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Preparation and Antioxidant Activity of Collagen Tripeptide from Tilapia Skin
MA Shuping', SHI Jing', TIAN Shunfeng', FENG Mengmeng', LUO Yongkang?,
JIANG Yanfei', ZHAO Chunyue'”

(1. Beijing Qingyan Boshi Health Management Co., Ltd., Beijing 100085, China; 2. College of Food Science &

Nutritional Engineering, China Agricultural University, Beijing 100083, China)
Abstract: To effectively utilize tilapia skin for the preparation of collagen tripeptides with antioxidant activ-
ity, response surface methodology was adopted to optimize the enzymatic hydrolysis conditions. The quality of
tilapia skin’s collagen tripeptide was evaluated by comparing its molecular weight distribution, amino acid
composition, and antioxidant activity with those of commercial collagen tripeptide. The results showed that the
highest tripeptide content of 37.25% was obtained using a compound enzyme of alkaline protease and brome-
lain (enzyme dosage od 5 000 U/g at a ratio of 1:1) under the conditions of enzymatic hydrolysis temperature
of 55 °C, liquid-solid ratio of 6.3:1 (mL/g), and pH of 9.2. Compared with commercial collagen tripeptide,
the tilapia skin’s collagen tripeptide had a smaller weight-average molecular weight (476 Da) and higher con-
tents of essential amino acids (15.42%) and hydrophobic amino acids (32.53%). Furthermore, at a concentra-
tion of 2.00 mg/mL, the DPPH and ABTS* free radical scavenging rates of tilapia skin’s collagen tripeptide
reached 38.55% and 61.97%, respectively, indicating superior antioxidant capacity compared to commercial
collagen tripeptide.
Key words: collagen tripeptide; optimized enzymatic hydrolysis condition; molecular weight distribution;

amino acid composition ; antioxidant activity
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JRE D S A B A B %) DG B BT 40, S F 3 4%
2 IKEEHES T A — SR BS54, (Gly-X-Y), FE 75
SRR AR 1R — G i CHLb XY i I A5 Al
FmON, XSS T TR s RS
BUBBGR BE , TEAERF K JIR 00 B2 35 s 0 0k DA AL £
S S TS A S AT BSR4 24 PRt e i
Bz N TR AR SRRV S Tk A IS0, K
DA, T T b A e Dt 2 P 3 Ok I8 Tl L sl (n g
A R ) IR B FETY, SR, R T I AR 8 RS KA
VI I 2 R At A% G g 147 58 2, Y S D 1 I A 5 5K
TG K, 0 2SN TR 77 40 (e e 85 ) SR 5 A e D
SN ok 9 S VIO S8 3 L |
i AR R R I R 2 A T A Y
60%~70% , B8 J P8 BT & iR IR DT IR,
SRR 1Y R AP IRURRR IR, Xiao SFUOHRSY T 2
B 15 I AR IR T 58 A 2R (ultraviolet b, UVB)
Vi B9 8 Y A G & A Ve ] S PLRI, 45 51 3R
W, 2 IKRT I 2 AR AT B AT 1 ST S b R e A
FHYFRIK ] R 42 )8 4 - 1 (matrix metallopro-
teinase-1, MMP-1) 13 i 4 )& 25 1 -9 ( matrix metallo-
proteinase-9, MMP-9) [ & 1k , B i 1 2 fip J5¢ Jit 25 11 19
R, AT UVB 5 R 4035 15

JE BB 1 3 B ROR ZEAR A A9 AL ISk
AR, E AR LA PR A R R T, AT B ] 7 A A=
Py 10 2 R Ol S0 3 i) 17 FHRICREI X1 A% e 402
F 43 T 143 9124 /F 1,000, 1 000~<3 0003 000~
<6 000 Da F% ¢ J5U A 11RO R BLEA T 15, 3 3 )
SRS PRI LR P A R O R 7, WIF AN ) 231
b 10 £ R e IR RS 1 IR A= A R L S RS, o)
FHEH 1.000~<3 000 Da 14 i J5 2 1 K B 5 i W
Hong SF IR RIFTE B, 171 J1 b 155 2H 200k 15 It A8 1 A IR
W 5oy TG, 50 T4 0 1000 Da BRI 8 H
JRAH EL , 4354 500 Da 98 R AR F K 9 IR SR 2 5
T 2~3 4%, AEF R, MR B AFTE IR 8 R 55 ik
iz #5 H 1(oligopeptide transporter 1, PepT 1), BE4F 7
PEHE 1z PR = PRI 5 = K AT B e 1 R
BUE 2R 58 A TH AR R AR 151, H R it = ik
R0/ NI R AT 3 B . g T R 20 A IR D A 1 IR A 2 2
FERRUS, T EAFVILL B R K N R 8 ) A0 i
fife il 28 1 H 2 R - I 2R - 52 il 2R (glyeyl-prolyl-hy-
droxyproline , GPH) IKEZ &% 2 1 1.46% MY IE =ik, Ji
S HEUSIFA) FH w2 1 I A A 1 e - I A - T
ﬁ@ﬁ(glycyl—prolyl-alanine CGPA) H & WE-THaE -2
I (glycyl-prolyl-serine , GPS ) FllH % Bt - il 2 ik - K5 2 1R
(glycyl-prolyl-arginine , GPR ) KBt 7% 5 4% £ 19 i £ Jj Ji
HEK. Wang SIS K BLE &% GPH KB
K Y , A D% 2 K 28 AR (ultraviolet a, UVA)

5 W9 AR LB AT A A 42 7 A o 1 R st
BT, LA OS], GPA RESIE i 4
v AP B T AT T 3 A S 7 A R T ) T
P B SO LT R 20, B v S0 405 LT 2 2 i )
FAT R . Tang SECVRBESE R I, 5 K I I — K RE A 1
o R R L5 L TP K P, 490 38 5 240 R = 2l f -
T VLA B B R 58 D 176 A ST S B0 S P R, AT S
R KRR ALY K

BUAT T I = IR AT ST 1 F2 2R T E = iKUK
By A=Wl ME R IE , O T IR = IR iy il 2 T2 A B
FED, HEARGE P kel s T 22 b
Migfie , T 202 2% . ABIFFE LS AR f1 5O U}, L= KA
TP AR b, 38 o B DR ER G A R T A o A
AR 1 B B It = KA i 8 T 22, IR G i A e = ik
PEATXS HE 0 oy BB AL T 1, 18 18 0 s i
[ A g B 1 S5t = Ik B T i B (BB Al

1 #R5REZ%
L1 FPRHS R

Ve URIR S AR 0 B YL B S R AT BRZA W) 5 B
PEEE 1 (50 J7 Ulg) R IR (30 77 Ulg) (IS5 E
FIlG(50 71 Ulg) : B T PETA: ) TARA BRAA B 5 eIk
FI (20 77 Ulg) R BCHE 1 ORI+ XU AE, 3 1 Ulg) |
S TC A 2 (P g+ XU L 4 000 Ulg) : 77 AR 1 AR 3H
AR FRSTAT A A 5 (IR =K 1 R =k 2
mit.

2, 2 BRA - - (3- L BE R T WE MR bk - 6-fi 11 ) [2, 2-
azino-bis (3-ethylbenzothiazoline-6-sulfonate) , ABTS]: 3¢
Sigma 23l 31, 1- K F-2- =i FEME(1, 1-diphenyl-2-
picrylhydrazyl, DPPH) : | i 22 50 bR A= bR B A BR 2
Al AR TOKATIRIR TEK O G BT (XK
grpral) « JE 2 B AR A R A B O IR O TR
(Ehaigal) . LI T AR B A IR W s GPH
PR (285.29 Da) | £ B BE-C S BE-C AR (189 Da) . &
ZAE- £ - Z S 2R (451 Da) A Z Cleyto-
chrome C,12 384 Da) \Em]ﬂi(ﬁ(aprotinin ,6511.44 Da) .
#F B B ( bacitracin, 1 422.69 Da) A BeH AL . db 5T &R 3E€
TR A PR R 5 BRI 2R R & (BRK k) - e o
A W) TR TS T A FR 2 Wl

LC-OES-60 =28 s 145 - Ll S RIL PG A A
FRAH] s FA2104 1L 7K1 BigSE THE RS A
FRZY 7] s D-3L = ALK s . B IR A PR A ) 5
LGJ-12A B4 BT 1AL - Jb 5t DU SRR AT A A BR 2>
F ; SpectraMax Mini BEARAX : B A 15 (A6 50 BHER i
AR ST20 F4F pH i1 B (1) A BRA
]l ;Sigma3P B0 AL fE[E Sigma Laborzentrifugen 23 ] ;
SIL-20AC = BCRUR A - F A HE A 7] 5 L-8900 2
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1.2.1 e R e — AR il 25

B 50 g M5 A £0 K2k K f0 2 BT AR 0.5 emX0.5 cm
ZeA /NI 250 mL R A 0.1% RO SR AN
W, E IR 8 h, B 4 h W — K A A LENIE TR, &
W BE 7 RN 2% 26 11 12 0 45 RS T Z8 1RO (0 2 1 Ve &2
kL IR 2 AR R I 5 AR T R 2R AR OK T
90 “CHHE 30 min J5 ¥ H1 IR, 76 i 1 e 18 IR A
pH AT, A AR B FEESFE 100 v/min £ F
Ton FH it A, 1K 20 B A o 18] )5 TR 2 85°C, - RE 15 min
KBt , 21,8 000 r/min B0 15 min BB, K i
IR C W 15 0 N | B/ W = W | [y T N )
KD, %) .

D = W, /W, % 100

Ao Wy MR TR & o5 W, I £ R
i, e,
1.2.2 =& E

SR o RECTROR ) s 2 A R e TR = KA T
A TR = R =R

{33 5 115 . TSKgel G2000 (4354 ; M a4l : 2 -
K =R (40:60: 0.1, AR ) 5 Al 3 K : 220 nm;
I 0.5 mL/min;; FEI - 30 °C5 FERRAFL . 10 wL.

o 7 it FVRE St 1) ) B < FH O 0 R T o) 5 2 2 5
10 mg/mL 1) GPH FrifE it W FAE S 9, 1 0.45 pum
B RS
123 [ T2 500 m 14k
1.2.3.1  HEHBAYTRIE

DI B = KA S5 RN = R 1 R PR 48 A 18 FH AR
PR I AR T 0 AR R R AR e S
| FIE LR 2, 7ERG S &R 2 500 Ulg itk B[] Sy
5 h BEAE XD HE R AT A, LA 6 iR I AE
A AR AR 1 T I B ARAICR | I FH B i A 2
T T 2R 005 . £ Fh 8 11l A9 fads il A 2%
R 1.

®1 BEMEOBHEEMEREY

Table 1 Optimal conditions of each enzyme

. [ A
R IR EEC il pH {H T P ) /b

HPEEE 57 6.5 5
Bt 2 60 9.0 5

STECH 1 55 7.5 5

SICHE 2 55 7.5 5
W E 55 7.0 5
JBE I 1 55 8.0 5

R e A5 2 1 R ) 07 0 5 SRS 5 a1 A P Tl A
SR IR RES E 101 TS, Nk 5000 Ulg,
TEAFBCRE[2:1.4:1.6:1.8:1,10: 1 (mL/g)]. i
¥ (45.50.55.60.65 °C) | ffig i H] (4.5.6.7.8 h)
FfE pH {H (8.0.8.5.9.0.9.5.10.0) &4~ 17T,
il £ 2 Al A1 1z i S = B, 05 AN [ 2 1 4 A
% A R I SR R IR B A, DT B S G A ROk
P AR UL AR AN ) R A pHL R
1.2.3.3  ma ;AL At g i ot

FIH Design Expert 13.0 #{44% 1 Box-Behnken it
BT IR B, 25 A B R IR 2 L, BRI A R |
fift pH EARCRL L 3 A TS5, DL = K o0
{B, PEAT = PRZE =T 1 1 4347 L DAL e 1225,
HZ K2R 2 PR

F2 MAEEREERZRSKE

Table 2 Factors and levels for response surface experiment

SE S
IR —
AR/ (mL/g) B BEIREE/C  C W§f% pH A
-1 4:1 50 8.5
0 6:1 55 9.0
1 8:1 60 9.5

1.2.4 4P a5

SR FH B0 SO 3 3 0 2 A At B I I — kATl
B IR = KA 7 A, BE IR FE N 5 mg/m1L AR
SRR, FE AT VRS 1 0.22 pm BB B, SR ] TSKgel
G2000 SWXL 300 mmx7.8 mm (O34, L&A =®ME
R 0 MG R (NG K Z R G RIRFLLE Sl 40:60:
0.05) R ENAE, i K 0.5 mL/min, 25 BEVENL . AT
30 °C, FEFEARFUN 10 WL, 2AMGIUE K 220 nm. DA
CRABE-C AR - E R LA - L E - = S &
M2 200 28 C AT PR AURF BT 8t hy b o o ST A v i
2 ArrEZ TN ¥=0.005 024 359X3-0.249 855 1X2+
3.831 032X-14.582 15(X JybrifE S AR B BT ], ming Y
o 437 BT, B 1gMw ), R2=0.999 999 1, 11744
A 7 i T = JIK R T B e A = I ) AR X 43 T A
DA
1.2.5 e = KA Z LR 4 A

R GB 5009.124—2016( £ § % 4= [H R hpifE 1
sit HH B R 10 2 ), o P 2 35 1R A3 AT A (B — A S5
T HE B P 5 4 A0 T AN ) Yo 0 A g e i = K B T B A
JE = R P R A R S R A I A
1.2.6  Fefiaia & il

I FHTR K A, 3 ik 3 il 2 a5 s e 2 e

o1 F7 I S = AT B e D = B P Il R A 5
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1.2.7  ABTS FHEF A B A3 bR e Sl e

ABTS BEBCH] : FREL 17 mg 1 BB N 26 mL 7K
c S o PR R A T, T L AR I AR R A VS W 2.6 mL, I A
10 mg ABTS, Bt il i, ABTS BRI, B AL HLE 12~16 he

B ABTS BE# 1 mL, LA 0.2 mol/L B2 £k 2% ik
(pH7.4) #i B 2 50 %5 A2 47, 7€ 734 nm T WG R
0.70+0.10., HUAS A #¢ ¥ (0.25.0.50.1.00,2.00 mg/mL)
HIREM A 0.2 mL 5 2 mL FB G B9 ABTS ISR &
P& 30 s J5 REOGHE 6 min, WK 0.2 mL T 96 AR,
TE 734 nm U E LIROGEE OB EE N BRI B R SR
B AE s, 25 H AL ZE KA AR AL . ABTST A i
FIEBRR (A, %) IR AR T .

A =(A, - A)/A, x 100

A A R ZS TR s AR IO
1.2.8  DPPH [ 275 BRAE J7il

FREL 5 mg DPPH ¥y oK , il A & To K 4B, kot
RS RN, EZE R 100 mL, 155] DPPH [ Hy 3%
W o B2 mL AR (0.25.0.50.1.00,2.00 mg/mL) [
FE SRS, 43 5 ) £5 FE S ST A 2 mL DPPH H H
IVEW RG] G 2 IR EDG W 30 min, T 517 nm
b 5 FL G BEIR R A e, A2 mL JEK O EEAR
DPPH H H RS 2 mL AR SIA TR NAE 2 4,
WGRETE A A s, PA 2 mL ZRIRZK A FE AT S 2 mL
DPPH [ 1 LB AR Jy o B TG BEIEN A gyamo
DA e BRAE A BEE X R . 322 F 51128203158 DPPH H
A BR (X, %) .

A

o= A
X =(1 - TE8 Y 100

A%Hﬁ
1.3 dEab e
fii 11 Origin 2018 K F 4722 151 s B AT SPSS A
HEAT B R 22 0 Wi 96 22 53 0 35 M 5 R Design-
Expert 13.0 #{4 Box-Behnken {256 A0y 15 315 0 N7 1)
SERIAT T

2 BHRE55H
2.1 HEEBERPSEY T

FHASTR) il 25 1 gk 27 3 £ Rz a0 A7 it i o) 26 JC D
K, BTN A Bl A, AN R K A = ) 1 £
M= K& B ASAAEE T2, R A BEF O 2 HE i i
JR = KA M = RS A an & 1 R

I 1 AT, 6 i AR 1 A8 0 2 A R =
JR B 75 53RN = K A7 7 B 22 5, S 8 A P N A
il % B9 2 AR A B e TR =K A A5 K (21.9%) Bk 3 (p<
0.05) = T H A AR IR Bk B 1 A A 09 2 R
0 R B I = R ) =K i e, R 22.31%, 5 B AR
HEE R Z N 14.49% , WP &2 0 g il 45 0 2 A AR i
JE = R i = K A i IR (B ECES 1o 4.68% , 5 L

vz =k mm =R s

' =
ﬁ 1]
O Vo
SN
R gRt L A

7] — bR AR N F R RO W M 22 57, p<0.05.,
E1 ZEBMENTEEEKRE=REERN=ZKRIENZN
Fig.1 Effects of protease types on the yield and tripeptide content

of collagen tripeptide from tilapia skin

Ml 209 6.73%) o L3 —IRAFRA = IR & AR E R, 1
B P AT 92 45 O A o I ) 2 A LR
T2 AR B R R =ik 5 T2 R SR AT .
PN 3 SRS ES R e e SN &)

e 2 T 2 A £ B I = ik b = I i i B R
WE 2 FiR.

P 1] 2a AR TRt X 287 A £ R I A S 0 ) 5
MAEL K, MR AR ELEEAE 45~55 “CYEIRIN, =K & S biE
TRt e L2 140 T o A4 0, 76 55 “CRf = I ik B ok
{H, ]9 33.51%; Wi T A LS A 4R 22 Tt i, — IR 10T
B PR R R IX 5 DR AR AT ST A SR AR, TS
TR A4 B 11 0 I A X8 52 A RS9 B2 G D 1 R, 25 g

a 34.0r
3351
33.0F
3251
32.0F

K%

3151

31.0F
3051
30.0

45 50 55 60 65
T IR EE /°C.

b 305

300

295}
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R R %
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% 47% 517 135
. 320¢ [ 320 3 7 2K A 1 ot o, 25K ) 35 4 b
315 [ L KA AR PR T, U 4 G O K R 2
L FRUEIEAT AR S 25 . KT REJZ 1 T8 1 R 17K
® oof AL LT S 1 R, 2 3 10 % B Y E )
£ 200 L SR SE A KA RIS B 1. A B K
ol WIS L OB AR 38 o3 TR AR 1043 T
ses| W2, 2 AT RE S B 0 S BOE AT,
2800 . . . . ML PSRRI N 6 h BTSSR R
Y e T 2d 7, B OB EC R, 9 3 £ TR
| = b B = A i S S IS TR R e R R 3 7
¢ jgj) WORHEE 621 (mL/g) BF, =0k & BB 8 o WOk L i MR
| FF 527 A 2 TT i P T i 2 50 S 2 1 1A A T
<« ool BB AN TR 40k He 3ot 75 TR T R B
ﬂ?ﬂ 285 KA, SRR 2% . BRI, Se ORI 401,611,
% 280} 8:1 (mL/g) AT 5 Lma b i Af AL i .
275+ 2.3 [ SRR R N T AR AL
270} 231 W R
265 HRE A 22 a0 2 S T 60, Rk L L

2:1 4:1 6:1 8:1 10:1
WORFE/(mlL/g)
a. BEARILIE ;b. BEAR pH ;o BBARIH] s d. WORHE
2 ERmEUHNFEaERRE=MKP=ZREENFNT
Fig.2 Effects of enzymatic hydrolysis conditions on the tripeptide

content of collagen tripeptide from tilapia skin

fiff ik BEAE 35~50 “CH, 7K fife J32 Bt 1l B 1) v AN BT K
FE B AR IELEE R 50 CCR, 7K Af B2 38 381 de KA, Y i A L
JE =T 50 CHEZK A B TF U T B o 3 2 BRI Ay 308 3 X6 ity
i I 7 HAT BUER 5 0], S v Tt e ok T B v A S
R 2 7 A e s (e A AR L R A
AT 52 ] 1 il g S o7 I B AT o BRI L, 0 456 Tl i L
50.55.60 “CiF47 5 Lk b P AL i .

t & 2b BT, Y% pH (H7E 8.0~9.0 LRI N, %
A £ Rz B S = K ) = BK A e BE A A pH (A3 K
WM Th s W% pH {4 9.0 B, = k& L 24 B it
pH (KT 9.0 B, K& S BRI, pH A&t
R FE 1 I A 45 A SRR ) 22 ] B RS,
T 072 it 114 3 P DA R il DR (R 2545 RE T, e 25 Tl
it At S 0L (AR pH (B e B3 2 (R 4 1 Tl 2
6, B SN 2k o ZF b SRR pH (E N
8.5.9.0 F1 9.5 FE47 5 Lmi v i H A 15 .

N 2¢ 0T LA Y, = 0K f2: i 5 TG P[] 79 B
T BT, S A ()R 6 h B, =ik A s B s,k
31.76%, 4R it K F 6 h B, K& i 75,
X AT BESE T 6 h B2 A £ f7 5 T = A il gk S 7 42 30T
2N, 3K 5 SCHR[25-26] 1 B 5T 45 R — 3, 1 R
FH A 1 Tt K e e e e iz o) 65 5 D 8 1 O, 224 T i
BFIR]R 5 h B, 7K A 38 5 38 die RO 5 47 V120 ) XU 2

Mg pH 0T 27 A fa 7 I T = JUA Tl A RS 1 5 1)+
B2, HIt, A Design Expert 13.0 #4X Kt =R #E
o S VA TR AR R e FW ) W TN % Y L S e W &
WERWER 3 iR,

3 MEEREZITRER

Table 3 Design and results of response surface experiments

e A it BWCEHL/ C Tl fi =k
g/ C (mlL/g) pH ff T%
1 55 4:1 8.5 32.5
2 50 4:1 9.0 30.5
3 55 6:1 9.0 36.5
4 55 6:1 9.0 37.0
5 50 6:1 8.5 312
6 55 6:1 9.0 36.6
7 55 8:1 8.5 30.2
8 60 6:1 8.5 30.5
9 55 4:1 9.5 328
10 50 6:1 9.5 32,6
11 55 8:1 9.5 34.8
12 50 8:1 9.0 31.5
13 55 6:1 9.0 375
14 60 8:1 9.0 32.3
15 60 4:1 9.0 30.1
16 55 6:1 9.0 36.1
17 60 8:1 9.5 31.5

232 A5 mlEs b

K H Design-Expert 13.0 #0442 37 X DA 5056 5k
PEEAT R ZIC ARG, A Hr gl SR A5 2 3R R
JE R = K e B A R VRORE L R A pH (B AR
B AT R AR« =K 5 =-485.799+13.929 594+
2.066 7B+28.55C+0.020 2AB+0.0294C+0.488 6BC-
0.130 242-0.618B2-1.780C2,,
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Table 4 Variance analysis of the quadratic regression equation of
the response surface for the tripeptide content in collagen

tripeptide from tilapia skin

JIEORIR  EE AME ¥y R pfi WBFEME

e 107.87 9 1199 2566 0.0002 #Hlt?

A 0.020 1 0.020 0.043 0.8425
B 0.81 1 0.81 174 02287
C 7.72 1 772 1653 0.0048 AL
AB 0.17 1 0.17 037 0.5603
AC 0.069 1 0.069 0.15 07122
BC 4.08 1 408 873 00213 @BF
A2 41.72 1 4172 8930 <0.000 1 # k3
B? 21.10 1 21.10 45.17 0.0003 B2
c? 12.48 1 1248 2671 0.0013 W&
B2 3.27 7 0.47
ESe 2.14 3 071 252 0.1968
gl 1.13 4 02830

payill 111.14 16

38

36
8
0 RN
o 34 NN NN

32

30
50

8:1

. : N
@% 58 - 5:1 |wy%
%/*&/D 60 4:1 ‘*;)(y‘()

C B’

R 4 AT LLE R FE D 25.66,p (H
4 0.000 2, 5 i K-, J AU p=0.196 8>0.05, 4~ 2
BRI [E) T 2 5L R2=0.970 6, 1F A% R2,,=0.932 7,
Ui WL AR AY 5 S BRAR VI G, i O AR Xl e 400 5
B BB S e A R S IR IR R . W
FABEWTA, 3 A B2 ok = BB 5 ) 1 1 R
fife pH E OB LR 22, BRI I 5 e /N . 28 B0
BCOHUR} L5 i pH (R Xt 2 a7 At ] 46 1) i Dt
KA =R SRR B AB (BRI 5 ROk ) X
SRS = WS R T AC (iR B2 5 i % pH 1) -
(] YR (473 5 R BOH 2.06% , /N T 10% , 32 R 5 (1)
AT BE VR BE 5
233 ZHAEHS

VT PR 2R A2 A FH 4 o 7 T 55 45 e 2 DL 1] 3~ 5.

il 3 Fros YRR pH (R 2 B Bl A I R
FRORELE 093G N, = IR 510 5 B A o e UL 2
AR E 1) A8 ) o7 T LA o B A A A e e s, S5
LRI, 454 % 4 1 AB 22 B3 p=0.560 3>

R E %

B R/ (ml/g)

A IR/ C

3 BREBEESHEHMILIEERNBNEESSEE%

Fig.3 Response surface and contour lines of the interaction between enzymatic hydrolysis temperature and liquid-solid ratio
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Fig.5 Response surface and contour lines of the interaction between liquid-solid ratio and enzymatic hydrolysis pH
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Fig.6 Molecular weight distribution of collagen tripeptide from

tilapia skin and commercial collagen tripeptide
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Table 5 Hydroxyproline content in collagen tripeptide samples

from tilapia skin and commercial collagen tripeptide

F i FRN SR 5 42/ %
B R R R =k 10.50+0.23
MR = 1 10.210.16°
TR =k 2 9.30+0.28"

T R A0 RN R 3R 25 57 B 3, p<0.05
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Table 6 Amino acid composition of collagen tripeptide from

tilapia skin and commercial collagen tripeptide

%
TR PR U |00 S T T Dikiid
JE =K =hk1 =hk2

%R (His) 1.32+0.12¢ 0.55+0.15° 0.97+0.08"
e &R (1le) 1.28+0.12¢ 1.26+0.06* 1.30+0.08°
Fi R (Val) 2.15+0.02" 1.95+0.10¢ 2.40+0.08¢
2R (Lys) 2.61+0.07" 2.38+0.11° 3.32£0.15°
AR (Met) 1.45+0.17 0.26+0.03° 1.050.06
5L (Leu) 2.73+0.120 2.75+0.15° 2.02+0.09"
RN (Phe) 1.22+0.02" 0.98+0.05¢ 1.76+0.03¢
J1E R (Thr) 2.66+0.12¢ 2.26+0.13 2.35+0.05"
Ji% 22 (Tyr) 0.17+0.10° 0.26+0.03" 0.310.06°
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TR S 93.50+0.07*  93.15+0.05"  89.19+0.09°
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Fig.7 ABTS" free radical scavenging rate of collagen tripeptide

from tilapia skin and commercial collagen tripeptide
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