model
FERE CFHM BEE ¥Ur FfH PH  REM
B 70981 14 5070 7208  <0.0001  **

A 107.76 1 107.76 15320  <0.0001 o
B 25.75 1 2575  36.61  <0.0001 o
c 65.52 1 65.52  93.15  <0.0001 o
D 19.66 1 19.66  27.95  0.0001 o
AB 0.23 1 0.23 0.33 0.5762
AC 14.21 1 1421 2021  0.0005 o
AD 20.16 1 20.16  28.66  0.0001 o
BC 38.63 1 3863 5491  <0.0001 o
BD 1.60 1 1.60 227 0.1537
CD 0.93 1 0.93 1.32 0.2692
A? 142.88 1 142.88  203.12  <0.0001 o
B’ 245.59 1 24559  349.15  <0.0001 o
c? 124.20 1 12420 176.57  <0.0001 o
D? 125.48 1 125.48 1778.39  <0.0001 o
B 2% 9.85 14 0.70
PRu 7.55 10 0.76 131 04261 ARFE
4R 2.30 4 0.57

A 719.66 28

e * RN 2 57 W (P<0.05); **F£ R 2 F 4 0 3 (P<0.01); R*=0.9863,
R, =0.9726,
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Fig.7 The effect of the interaction between the mass fraction of
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SRR i) B Al T 25 S IS B B 535K 4.373%, il
fiff & 4887 Ul/g, Mfffi i 55.66 °C, ffFfEitla) 4.22 h,
Tl DPPH [ FH BRI BRFEN 90.03%. 1F S i
TN A THIESE S, S B, IR EE S IS
JRE ST 4.4%, JINlEE 4887 U/g, B IRE 56 C,
BEfFEETE] 4.2 he AT 3 IREGNESLES, G55 4n=k 5 jr
7, 13800 DPPH H HH SRR 89.18%+
0.11%, S54RI T AE {4 A X R 22 02 0.95%, 1AL
#5502 AR, REfS A AL i T. 224514
WeAh, FEfc AR T 25 F ARt AK, 0.5 mg/mL
FES T ABTS 3635 B Fe 25 6 R 53 51
68.11%+0.12%. 72.59%+0.08%; 1.5 mg/mL ££ i 14
FEHE A UG R ANE I T Ay 53528 71.86%+
0.09%. 0.7473+0.0105, R B H B &5 & YA b
£S5 HUEALIIE T M

Table 5 Evaluation of antioxidant peptide activity

PUA AR Hfi

DPPH H H 5357 %.(%, 2 mg/mL) 89.18+0.11

ABTS H B335 B35 (%, 0.5 mg/mL) 68.110.12
I [ R FITERR R (%, 1.5 mg/mL) 71.860.09

Fe* #4% (%, 0.5 mg/mL) 72.59+0.08

WJF S (Azgg, 1.5 mg/mL) 0.747320.0105

24 DTFESH

FHIE 9 FE 6 Bl 1, vk 2 N AE BT &AL Ak
F1 - F KT 1000 Da FIAK 5 94.26%, 4+ F 2 AILF
500 Da MK 5 83.86%, Uit HHAE B AEREMRE 1. 22T BEfE
ORI, AR BN FARR SR . IRE R 5
PrEALRE 1 S AR WIAE DG, 43 F i 7E 500~2500 Da
SRR EL 2 K B T sR iy prEfbae 1, - FER
200~500 Da Py JKEk — k5 A2 FLPRAH Lh 2R 30
HESRAIPTEALHE I PRk, FEM K 302 P ]
PrEACRTEE H BIPLEALRE 1 5 HB RIS F 255
AR
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Fig.9 Chromatogram of molecular weight distribution of
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antioxidant peptides in the visceral mass of Cucumaria frondosa
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Pigy P 2 R i R L e s e LA 2 S
LB BT RWE MR YA EE T, XHIKBTEfLEE T K
N —E BN R T A B SE A T AR AR R LA A,
IR a P E ALK P Y Glu 2R3, Ho 4 w28 61F
JHE Z KB A R AP b G P2, a3k 7 7]

K6 IKERIZNIEA SRR TR A 45 5R
Table 6 Results of molecular weight distribution of antioxidant
peptides in the visceral mass of Cucumaria frondosa

ST AFIE(Da) W Il (min) WY W%E:’”"ﬁt“

>5000 14.877 48801 0.36
5000~3000 15.680 112866 0.87
3000~2000 16.197 145547 1.13
2000~1000 17.055 437342 3.38
1000~500 18.299 1343378 10.40
500~189 19.827 7120908 55.10
<189 20.833 3714921 28.75

T, YK W= BT A IR T R P 2 R R T 1

B, IR IR 29.68%, Hirhr, Glu & des, o
FHLPR B 18.87%, XTAKAPTEILEE A —&E 5T
Mk WHFSTEREH, Bk S IR AP LS LT B
P B v, XA IR B ThiE Ak kR T B R
3, M H R AR e DR RS R AR AR R,
XoFIR BR B R SRR A AR BT A A AR A E R, £
HOU K p fifff 8 Y P A 2] B BRI E & Pro.
Met., Val, Phe. Ile. Leu. Trp &% i /K 1 & 3 R ;
UMAYAPARVATHI 8652 pAgtf5 v 43 g alifb i =
PPt LIRS &5 Bk MRS IERR, X DPPH H 3k
HLA SRS REE ST o vk = POAE T HE R H B
PrEAC R & K m BB K PEZ R (40.27%) , fi
VK = N E BT BT A AL AR BT BRI P A b TE T .
FH AT, VK a2 I IE BT AR IR SR L A885m 1T

#T VKRS N E TR AR EIERR A A
Table 7 Amino acid composition of antioxidant peptides in the
visceral mass of Cucumaria frondosa

GRS (%)
KA (Asp)® 10.81
IR (Thr)® 6.12
22532 (Ser) 6.20
HHEFR(Glu)® 18.87
HERR(Gly)* 10.01
AR (Ala)® 8.23
EezR (Cys) 0.25
AR (Val)* 471
R B R (Met) ™ 0.72
Fse AR (1le)™ 2.59
SR (Lew)™ 4.59
fi% &R (Tyr) 1.37
AN R (Phe)™ 3.28
J6 22 (Lys)* 8.28
2% (His) 1.43
AR (Arg) 6.40
it 22 (Pro)* 3.00
R (Trp) ™ 3.14
TR IR 33.43
PRt S LR 29.68
KPR LR 40.27

s a: T EFERR; b: FRMEEIEIR; o BUKPEEILR o
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AWTFELL DPPH H H 3EHE B2 I FE b, 18
Jab L PR 2R S AN 7 TV DA A 3 52 5 2 1 T
VR N2 N IE A ) A e AR I e A2 T 25557 IS
TR 538 4.4%, TN & 4887 U/g, pH7.0, FilffiF i )3
56 °C, BT[] 4.2 h, t A 20 A B 2 1
DPPH H i 3L iE KRR N 89.18%+0.11%(2 mg/mL),
ABTS [ 1 R 35 B R 68.11%+0.12%( 0.5 mg/mL),
FRdk P LW R RN 71.86%+0.09%( 1.5 mg/mL),
Fe? #5438 K 72.59%+0.08%(0.5 mg/mL) , i 5 JJ
4 0.7473+0.0105(1.5 mg/mL) . BLAb, 43T B4
N FEMREE TR, VR RZ N IERTST AR 531
KT 1000 Da Ak 5 94.26%. KT 500 Da i1 ik
i 83.86%, KBS A/ N TARERSENR, I HLR P2k
W2 . B /K PR SEIR & i w200 o AR IR Y
29.68% Fil 40.27%, ‘B~ i RAFAIPTEALTETE. A0t
TR WA DK A ) 23 PN I AT A5, 1 ) e P A A g Tl
AR PR T B RS, A UK S RSN T B
BT A SEETT 0] .
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