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Abstract: [Objective] This study aims to analyze the nutritional components of Holothuria leucospilota body
wall, optimize the preparation process of Holothuria leucospilota oligopeptides, and evaluate their antioxidant
activity in vitro. [Method] The basic nutritional components and amino acid composition were determined via
national standard methods. Through protease screening and single-factor experiments combined with orthogonal
design, the conditions for enzymatic hydrolysis were optimized, with the polypeptide yield and relative molecular
weight distribution serving as evaluation indicators. Antioxidant activity in vitro of the obtained oligopeptides
was assessed based on the free radical scavenging rates and Fe*'-chelating ability. [Result] The body wall of

Holothuria leucospilota (on a dry basis) exhibited the highest crude protein mass fraction of (64.59+9.45)%. The
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conditions for enzymatic hydrolysis were optimized as follows: hydrolysis with 3 000 U/g alkaline protease and a
solid-to-liquid ratio of 1 g: 11 mL at 70 °C and pH 9.5 for 3 h. Under these conditions, the polypeptide yield
reached 75.75%, with over 98.00% of components having the relative molecular mass below 2 000. The ICs, of
the obtained oligopeptides for scavenging ABTS" free radicals, scavenging hydroxyl free radicals, scavenging
superoxide anion free radicals, and chelating Fe* were 0.93, 0.51, 8.97, and 0.40 mg/mL, respectively.
[Conclusion] The body wall of Holothuria leucospilota is rich in high-quality protein. The established enzymatic
hydrolysis process is efficient and feasible, with a high polypeptide yield. The obtained oligopeptides of

Holothuria leucospilota demonstrate strong antioxidant activity, serving as a potential raw material for the

development of functional foods.

Keywords: Holothuria leucospilota; alkaline protease; polypeptide yield; oligopeptide; antioxidant activity
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Table 1 Hydrolysis conditions of different proteases

| A pH i /°C
B R 9.5 50
T 7.0 50
] 7.0 50
AR 1 il 6.5 50
o 2 11 i 8.0 45
EREAEL 3.0 37
AR Rl 6.5 53
HEEA R 548 pH 55

BE3IH|20206F 28 | BRE5EMHARER

¥ RHE KR

K P B R OK R R R i S R B & K 2
AR K, UL 2 K13 A VE M FR b5, 23 3 E A il
fif 5 B (40.50.60.70.80 °C) i filt pH(7.5.8.5.
9.5.10.5\11.5.12.5) i fif i 18] (1.2.3.4.5 h)
fiff & (5001 500.3 000.4 5006 000 U/g) kI bk
(1g:3mL.1g:5mL.1g:7mL.1g:9mL.1g:11 mL.
1 g2 13 mLOX} & 2 ¥ 2 1k BE i fift 20058 0 52
13.6 EXRiXK

T HRRRRRA R, e B 1 gl 11 mL,
X g f# IR FE (50,6070 °C ) | fi§ fi# pH (8.5.9.5.
10.5) i f# i 18] (1,23 h) AN & (3 0004 500,
6 000 U/g) ¥ it 1Y Al & = 7K F Lo (3 [ IE 28 ik 5
PL 2 Bk 19 R VAN F8 b, B0 I AL BE AR T2
13.7 3B ENE

Z M SCHRL12-14019 773, R =& LR -
i MRVEN E 2 IR 19 2% . FREL 100.0 mg [ 2 & . -
LHEMR-CHMR, FHAiKER R 10 mL, 15 3 i &
W EE N 10.00 mg/mL ) bR #E 50 BEWR . 4 il 7% X
0.10.0.15.0.20.0.25.0.30.0.35.0.40.0.45.0.50 mL
(0 A5 il BER A &, 4l KA 2 % 1 mL,
N 4 mL X4 IR AR 57, V8 A 3950, ) B 30 min J5
T 540 nm 40 W 7€ WO S 2% il b o i 2k .

B — € 2 1 B AR 0 N S5 R AR 0.10 g/mL
M= W, IRE¥2] 5 E 10 min, T 4 000 r/min
20 20 min, X 1 mL EiE W5 4 mL 345 ikl 57 TR
A ¥%5],# B 30 min J5 T 2 000 r/min & 0> 10 min,
B b 98 WAE 540 nm AL & W 6, BL 1 mL
0.05 g/mL = 50 £ & Jin 4 mL XU 45 If 3R 751 v 25 3 %
R, AR bR Al 2R T B 2 IR B R A 2 KA R
1.3.8 A8 5F B2 49 %0l e

K GB 31645—2018 " [ = 2 HE B 4 %
RV AR AR KT > TR R A . B AN
TSKgel G2000 SWXL(300 mmx7.8 mmx5 pm) , i
AR O -K-=8] & 8BE R CHE R
40:60:0.05) , k& M % £ 220 nm, i & 0.5 mL/min,
FEUR 30 °C, HERE B 10 pLo A5 dE 5 A1 RE 5 35 F
AR H], B 0.22 wm F I8 it 958 s 0 5
1.3.9 4RI A AL F M 2

ABTS'H H ££75 % 2 8 GB/T 39100—2020
O 7R I e Bk RS T B A R ) AR E
T bR 2 B DT sk B AR

1.3.5



Vol. 45 No. 2

P 2 1 I %6 2 BRI AR A S50 0 O v v
1.3.10  %it 54

B iR 50 3 AT 3 IR E AR, 45 R P35+
bt 2 %ok . K SPSS 20.0 #E4T S8 iF 0 i, R
F BRI T 200, P<0.05 R EZ R B3, ExR
55 % 1K F Minitab 19 844 , 3 H Origin 844 1 B
2 RS
21 ERBBUBEXEFRANN

1 | 2 2 4k BE 2 b, f B B R & 8
B 15 5 15 (64.59+9.45) % , Ho k& K 43, R g iy A A
B R A UG, W 2. X5 B A TORE (1)
RS & A K oy — B A B
CHLEE A 52.90% , 2K 43 36.80%) 7 1 — /& & 5 ;
U SR FE Hh s 2 9 TR N 5 U 3 (HCR R Y
AFEARESFBRZSFHMETEREZ —. I
Ab s AW 50 I A3 1 IR 43 45 5 AR FL SRR E 1)
BTSRRI K 2 i 2 4 BE IR 43 T & 47 $0(22.20%)
BN RO B ST T B 2 30(57.60%) T K T
AW . 5120 WLKES ML, £ 21F S kEE
& AR & o B F b S OKCE KT i R
(81.20%) « #& & 1 #ll Z (83.66%) « K & H| &
(67.71%) 1B 57 7 I 21 2 (68.40%) , & T 10 & #l
2 (64.67%) HMEAE 2 (55.20% ) % HoAth 8 Fh iy 202,
Z 0 2 (0 K 4y i & 5y B T 10.00% , 3% — B
ST fig 5 A S IR B R A O 4 ok A5 IR
KW REEREBSHERANRES BHAEAS
TR R AR A%/ o 2 IR AR o R
22 ERBSHERERARNN

MR 3 AT LUE W, RIS R BE T 5 b i s

v N

[ (total amino acid, TAA) i & A
(63.49+6.79)%, 5 HH & A il i 45 R A — 2, 3%

Bt 17 R R R P25 4. o iR U
MRAERKXATER SRR KREEKR AR

R2 EEBSHEBELERES
Table 2 Basic nutritional components of the body wall of

Holothuria leucospilota

i bx W R B/ (/100 @) kR A U %
Ko 89.10+1.35
LA B 5 7.04+1.03 64.59+9.45
LR D7 0.50+0.11 4.59+1.01
HbE <0.24 <2.20
KAy 2.47+0.40 22.66=1.05
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Table 3 Amino acid composition of the body wall of

Holothuria leucospilota

0B 3k o 5 Ry K B LiE
o R AR 3 PR B B + f'jli
(g/100 g) 75 80%
SRR 0.37+0.12 3.39+1.10
AR 0.3140.09 2.8440.83
PUERNivy 0.31+0.09 2.8440.83
U, a1 0.23%0.06 2.11£0.55
W T R o
DiEicd 0.36%0.13 3.30£1.19
RN AR 0.22+0.07 2.02+0.64
AL AR 0.13+0.06 1.19+0.55
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REARR 0.71+0.19 6.51+1.74
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B’ 1.03+0.22 9.45+2.02
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W R 0.58+0.13 5.3241.19
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Fig. 1 Standard curve of glycine-glycine-glycine
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Table 4 Yields of polypeptides obtained from the body wall of

Holothuria leucospilota through enzymatic hydrolysis

with different proteases

=] EZINGEIA
R £ 50.91+0.73%
R A A 52.00+2.31°
PN S Q] 35.52+2.00°
W EE AN 46.15+4.51™
AN R B 47.87+4.38"
EE4=1 37.49+5.88¢
i £ 1 i 52.00+0.63"
H&EA 44.16+1.91°

W R BIAS [F)/N'5  BE R OR 22 7 35 (P<0.05) 6
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Table 5 Relative molecular mass distribution of products

obtained through enzymatic hydrolysis with different

proteases
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25 BREZEREER
251 EEREEENSIKEEYG YA

[ 7 G At e TR 3%, 5 5% I AR IR R N 22 K 1S
R, W 4. B A BT A 2K
R ERTEE R EHE . 50,6070 °CHI 1)
Z A3 KB AN 66.33%65.42%66.57%
80 °C I 2 JIK 19 2 ik , I 5 60.68% . {E i H i
FE 56 B P, T o il BE T B2 0 G SR A 4 R
RE R, AT 0 B e S %65 T R RE I e 4 A UR g
MM L TLEESRWEERESE G, &
SHMEZHRER TR, SREH, EETEEEE
Y, T I B AT PR e B R L 2 KA R
SN 4 R R SN I (R] B R AR JE R 70 °CHE N
S 8 o TR 2% R 56 ) T A IR

70

[ e
[SEER=Y

E2INEE D
5

40 50

60 70 80
Fit ik 2 /°C

AN NG R 22 57 35 (P<0.05)

B4 BpARE A S IKAF R R
Effect of enzymatic

polypeptide yield

Fig. 4 hydrolysis temperature on

252 BEfpHM Z KA E WA

It 72 L Ath Bl A 2% 1, 25 22 AR pH X 22 IR 1S 56
sz, WK 5. A pH &M T 2 K15 2% % 7 ¥
i, pH 8.5.9.5.10.5 i ) 2 Ik 1% % & # & T pH
7.5 115 125 BF 1) 2 k19 % . Bl M R A g £E pH

A 8.

E EF: IRESRERNFEREKMEMFESN

5~10.5 I, 36 1 oot 23 18] K UL AR E L W B AL

SRR R A AR R, pH I &
BT K 2 5 B 4 T 45 0 R AR e A, 1 i S 1
B E R0 . 45 SRR W], pH 9.5 &b T fx idi pH i
B ) A TR0, HL 22 KA 36 f o, DS O ok 4% 196 % pH
9.5 k4T J5 2L 5 R Z 5

Fig. 5

253

5
f=}

ZIRAFE%
z

20
10
0
7.5 8.5 9.5 10.5 11.5 125
Fgf#EpH

AN NG R RR 22 7 3 (P<0.05) 6
B5 B pH A % ik /35 8 ¥
Effect of enzymatic hydrolysis pH on polypeptide yield

ho B8 3 B KA F YRR
[l A A iy At 2% 11, =5 5 0 Bl B %t 22 R4S

sz, W 6. fE— @ Y0 W, 2 K15 2 b6 0 i
IR LTS . SN RN 4 500 U/g i,
2 K13 A 15 59.19% 5 4k 4238 1% 6 000 Ul/g,
ZIRAEMA TR SRV =REH S T 5
(6 Ak e T B, Dl & 5 R N e 2 OIEAE G, 2 Ik
73R B 2 s 2N B e, 2 R R — 25K
il N, BUE 2 IR R TR 45 b kB
fiff B 4 500 U/g #E47 Jo 22 B DA 3 i 56 o

2.5.4 BfRE A X B KT E 6 YR

[ 5 L At Bl 8 2% 1 5 25 5% I AR I R) X 2 Bk A

I, W 7. A B AR T 3Y], 2 AT AR B R

70
o\\°
o
=
R
500 1500 3000 4500 6000
InEEEE/(U/g)
AN TR R 22 57 0 3 (P<0.05) 6
B6 AwEhi st % kg E 0 ¥oh
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Fig. 7 Effect of enzymatic hydrolysis duration on polypeptide
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Fig. 8 Effect of solid-to-liquid ratio on polypeptide yield
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Table 6 Results of a 4-factor, 3-level orthogonal experiment

i /°C I 17 /b (Ulg) (GEND
1 50 8.5 1 3000 65.74
2 50 9.5 2 4500 65.91
3 50 10.5 3 6 000 63.62
4 60 8.5 2 6 000 64.45
5 60 9.5 3 3000 66.22
6 60 10.5 1 4500 59.09
7 70 8.5 3 4500 66.99
8 70 9.5 1 6 000 66.15
9 70 10.5 2 3000 63.87
K, 65.09 65.73 63.66 65.28
K, 63.25 66.09 64.74 64.00
K, 65.67 62.19 65.61 64.74
e % 2.41 3.90 1.95 1.28
52 e I B>4>C>D
R TZ A,B,C,D,
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Fig.9 ABTS" radical scavenging activity of oligopeptides

from Holothuria leucospilota
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Fig. 10 Ferrous ion-chelating ability of oligopeptides from

Holothuria leucospilota
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Fig. 12 Superoxide anion free radical scavenging ability of

oligopeptides from Holothuria leucospilota
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