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Preparation and characteristic analysis of antioxidant
collagen peptides from turbot skins
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ABSTRACT: Objective To prepare antioxidant collagen peptides from turbot fish skins and analyze the
characteristic. Methods Based on the single factor experiments, the enzymatic hydrolysis conditions of fish skins
were optimized by response surface methodology, and the prepared collagen peptides were separated by G-15 dextran
gel chromatography and tested for in vitro antioxidant activity. Results The results showed that the most suitable
enzyme in the enzymatic hydrolysis process was neutral protease. The optimum technological conditions were
determined as follows: the enzymatic hydrolysis temperature was 52 °C, the enzymatic hydrolysis time was 338 min,
the amount of enzyme added was 1142 U/g, and the pH of the reaction system was 6.7. According to the optimum
conditions, the free radical scavenging rate of turbot skin hydrolysate was 34.44%, which was closed to the
theoretical value. After chromatography separation, antioxidant component TSP1, TSP2, TSP3 were finally obtained.
The best antioxidant component among them was TSP3, which had strong hydroxyl radical scavenging ability,

ferrous ion chelating ability, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity and reducing power.
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Conclusion This study provides technical reference for the exploitation and research of turbot and other fish

polypeptides and the high value utilization of fish by-products.
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Table 1 Feature values of 3 proteases

ity 14 2 il /(U/mg) g/ C pH 18
H & 3000 37 2.0
e el 60 50 7.0
JER R 1 250 37 8.0

226 HRRAZEE

i 1 H B T A 1) R AR R VS, O TR T
Tl AR, ANBIESE 4 BB T DA A 1) | R
pH {B . DAS it oA B — BRI A, DAZK S B AN )l
S CRESE oAl Eisg AN NS | S

) AR 2R S 35 AR PSR 43314 40, 80, 160,
240, 320, 400 min, HABZEME: JBEE 50 °C, N 4000 Ulg,
pH 7, B4 3 KF17.

TR PRI S I E A IR 4251 30, 40, 50,
60, 70, 80 °C, H:Al£&fF: W] 338 min, fiNfEHE 4000 Ulg,
pH 7, B4 3 WFAT.

pH BRI R K: REFfFAR pHAE I 4.5, 6.
7. 8. 9. 10, HASMF: BHE 338 min, HEE 52 °C, MG
H 4000 U/g, &4 3 IFAT,

Joe e R DR BS54 5108 0. 1000,
2000, 3000, 4000, 5000, 6000 U/g, JLAth2&f4: HtA] 338 min,
JREE 52 °C, pH 7, H4H 3 KFAT.
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#aik R FRAR S mL, £ 30 min EE—ES TR R, £
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2211 HABESAH
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SPSS Statistics 22 XJ ¥4 17 . M50 (one-way analysis
of variance, one-way ANOVA),
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Table 2 Factors and levels of response surface design
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HERTHEE, S5 1 B . e R I Tl A SR F AT
LB B KR EESA R T 11.60%, HE EmTHEA
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Fig.1 Effect of different proteinase on hydrolysis of fish skin (n=3)
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Optimization of enzymatic hydrolysis conditions (n=3)
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Table 3 Technical parameters and results of response surface

experiment

i ' X X, X X, Y1%
1 0 0 1 1 36.64
2 0 -1 1 0 25.44
3 1 -1 0 0 24.72
4 0 1 0 -1 2891
5 0 -1 -1 0 20.85
6 0 0 0 0 14.11
7 0 0 1 -1 41.17
8 1 0 1 0 14.30
9 0 0 -1 -1 16.58

10 -1 0 1 0 5.01
11 0 -1 0 1 25.85
12 -1 1 0 0 13.86
13 -1 0 0 1 18.56
14 1 0 0 1 8.18
15 0 1 1 0 29.04
16 0 1 -1 0 12.22
17 0 0 0 0 17.10
18 0 0 0 0 23.20
19 0 0 -1 1 33.48
20 0 0 0 0 10.82
21 0 0 0 0 27.66
22 -1 0 0 -1 26.87
23 1 0 0 -1 26.29
24 -1 -1 0 0 14.49
25 0 -1 0 -1 13.21
26 1 0 -1 0 17.07
27 -1 0 -1 0 29.17
28 0 1 0 1 26.52
29 1 1 0 0 24.78

X SEIBOE AT MUHLE IS, B HIEER RO
EEpg:E

Y=-894.35766+9.90307.X;+0.80326.X,+0.028469X;+154
.70251X,~7.00510E—003.X.XX>,—6.09573E-004.X,X;+0.01927
4X,X,~2.10867E-005X,X;-0.015789.X,X,+2.7431 6 E—003.X,.X
+~0.067247X,>-4.58681E-004.X,°-3.58525E—
006X;5°-11.42285X,2

XoF R R FEE bR A AL A T 22408, 4RI
F 4 ZBREET P<0.01, ZFHEE, RV P>0.05,
B, RONZAERI T DL T K32 67 6 57 Wi 1. 2 5550 1 4
MR . ¥ @t IEIEBRR BRI Jr 20 R X,
XX 2 AR R FEEM, X KX,

X 2 AN RTE LB I N XA B35 . S8 H I XX
XA R R, R ARE . Rk
X2 RFR R BT B A, X0 R R
R AR R B3, UL RS 2 [ oy 0 B A 4 i O
AT AR IEDC TR X0 X% XK AR BE RS AN (8.3
HIZRH FAE AT AT, 4 A4S D00 i B2 KA ) R R UCA -
TG >pH AF>T > i) (4201,

R4 REREBERERLEFAERGESN

Table 4 Variance analysis of regression model of *OH clearance

WoOFIIA ARE U7 FAE PfH WM
X 26.1 1 26.1 0.89 0.3605

X, 3.51 1 3.51 0.12 0.7341

X 182.2 1 182.2 6.24 0.0256  *

Xy 175.09 1 175.09 6.00 0.0281 *
XX,  125.62 1 125.62 4.30 0.0570

XX;  148.63 1 148.63 5.09 0.0406 *

XX, 015 1 0.15  5.089E-003 0.9441
XX 1138 1 11.38 0.39 0.5424
XX, 638 1 6.38 0.22 0.6474
XX, 30.1 1 30.1 1.03 0.3272
X2 29333 1 29333 10.04 0.0068  **
X, 55.9 1 55.9 1.91 0.1882
X8 8338 1 83.38 2.86 0.1132
X 84637 1 84637 2898  <0.0001  **
B 1699.01 14 121.36 4.16 0.0059  **
B2 408.83 14 29.2

KL 22424 10 2242 0.49 0.8383

aiiRE  184.6 4 46.15
B 210785 28

s R 22 S B3, P<0.01; * 255 3%, P<0.05,

3.3.2 R @R RACER R T 69 4 RIS IE

H (8] S A TR AR P A5, RS 6 £ 7 il A 1 e 1 T2
SRR ARIELEE 51.80 °C, Fff#B ] % 338.26 min, MR
Jg 1142.42 U/g, pH {H A 6.72, Wi H RS RIFHIN 2 [ b L7
RN 33.93%. MRS LE SR UL bR A8 T 224514 M il
f#IRE 52 °C, BFIT ] N 338 min, fIERHR N 1142 U/g, pH
HR 6.7, 13540 % MR A RETERR RN 34.44%, 5
PR MEAZE 0.51%. B0 IFL, SR 3RO S HE R 25 1 T BRI
B AR, % L2 AT DU s Ak K 3 T 40 1y ik
%M

3.4 KRESEFREROSTESBEHEL

3.4.1 RIEBRLA R AHHT
£ 57 IR IR B IR AL - Hr an sk 5 iR, Al LA H
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LK E IR B B R, N 79.24%. IR H S LR o
AR ARIE, HodH %R (glycine, Gly) S B E. Gly &—
B o7 [R5 A Tt A it B BE B i (0 e, O et
A4 B H K (glutathione, GSH)AYE B4 & BEMR . Ik
Ah, ZIKPAELE Gly-X-Y IR LR 527 512 e R IR 3=
BURHAE 2 — P2 530t b5k SR 040 J I TR 5 R ad iR
R BEHEAmRI, RIERTRE SHNAR. A .
RAIRFAIEMR, X 50 LB T s B o Bk IR IR
G FEBRLE AR IR 45 St 5 Rt i £ B2 1 21 LR
AL RAR LY, D A 35 T 0 g 28 0k v M R R R
HARMAMBEARN S RERKB . A¥EHEREN, PR
A2 Bk P A 2 R S 1 5 AR A sl i B o A R
TR S0E 2% g 5 3k A Ak o g T 45 22 I AT 455 A RS ML 4R
fBBETT, BRULZAb, BKAOH Gt 2 I B (R Sh b e L fig

A E SRR Y R IEIK A A A A IR A H AR . N
i R 2 PR S o /K M S I R, L L B AR P A B
(15 22 SR Tt LA AR R ) MR AN SR R BY . R ss e
Wiz, WEAREHER. WARL AR
FHERR, RILEAMRBAHUAIE.

RS REFHERRERSERARTE, g/100 g)
Table 5 Amino acid composition of turbot skin collagen
peptides (dry, g/100 g)

IR T /(g/100 g) HHEIR T /(2/100 g)
e 18.64 AR 2.46
NER* 8.75 RNAR* 2.16
HEm 8.58 EERN 1.98
it 2R 7.91 HEEAMR 1.93
AN 6.94 LA R 1.27
KRERM 5.60 HERR 1.11
225 431 i 2R 1.09
AR 3.59 R 0.16
SLE R 2.68 R 0.08

TE: * RN LI N K M R

3.4.2 RBARAAST F AN E

EZBUN 3 ) =y NE < DN 0 e o (R
2kDa LT, <500 Da 2 K5 15 H 51.83%, &2k
e R Z A S, T RAE 500 Da~1 kDa FIZ ik & i
36.13%. ZrTHAE 1~2 kDa BIZ &M 9.42%, &t
gD, Wi &>2 kDa HZ KA EEAL, Uh 2.62%.
HHES ST AR , KEE6T 6 R T i 2R 1 e 2 KB Rl
Bt I, Koo T /Ny F 2K, Z iR
Z43MiF 1 kDa IR, A FEEM, WRGERUSTH
FEUS BT A5 AR, AR S 2K EAE 1 kDa LIF,
TEABIF TR A I I A (14 22 K 07 A1

R6 REHEFRERBNSTFESHUE
Table 6 Relative molecular weight distribution of turbot
skin collagen peptides

5 G IH/Da r=ye

>5000 0.08
5000~3000 0.65
3000~2000 1.89
2000~1000 942
1000~500 36.13

500~180 47.64
<180 4.19

3.4.3 Sephadex G-15 # RABEIR BEAT RS L)IRIN A
A7 M)

Wit G-15 HiRWEEIRZENT, ZRE YIS T/
KRB MRIRAS RN 38, B8R 3 R, K861
KGR A Z K& 8, 88T 3 A~414 TSP,
TSP2. TSP3, HArFH K/PNKFEN: TSPI>TSP2>TSP3,

1.80 | TSP1

1.60 |
1.40 |
1.20 +
1.00 +
0.80 +
0.60 +
0.40 +
0.20 +

WOERE

0 80 150 220 300 370 450 520 600 670 740
I} [a] /min
B3 E K R G-1 SRR E HT E i

Fig.3 Sephadex G-15 gel chromatography fractions of
collagen peptides

FA5R A TSP, TSP2. TSP3 4 B #E TSN AL IS
PRI E, DA BT B4 T RAE S BE M X BE, 25 5
B 4 Fis o B ER A RIS BRAE T A5 Rk &, BR T 0.1,
0.25. 0.5 mg/mL 3 /M i 46 IV JB /K7 KA I STk
M, HAYHE TS TSP1, TSP2 F1 TSP3 AI¥#2 A KL FkAE 11
A Bt 23V B (i R Wik s, R4SV T TSP3 1
¥ H R ILTERRAE T BAR T TSP1 A1 TSP2 (P<0.05).
TSP1. TSP2 F1 TSP3 X% H H1 3L I5 [ 5 (14 21 40 il v 3
(inhibitant concentration 50, ICs¢)43 %4 0.79. 0.75.
0.50 mg/mL, H#F/NF GSH 9 ICsy(1.07 mg/mL), ¥iEH 34~
53 1% A LIS BRBE 1355 T8 e T RK . A3 $idis 2B,
g S0 18 R IR A BEFK Y 1Cso M 0.39 mg/mLU"), TSP1,
TSP2 1 TSP3 (5% B th S G BREE ) 5 2 AH L33 22, (HYE
BxfE fsmi TSP3, B5 VC & A LB e I fEn
(ICsp: 0.53 mg/mL)". A J5 7 A 0 2 s 2k S Ak )
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AR S AR B 38, P 8 v I R O B 3RS 5 v A IR R 1
R, BELFEH, 3 AL I S T B VA R 14 1 T A
i, Y 3 AN B Ak RE S . TSP1 . TSP2 #l TSP3
WIE I ICso 733 M: 4.83 . 4.83, 2.73 mg/mL, TSP3 il
J5i 7B @58 T TSP1 il TSP2 (P<0.05), TSP1.TSP2 F1 TSP3
[ 5 #0555 F GSH (P<0.05), IL4s 5L 5 88 ik iy 409
Yo R A £ K7 34 SR T R SR 25 SR AR, TSP3 ik R ) SRt
1 f7 W e 7 ik <3 kDa ZHKERFE B R . Ak, 3
AL A B 38 T B 58 3 R W e B A AR KB, 0 R
TSP3 {34 5 7 5 T ¥ 66 St fh1 J Y5 R JRURR YT, T LA
S R RS E PRI JFR . Wk TR AR
A 45 S 55 A FR SRV R 3R 0 A 45 S A BL, TSPL .

TSP2 il TSP3 W4k B FE ARSI 1Cs0 53124 3.89.1.70.,
0.22 mg/mL. TSP3 MEEk B F# &g J1BH & T TSP1 Al
TSP2 (P<0.05). SitJFEIIANERIIE, & B RIE R, TSP2
1 TSP3 WV 4KE T2 A fig 1 BH g T4 B H Ik (P<0.05),
I TSP1 NIFN GSH W EER S T8GR JIAHIE WAk 73
A T BRI 45 SR 5 Mhd 250 I 5 SRAR L, A R A

FHA: X BEAS—HE, X ] HEJ& F A GSH I8k & F B A RE
A
o0 | = TSPl EB TSP2 E3TSP3 3 GHS a
80 o . Cb;
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