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1% I i (29 000 w) 2 i3 €82 C (12 400 u) 4 ik
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AN AT W3 66 B T, 56 [ Thermo 28 W) 5 2 VR T
JEHL, 32 E Labconco 24 H ;Spectra MAX190 i #5
18, & E Molecular Devices 2~ F ;= 850K AH 2,13
X, 2 [ Agilent 23 7] ; F-4500 22643066 1, H
K Hitachi 227
1.3 Fik
13,1 f Rz ARAG IS R R e o e DI/
T 40 CT AR LT, R R Uk K 5 % B A
225 T 300 1K 7 e 743 30 1 R P R o A £ 22 IR
PrAALTE AR, PR A 3 50 1B B el M 2R 1 il K
fiftth 0 B KoK 5 28K 1:8(m/V ) Y EL AR
AR WOE R 2 55 CHl pH (HZ 8.0, 7 m
1% B B PE 8 B (m/V ) o K 78 R g 22 m A
0.1 mol/L. NaOH LAZEHF 52 W W Y fieidi pH o SO 45
WG ,95 CHn# 10 min K 3% & M i ,8 000 r/min
B0 10 min J5, WA RIEWE SR HE TG T
FARRIEF-20 CHRAF
1.3.2 7K FE il o
EW,
1.3.3 TCA-A¥#H5% (TCA-NSI) ByillE B
20%TCA ¥4 HUTTE , B BCA 250 & I 5 FE i
() TCA-NSI™,
1.34 SrFRa ey iE SRR S O A Ak
(HPLC) I 7 Bt S8 Ak BR 19 43 7 B0, a3 4 ok
TSK—-gel G2000SWxI (7.8 mmx30 mm) ; i 3 #l A
V(ZIE):VOK)V(ZR LR )=45:55:0.1; i
0.5 mL/min; £ W 3% 4 4 280 nm;; #E K H 10
pLo
1.3.5 ZEERARMIME B 1.00 g B TE 110
CH 6 mol/LL HCI /K fi# 22 h, & .Lrid 385 Fl HPLC
g A HEMRY
1.3.6 DPPH HHEERE =% Lin 5100
P E DPPH R RV BR A, O [R] v B2 A R
W 1.5 mL 5 DPPH % 1 mL (0.02% ,m/V ,
T 95% LT ) IR 2], % il ke OGS 30 min, T 517
nm AR EBOGREEAE . K A ——F B IR
I 5A,——95% £ B 5 FE A R WO BE
As——7& K5 DPPH IS0V B WG B, 558

7K fift B SR 1 pH—stat 25l

(1)I1% DPPH H Hi 375 BR K
DWHEE%E%%%%UJ%ﬂ%ﬂm (1)
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1.3.7 -OH AHEIERE S5 KEEFE )y
P E -OH A iR BR %,

1.3.8 Fe*ZG1GME 2% Lin U0 5 il &
Fe* B AT . B 0.1 mL 20 mmol/L. FeCl, iF 5
ANV BE Y 4.7 mL AR SIS WROIR ST, = il #RE 30
min J5, A 0.2 mL 5 mmol/L FEI& ¥, & 10
min 5 T 562 nm K 40 W WO EEE , K,

A ——FE i B O AR A ——2 ALY O S
fi. %X (2) 5 Fe B G0 1E
Fe2*7¥%?ﬁ‘@(%):(l—i—])x100 (2)

1.3.9 WS B% Alavi EE8 5 5 E LR ST,
1.3.10  B/K PRI E 78 4 mL A& K (0.3
mg/mL) I A 20 WL ANS(8 mmol/L){E h 9¢ JE 4R
B POBBIE B R K R 375 nm, KRB K N
485 nm, KT EH 380~650 nm, PRAETEE N 5
nml9Jo
1.3.11  ZORRHHEIEMHHR M 0.01 mol/L #
R 2 vh i (pH 7.0) BL il 5L 0.2 mg/mL [ FE 5 %
W, PEOEIEIE B K KA 290 nm, K HBOGTE
JE R 300~500 nm, Be8% 56 E N 5 nm!',
1.3.12 {8 Bk AR 3 21 AR 3% (FTIR) Al 2 HX
2 mg FEAMA 0.2 ¢ KBr, 820 R IR A R, 7E
4 000~400 em™ I A I 5E FTIRM,
1.3.13  Zeta— WL 09 & 85 AE & 5 iR 2 50
mmol/L. pH 7.0 PBS 1, BLAL 10 mg/mL AU .
fdi F Zeta— 57 43 AT AL E AR FLH 1 ml, T
R Sk 25
1.4 HE|HITE S

REAKEPEE R 3 R AR DL T B bR 227
FoR, H SPSS 21.0 G it #4477 22 508, R A
ZHE TR A AT R E R (P<
0.05), ] Origin 2019b #AFAEE

2 HRE5SM
21 AEfaRKEKREER

D PEAT 3t K IR R R SR RCR TR B i Y pH
L BE 2% 1F T K ik £ B IR 4 b, 3 i i 5 JERA) oK fige
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M AR5 22, Horp, 60 5 BREAT 35 1) DH
B, K4 h 5, =30 Rk B Rz ik B fa Bz ik
) DH 1H 50 %10 19.51%,22.34% ,20.37% ., 3 Flith
F IR R 7K A B 5 1 2 1 IRURTAZ Bk 2R k)
AR
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TCA-NST 1, n] Jz e 2 11 J5 1% 7K it 1% O, TCA -
INSI 8 i 22 W 22 BRAS 38 7K i A 32 23 5% T 7K
il 00 0 DO R TR L A R N A
PR3 Fihf fz BROK A 4 h )R 9 TCA-NSI FlfS %
&l 1b frR 3 Ffi fz iKY TCA-NSI Z [8] 77 75 2
FMET(P<0.05), B4 H KA TCA-NSI {H i
15 (48.65% ) , HL VR 2 B £01 7 JIK (45.41% ) F1 = 3C fa
Bz B (40.98% ), 5 How i fz BRAH L, 540 57 KA 75
R (70.36%) , XF DH FIl TCA-NSI #E47AH X4
M R B3 R R Bk s DH 5 TCA-NSI 35 52 1F
K

EREEIE

S
TCA-Nitrogen solution index/%
GES
Yield/%

TCA-

20
B £ 52k

0
=ik 636 Rk
FE i
Samples

(b)

AN R B R IR AN R4 0] 22 53 8835 (P < 0.05), F Il ,
E1 AE&FEAKK DH(a) TCA-NSI #1152 (b)
Fig.1 DH (a), TCA-NSI and yield (b) of different fsh skin peptide
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(ESIN W/ TR (S TE L DS I = 0 3 O 7 5
X ECS K, EAE 2, 15 80 b5 o it 7 Bl
y=—0.2099x+7.0174 (R>=0.9907 ) , PEHH L1 56 R K
U HIFE 1 AT, 3 Rt R KA 5 o AR R
—EMER N T K (180~3 000 u) 5 A i £
B RS pe > = S R K, 2R BB £ R JIKOK A B
RS, ABFIER L0 F a0 5 DH
R A, X5 Zhang EHT Alavi 2885 iF 57
iR —2, A, Wu SFPE L, 4 7 i <3 000 u
2 IR LA B e s 1, oy R KNS
PUAACTEPE S ARG . ASH 5 i 4 19 6 a2 iR
A AR o F B, I T R B B s AR
AT

2.3 AE&ERRHNEERHEMN

AN T B K S SRR A R N 26 2 B, fiHfh
B BR B S S R 1 A i (82.44 /100 g) , HERE:
i f01 7 JIK (78.14 /100 ) F = 3C a2 K (77.44 o/
100 g), —3CHa H7 K A5 fa 57 IR 8 £ )7 K i
Z TR (Glu F1 Asp) 73 3] i S B B R 1Y 15.98%
16.50% ,15.5% , il 1 2 KL 2 (Arg Lys \His) 7351l o5
BB 11.41%,11.78% ,11.31% , i /K 1 & 3k
2 (Trp .Phe \Val .Leu .lIle Ala Met F1 Pro) 53 5l
B FEIR Y 26.74% ,30.73%,31.30% , 2 Jik o 1 7
KM S LR P bR B OH 5 B A AT A e
K St B R B K M SRR C oK ity 1 R T Y 5
i Jo B K M S SE R AL T BT IR BE i i Bk, v R L
PUARIRPY, His BRI E G 4R+, ik
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12.298 Table 1 Molecular weight of different fish skin peptides
04}
. S & AR b /%
S 03F
B2 EHM ZxegK SHeAk W EEK
= § oz
=l >10 000 0.02 - 0.03
b 4 000~10 000 - - -
0 5 10 15 20 25 30
T B B ) 2 000~4 000 - - _
Retention time/min
1 000~2 000 17.48 11.21 13.08
B2 IRERENSFREGEE
<1000 82.50 88.79 86.89

Fig.2 Chromatogram of relative molecular weight

of standard substance

(IR NS R R E e SN U E K 8 VAN LU SN
HA R A AL T £ Trp THW?%LV 7S
D EL T H AR AT F 2 K Gly 2
PR AT DG H IR A 2 2H R R, [ i e

3 P B IR R 2 R . WA, EEEZ K C
Uit ) Leu o ] 545 HAT A AL TR PER, 28 Bk, A
[ £1 B JIR B 28 BE TR &5 1 M A BT 26 5%, (B JIK
R EERR AN S PR EA

*2 AREBERESEBREAN
Table 2 Amino acid composition of different fish skin peptides

Ak @;éﬂﬁk/g (100 g)*! EEY YT 3 6 Ik 5% & M Bk
# (Gly) 20.239 +0.132" 19.863 +0.215" 17.384 + 0.329*
@ﬁﬁﬁé(@b) 9.923 + 0.061° 10.365 = 0.284 9.882 £ 0.216*
% £ (Ala) 7.617 £ 0.163" 8.229 + 0.090" 7.749 + 0.047°
25 (Arg) 6.846 + 0.291° 7.419 £ 0.064" 6.800 + 0.078*
7 2.5 (Pro) 6.078 + 0.154° 7.900 + 0.062" 8.925 + 0.282°
& 4 5.8 (Asp) 6.056 + 0.108" 6.130 + 0.098" 5.673 £ 0.136°
% £ 8 (Ser) 3.432£0.051" 3.918 + 0.050° 2.648 + 0.044°
& 5.5 (Tip) 3.254 + 0.095° 3.845 £ 0.076° 3.436 £ 0.079"
A (Lys) 3.271 +0.083* 3.443 +0.103° 3.641 £0.012°
5% 2.8 (Leu) 2.688 +0.115° 2.921 +0.168" 3.168 + 0.050"
7 5B (Thr) 2341 £ 0.109" 2.600 + 0.024" 2.628 +0.022"
455 (Val) 2.177 £ 0.145° 2.441 £0.028" 2.566 + 0.069"
3 % 5.8 (Phe) 1.965 +0.072: 2275 +0.121° 2.172 £ 0.052°
5 5% A5 (1le) 1.498 £ 0.031 1.885 + 0.069" 1.818 = 0.008"
% 2.8 (Met) 1,466 + 0.049" 1.238 £ 0.069° 1,463 +0.061"
o0 2.8 (His) 1.302  0.025" 0.918 + 0.027° 0.873 + 0.543°
B 2 (Tyr) 0.511 +0.022° 0.854 + 0.070° 0.745 = 0.030"
* 2B (Cys) 0.027 + 0.004* 0.034 +0.002* 0.034 + 0.003*

# 3 2 kB % F (TFAA)

80.690 + 1.615°

86.281 £ 1.545"

81.607 + 1.238*

AR 8 5 AR TR 1 1 2 5 .3 (P < 0.05), FIA.
2.4 K& RSN B E R LR

P DPPH A 335 % -OH A 315 % |
Fe* B4 1% ME LA S5 ¥ 2 It S AL 16 1 . AN

Il Bt S A 156 ) A AL A BT AR . DPPH A

Sl BIPUAMGI, 5 & S PR ST AL 4
A

45 B JEE ] B R SR A I M Y i 1
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b2 i TR B, B 5 S SE R BB 1T DNA %F
o F kA RN, — BS54 0 fal, nT AR B ) %
A RSy Ao U A JE BT 5 R T M R Tk
Jg ot i AR E B N, PR AR LB SR &
B 2 48 Ak SN 34 T W] SRAE B A Ak R Bt
TIRE T, VTN B AL M 1 B AR hR™
ANTR] 5 4 B (1.0~8.0 mg/mlL) i1 57 ik 9 470 4
feis & 3 Frs o PR ki 4 SR W, fa i ik
7 DPPH ., -OH H H B35 BR 3 Fe? 8 & 1 M Fl ik
JF B v B AR, XS5 RS R E —
HB BR3P BRI BAT —E PR AT
PEET LG 3 Rl iz AR & B, S ) 5k T A
B R A B S AR T P 3 T — S A B R R £
FK(P<0.05), SHBSFEORFRRBT, — i B 2 9k
1 Tt Aot K %) B S A T 2 B K R R A B i v
o, X LT P Ay R A i AT A R B, Trp
Gly 1 His by Fo & f 45 e (0 2 6 1R, Bt S A0 Tk o ]
AE 5 K i 2o AR v 22 RCBE (0 R N 3 1R HE A A
5 AR IE I Tax — W, KR Z G 0 R
R T E 2 AR R R A4y, X
OPAE ZREER T o SR TER B-Hr S, v Fe™
R Fe 7 IRGA T i R [ 5 2 5 1 )
SEH T R EE R TR A G, TR R A R
S HL T A AR, — ROk U, 22 Bk B S AT
PERAL S TR RN R B — S5 /A %, 595
B R BB K M B R A R 1) 5 A OGP
25 AEfFREWSHERTEE
251 BKMESHT BT R B T B K
SE S, R TSy T A A bR
— 1 Wani S 5E R B, 2 KB K PR 22 5 22
W T ik R MR & i, X AEPUA AL TE M
EE BN AN [ 0 Y 3R T g K R ] 4 B
TN o GERRWY BG40 B R (431) A 1 K (427) 1Y
FETH B KMk B T = 30 K (387) (P <
0.05) , £ piz ik L £ e ik v A7 388 22 i i K Pk 2
BER 35 Z AT Z R 4y BT 45 K — 3, Noman 551!
T, KRS B Y 23 )4 52 0 5 i 1 A
PR A% 3G G, TE /K i st A v, 26 P T X LR 11 6 7K
DS =TS X Y ORI i = & s i o 1 3 O
K A RE A R
252 FOLESOEIEST FEERARALR T,

400 + d eai _%
S it /,A; §
= ﬂll"u,’% Fe a _ \
2300 F N\ it kg, _ k\\\
I . R
5% %\
’é_g ; 200 | % %
o %
T £ 00 %
z %§
0 N

1.0 2.0 4.0 6.0
JO VR
Mass concentration/mg-mL™
B3 TERERETAREEKMRNANLFELR
Fig.3 Comparison of antioxidant activity of different

fish skin peptides at different concentrations
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Fig4 Surface hydrophobicity of different fish skin peptides
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Trp BA 96 H Trp 5% 3 X 3R 55 19 48 1L 1R
5 S R T ) o 1] 0 = = D e 1 [ B
B B 1 RR AR U6 Ol A=360 nm , 7¢I I A7 | 6 5R
AR A28 0 B B T €8 B R P A PR 1 A8 Ak, AN [R]
FE R 7 ek an &l 5 firas = 30 fa Rz K B £
JUR 655 1 {2 R Y A, 3 1 R 354.5,355.4,355.6
nm, 3 i f {2 IR B PTG AL TE i E = S (P>
0.05), 3 PPt 7 BRI A 3 7E 360 nm BT, 156 B
Trp 5% 347 F 86 50 T AR A M M R 858 2 i
AN HE N S RAE T, 340 17 B9 5 B (357.2) >
1 {7 JIK 558 B (307.1) > = SC i %¢ ' i JiE
(214.5), Z5HFRW], 0 BRI D098 FE 5K i B
SIEAHG, KRR, i A SRR E
1 Trp Bk, X 5 & B MR 3 B 45 SR A — B0, X 2
BRI BT A A TS YA B BRRAEH . AR ZEEEE R
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Fig.5 Fluorescence spectroscopic, A,, and fluorescence intensity of different fish skin peptides
T PEEBAL R SSFN 5 R 2 BE R ) AB AL AN R] S B 07l 3400 2924 2850 1700, 1600 S
| 1 i\t —— =3tk
TG SR FEFN A, (EAS R 06 ! ' | Ny
| 1 il — il fr L ik
253 FTIR 4347 FTIR n] 45 K4 7 E B g 057 ' 1 '
_ _ - — =504} : ¥
R R R B g, s R T 220 R\
2N N N = 2 % | 1
T E ARG, A5 T e B AR AN G B REMT /Y =02l ! '
W E, B 6 I IR LA 2 A R 01F : A
A =1 2o Al TR g S s 0.0 i i il i 0 ) has L
@‘ & I/q:g Z: IEJ SR @( E/J E, 3 *EIJ @ﬁﬂkﬁ 4000 3500 3000 2500 2000 1500 1000 500

4 000~400 cm™ [ A HA ALY W, 3 F
i1 Bz IR TE 3 500~3 000 em™ 22 [i] 77 75 45 5 W i 16
FKWHZIKD FNIERL T C=0-N-H Ay &4, H 4
DRy B £ P R > B RS — S 2 IR 3 000~
2 800 em™ AU WL Wil 5 CHy A1 CH, A9 181 45 % 3 A1
XK, P G AR B3 E K AR AR B T A D A
B s H A A7 T 2 924 em™ F1 2 850 em™ 1
P sh W ) I - CH, 19 X6 Bk TR X Bk Bz i 4ig
W [E ), B SBPHs (I EERE TH7 (1 700~1 600
em™ ) [F S HR X 5 C=0 ALY C-N {45
PB4 O, JLUG Y 32 38 11 0T S5 A I 52 I i
S ZE ILFRWT O[] 0 Rz B AR PR el B 45 R B 7K X
H—EES,

fE FTIR 3 & Bz T 47 (1 700~1 600 em™)
55 C=0 HEFREE Y C-N P45 ¥k 2h 43 5¢ , 1l i i 2K
PSR e 25 R0 P 6 i 7 B SE A K TG
[ 4745 S icm , HIE Y 32 2 11 BT — 5 M 152
FIH Omnic 8.2 # {4 F11 Peakfit 4.21 #F45 3] %
Hrh LA, AR A - DA e T AR AR £ R I
AT E(EI), HFESEA T NN
HJE £ ZR M 1 664~1 646 cm™ N a— M2 JiEH5FE I

Wavenumber/cm™

B 6 AEE&KKH FTIREE
Fig.6 FTIR spectra of different fish skin peptides

1 700~1 682 em™ il 1 637~1 615 cm™ A -4 & HF
I ;1 681~1 664 cm™ by B—H% FIFRAE I ;1 645~
1 637 em™ Ry TCHL A& MRFIE DS o SR8 45 K 2 A
PPty , oy KA RAAL ;B—1 & Fl B-F% f 45 1
Ja& T ARG R B A S S5 R, TG R it 25 4 = G
JFE5RPL, X b4 RS R B ik B i kb B
P& 50 & & i (34.14%~41.04% ) , T B
fh 25 44 55 2 e I (10.61%~11.80% ) , 5 B A i
- GONIN 122D 0 S B & 2 )7 e i L e
Sk B a-BRTE M BT B LAy B, Ry
AP SRR 87> TR R PR,
B2 RR T - T 45 AL 1 A R, SO R A0
KB U2 5 54 1 oA 24.41% 1 22.89%, 12
THE 2 B 1 0T A R v e R Y B R
B ki B—4r 8 BAR , 3 W AR 19 0T L 7K RH DG A6 pid 2
#E, 2R MBI KR SRR AR B 2 K R A R A
(YRR DG A7 A5, HE T4 Bt 22 IR 0 S AR T PR
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Table 3 Estimated secondary structures of different fish skin peptides
Z R % i B-r & B-% 7 T A%
EL SN ¥ 24.41 41.04 23.09 11.45
8 & F K 22.89 34.17 31.14 11.80
%k & K 33.94 34.14 21.31 10.61
2.54 Zeta-HL{7L  FK A Zeta—HL O AT RN & % X #
WA AT T R AR AR T, S M R R E
PR RN S L R A A R AR i [11 ZHAO J, HE J, DANG Y L, et al. Ultrasound

K, | IE 7 RTAL, 3 Rl fn K IR B Zeta—FL AV 204 171
{H, UL 8 2 1 R A R T, LT )
ol UKL A 20 A T AN By e P SRR di i B IR Y
Zieta—VEL A7 46 X6F {F W0k 3 785 T 95 £40 iz IR AN = SC £ B2
JIK(P < 0.05), Al BEJ2: DA A 7K fige aod B8 Tk ) 60 R
7 B LR 22 Tl 1E H AT Y SRR T 3,

B
Samples
=3 R i3 £ 1 ik fil £11 1% ik
0
s> Wl
£
2z 4r
[
zE
S L !
T -6 b T
N L
| ab
o 1
_1ob

B 7 AE&EKE Zeta—FB L
Fig.7 Zeta—potential of different fish skin peptides
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SR K AR ) Zeta— AL, 2 B HL g /K
LML TR, I MR RORIZ I T PR
PRI, BT T £ Bz 85 W i IR A (EL A B FR AL,
A A KO IR BN R R UCOR] R Bt EE K
i o B f0 B IRBT AR PRI TS BOTR A, T — 25 B
Xt 22 Jik— £ W AR B AR G H T R A 3 1 0 A
IESISIRTIET

(6]

[7]

treatment on the structure of goose liver proteins
and antioxidant activities of its enzymatic hydrolysate
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Comparison of Antioxidant Activity and Structural Properties of Different Fish Skin Peptides

Zhang Xiaodi'?, Dai Zhiyuan'*
(’Key Laboratory of Aquatic Products Processing of Zhejiang Province , Institute of Seafood,
Zhejiang Gongshang University, Hangzhou 310035
Institute of Biotechnology and Food Science, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050035
*Collaborative Innovation Center of Seafood Deep Processing, Dalian 116000, Liaoning)

Abstract Fish skin is the main by—product of aquaculture processing, which has attracted much attention due to its low
utilization rate. To better understand the antioxidant activity and structural properties of different fish skin peptides,
salmon skin, sturgeon skin and bighead carp skin were hydrolyzed by alcalase. The degree of hydrolysis (DH),
trichloroacetic acid—nitrogen solution index (TCA-NSI) and molecular weight of fish skin peptides were evaluated, and
the antioxidant activities of fish skin peptides were examined based on 1, 1-diphenyl-2-trinitrophenylhydrazine (DPPH)
radical scavenging rate, -OH radical scavenging rate, Fe?* chelating activity and reducing power, and the structural
properties of the three fish skin peptides were compared. The results showed that sturgeon skin peptides had the highest
DH (22.34%) and TCA-NSI (48.65%) and the lowest molecular weight, indicating the best hydrolysis. The antioxidant

activity of the three fish skin peptides was concentration —dependent, with sturgeon skin peptides having significantly
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higher antioxidant activity than sturgeon skin peptides and bighead carp peptides (P <0.05). The sturgeon skin peptides
had higher hydrophobicity and fluorescence intensity and contained higher content of hydrophobic amino acids, which had
positive effects on the antioxidant activity. Fourier transform infrared spectroscopy confirmed some differences in the inter-
nal microenvironment and protein secondary structure of different fish skin peptides, resulting in a greater variation in
antioxidant activity. This study can provide some theoretical basis for the preparation and development of fish skin pep-
tides for application.

Keywords fish skin; peptide; antioxidant activity; structural characteristic



