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AR HPTEALm 1 - DURE S B IR ERERERY

B~ SERISEER R BN B -
AR J5 i
— bR

(—) REBRE

NH SRS - fadeieRk 25 ~ 30 eom >
HEEERY 1000 g - #ETHVLHZEEERLL 0.3 M HCL R
IRy - LUK BB E IR -

(D) EEEBDHEER

(24 L), Protease Type XIV
(Streptomyces  griseus) (4.6
Collagenase (0.33 units/mg solid ) ¥l H Sigma 1t
E2/\F] (St. Louis, MO, USA) °

Alcalase

units/mg  solid),

(=) {LBER

R EE
[K3Fe(SCN)g]) ~ &b (ferric chloride, FeCly) 5
i B Riedel-de Haen (Seelze, Germany) -
a,a-diphenyl-B-picrylhydrazyl (DPPH)~ 7S FH EL POl
(hexamine) ~ TMM (tetramethyl murexide) i H
Sigma 1k 2 /\ & (St. Louis, MO) - & fif
(hydrochloric acid, HCI) ~ =& E&ES (trichloroacetic
acid, TCA) ~ &/t#f (potassium chloride) ~ FREEHH
(copper sulfate) i 5 BRvefLE2 N F] (E. Merck,
Darmstadt, Germany) °

(potassium ferricyanide,

=~ Hlglitk
(—) BERKEEREVE

i1 Takenaka et al. (2003) FHiEERRIKS
WE LKy RABHEE 5 ¢ (RIPABRBIRE
H) » 73 BIIA 20 5 E#EF7K (w/v) > DI NaOH 3
# pH fEky 8 % - EBIIMA 2% Alcalase Jz 3%
Protease Type XIV Ji& 50 C/KBHHAEIT/KfE (B3R
TSI —4 > pH ~ IR R —4%) - 73 BIHE 0~ 1
2~ 3~ 4 Shr kR (0 hr By ABERBAII G
BIJTE) » 2Rk RIS 100 °C FANEL 10 min
R R ITERC L S > FFLL 6500 x g #fE(s 20 min »

FRERLIER (Advantec Toyo No.2, Japan) &
I8 KRR EZ Ok R % » HUREZR) RO R
BIREE 50 mg/ml RS - HEHEEYIRE—2
DB GHEET ~ 158 DPPH H HEEES ) FOE
REJTESMTH] - REDAFTSAALIE I 5RES I E & H I
KRR AR BT T —RUKfE (1% Collagenase ~
pH 7.5~ I8 & 37 °C) - Alcalase Eil Protease Type XIV
IR R [R]_E P -

(D) KR DEl

JKIEWE LA Amicon 35 8 JRAH SE B 1T &
43 JEIEE 10 kDa ~ 5 kDa » BUAHY 10kDa ~ 5kDa ~
10kDa Jz/NfA 5 kDa (7 JEIRHREZERY AR 1% BoBERK
IR 50 mg/ml 2 IRASETTHIELHIE -

(=) KRR Y2 BR

I Konosu et al. (1974) J5i% » B 7%
TCA HEFTHEH < B 10 ml ANFEZK R Z K EEY)
A1 30 ml FEHZZ 7% TCA » DIHE#E (Polytron
PT-300, Switzerland) 38 2 min > FH& 4000 x g~ 4
CHEC 20 min > _FJEWHE (Advantec Toyo No.2,
Japan) JEHUETE - BATERTFIIA 7% TCA
DL EERERIR - @I IR &R - A
LM < CREERIRT LR TCA » HE LKL E
HRUE KA IR A KR TR 40C) £
ZIER - DAEBEF/KEARZ 10 ml - B TCA Hhif
Yy o QLIFFEERG BANE K 1 SRR ST -

(70) hs@hL Bk DA

HYfT3 TCA #4771 ml > 2L 0.02 N HCI 3#
EMREEIGAS 0.2 pm JEIEEER - BEA] Hitachi
L-8500 Amino Acid Analyzer (Hitachi, Japan) 4347
B R 2 i -

(h) EBEREE DN (combined amino
acid, CAA)

&1 Konosu et al. (1978) J57% - BUFjult TCA
HiHE®ILL 6 N HCLAE 110 °C Z5EHINEL 20 hr %
FHERET o R T I FER - Pt R RE e B
LG R B R R S I HERR - JRRINET &
CMEFE -
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(N) MBILEEZNE
1. {5F% DPPH HHHHE ) < HIE

¢35 Shimada et al. (1992) EHIEZ - HL 1 ml
LKA 1 ml 2 0.1 mM DPPH {5 (&
95% W9KE)  IREGHTERER (25~27°C) K&
30 min - IR ZLBETKEUA - ] OD 517
nm - BOGE R FRRITERIR S EE 1 &
i o HRBUE R R A (GRS
PEHIRH OG- SO G E) AR IR o P2 R R
Ye{E] x 100 > o EEsrR DA C (L-ascorbic acid)
EOEEIEAE (positive control) °

2. @IUIHE

KB Oyaizu (1988) FEHITE L - HY 1 ml BN
1 ml 200 mM FEREEESEMEAUR (pH 6.6) B 1 ml
1% potassium ferricyanide JE&E#HA 50 C /K
W FE 20 min > SR AN 0 HIA 1 ml 10% TCA
A BN EETE 1 ml 1 1 ml ZX88%7K 52 0.2 ml 0.1%
ferric chloride {8%% @ IR &¥IZNE 10 min % @ i
700 nm JHIESEAE - BOBERS - FrkkinmER ]
A o

3. BEHMET e

45 Shimada et al. (1992) EHIZEZ L 1 ml
JKFEFEHIIA. 10 mM hexamine » 10 mM potassium
chloride }2 3 mM Z copper sulfate JE5%& 1 ml
BEIA 0.1 ml 2 1 mM TMM - fE=3 (25 ~
27°C) TIJE 3 min - & 485 nm ISR » 1
HR R RS HRE AR AeE - DL [1-(B
WSCARL AR o FEHIRHIROEAE)] x 100 % 228
HEt&E - IS EEGRE I H 0% -

EEEHIE L SAS (Statistical Analysis System)
FEHE GLM (General Linear Model Procedure) §R#S
fE B |f) %8 S 8 4> M7 (One-way analysis of
variance) » 3 DLERH = % 8 I B (Duncan’s
multiple range test) HI'E &R < 225 B
JKHEE By 0.05 -

i S S 3 i

— ~ SRER AR R BRI Z DA
etk

(—) AAERKERNELEZ LR

a,a-diphenyl-B-picrylhydrazyl (DPPH) jF—&
B EFAEH A - 1E 517 nm NEIEATIR
KA - EREVTREbRE 2 R B E TR e
THIRESIIRE - WM R Eg 2k » #E L AE AR o
eSS A AWEKR DPPH H B E Z BN
(Brand-Williams et al., 1995)» X f3fiA AN 713 MK
B e RIFAEERUE 3 H AT ARG IR R
ZPHIE R &R - KIEF e FE L )y
A EmEG A H HERERREEST o ) J7.28]
ERNTRE 8] potassium ferricyanide Hf Fe'' 3
Rk Fe' < BiaBEHE T - 1T Lo Sk 1 i
Fe'" /4 gk oh 3 AL $ BN % & + % (Prussian
blue) » 7£ 700 nm NHEIRZWGE » BB EEE
HE )58 (Oyaizu, 1988) - SyHllEHYR AL -
EIBBE TR ~ ST EEA S NEHIE R
LRI E - BCERER BB 28 &5 Kbk - [ERERE
NEE R A LEZRK S -

VR S0 f FE BRI I B A [ I SR B K B
JKfgts - BREKR DPPH HHIEE ~ BIF ) RS
HEHEJI4N Table 1 Ffi7R o A55RER - Bl 2%
3% Protease XIV RIBEESHEZE 2%
Acalase + 3% Protease XIV) /KfiE0~1-2~3+4
Ko 5 hr > FE AR /KR » 7K iR 4 hr > HE
kx DPPH H HIERE T B ¥ Bl m L Bl AR
BRA - HhDUR GRS REE et - HiE
bR 2338y 86% » Alcalase $H 5z Protease XIV #H43
AFs 85% 5z 83%  MERFEFHEA 3 C 1000 ppm 2
96% » HEHI SR BRF BRI i 2 B SRR IR R AT RE &
GRIVEFIYEEE - R STt LIE
GEEEMTR - HAE S hr Z/KERFEA - ¥kEE
TK R R B R T BN 22 1.9 HZ by Protease XIV
Ry 1.58 » H /KR 2 3 hr » HBFJHIBIA AR »
Alcalase #HRI{E/KAE 4 hr i e Ry 1.24 2RI
1K - TEZE S 8Bt /531 - DL Alcalase #Hi2RE I8
o o E KR 1 /INFRRIRG By 54% - R A AR -
Protease XTIV #H J k& 5 B 22 4H Rl /K g iRs ] by

Alcalase ~
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Table 1

The scavening effect on «, a -diphenyl- 8 -picrylhydrazyl(DPPH) radical, reducing power and chelating

* ability of tilapia scale collagen hydrolysates with 2% Alcalase and 3% Protease Type XIV

Hydrolysis time (hr)

Cof:kz)%n;teion Control 0 1 2 3 4 5
Scavenging activity of DPPH (%)

Alcalase 95.70£0.00?  54.27+0.32° 61.62+3.67¢ 67.71+4.86° 80.60+1.57°  85.22+1.99°  73.66+1.68"

Protease 95.70+0.00 66.59+0.05¢ 73.52+2.94> 79.90+1.98* 81.44+1.15* 82.98+1.16° 82.07+1.68°

Alcalase+Protease  95.71+0.00 63.30+1.47¢  72.26+0.00¢ 78.36+1.47¢ 81.93+1.26"® 86.06+0.73"  84.17+0.73°
Reducing power (700 nm)

Alcalase 2.41+0.00 0.59+0.00 0.77+0.01¢ 0.87+0.01¢ 1.08+0.00" 1.24+0.00° 1.03+0.01¢

Protease 2.42+0.00 0.84+0.05°¢ 0.99+0.04> 1.14+0.10° 1.42+0.14% 1.50+0.172 1.58+0.10*

Alcalase+Protease 2.41+0.00 0.86+0.00 0.99+0.04¢ 1.20+0.01¢ 1.52+0.02¢ 1.64+0.07° 1.90+0.01*
Chelating Cu?* ability (%)

Alcalase 61.78+0.00 50.65+3.27" 53.68+0.37° 53.89+0.78% 52.27+1.42®  54.12+0.72°  53.92+0.56°

Protease 61.78+0.00 42.99+2.05° 41.68+0.28"° 40.59+1.59% 38.19+1.07* 37.38+1.40°  34.48+1.49¢

Alcalase+Protease  61.77+0.00 42.99+1.12°  41.18+0.05" 39.96+0.14° 37.38+0.09 36.07+0.37¢  32.11+0.23

'Control: DPPH (Vit C 1000 ppm); Reducing power (Vit C 1000 ppm); Chelating Cu?* (EDTA 1000 ppm)
2Values are mean + SD (n=3). Different superscripts indicate significant difference (p < 0.05) between different samples.

Table 2 The scavening effect on «, a -diphenyl- 3 -picrylhydrazyl (DPPH) radical, reducing power and chelating
Cu* ability of tilapia scale collagen hydrolysates with combined treatments of 2% Alcalase and 3% Protease Type

XIV
Enzyme’ Hydrolysis time (hr)
Combination Control' 0 1 2 3 4 5
Scavenging activity of DPPH (%)

Alcalase 4—Protease  95.70+0.00° 60.95+0.43¢ 64.09+2.56" 66.09+1.15" 67.04+0.91° 67.14=1.24" 64.38+0.87°

Protease 3— Alcalase  95.72+0.02 58.28+2.15* 58.00+1.24" 56.00+1.71¢ 59.80+0.59°" 61.04+0.87° 60.95+1.08°
Reducing power (700 nm)

Alcalase 4— Protease ~ 2.41+0.01  0.78+0.01¢  0.98+0.06°  0.96+0.02¢  1.08+0.07°  1.33+0.02"  2.02+0.04°

Protease 3— Alcalase ~ 2.40+0.00  0.85+0.01¢  0.91+001¢  0.94+0.01¢  1.11+0.03°  1.36+0.10"  1.86+0.09°
Chelating Cu?* ability (%)

Alcalase 4 — Protease ~ 61.77+0.00 53.21+0.18° 52.82+0.85% 51.98+0.10° 49.97+0.24" 47.76+1.03° 41.79+1.55¢

Protease 3— Alcalase  61.78+0.00 53.12+0.43° 52.49+0.38° 51.28+0.14" 49.30+0.24° 47.94+0.42¢ 43.21£.33¢

'Control: DPPH (Vit C 1000 ppm); Reducing power (Vit C 1000 ppm); Chelating Cu** (EDTA 1000 ppm)
’Enzyme combination: Alcalase 4 — Protease, The collagen was hydrolyzed with Alcalase for 4 hr previously and then with
Protease Type X1V for 1~5 hr. Protease 3 — Alcalase, The collagen was hydrolyzed with Protease for 3 hr previously and then

with Alcalase for 1~5 hr.

3Values are mean * SD (n=3). Different superscripts indicate significant difference (p < 0.05) between different samples.

RmERHMEH#EES - i S
4 hr > Protease XIV #H7Kf# 3 hr [7iE

» DI Alcalase #H7Kkfi# ) ZIRNEESRIKERT

AR 4

RINEILIERZ LR

hr - BIA[1S2(#s@iEER DPPH H AL ~ &7 T K
BOHARETRES ) « IKIL > LA Alcalase fH7Kfi# 4 hr J¢
Protease XIV FH/Kf## 3 hr 2 - E—FEHEHREL
WAt R ORI SA L e -

DA b ot i 7 3R 2 B /K ISR TR JKE 2%
Alcalase 7Kfig 4 hr 223578 > B3 DL Protease XIV i
T RKE » KfE0~1~2~3~4 K 5 hr (Alcalase
4 — Protease) #H° 5311 3% Protease XIV 7kfig 3 hr
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Table 3 The scavening effect on a, a -diphenyl- 8 -picrylhydrazyl(DPPH) radical, reducing power and chelating
Cu?* ability of tilapia scale collagen hydrolysates with combined treatments of 2% Alcalase , 3% Protease Type XIV

and 1% Collagenase

Enzyme?

Hydrolysis time (hr)

Combination

Control’ 0 1

2 3 4 5

Scavenging activity of DPPH (%)

Alcalase 4—
Collagenase

95.70+0.00°  50.07+2.23> 55.37+2.32?

56.74+3.13% 54.24+3.41% 52.80+3.99% 44.77+2.39°

(Alcalase + Protease
4) — Collagenase

95.71+0.00 61.43+2.86" 58.22+2.33"

58.22+2.65> 59.11+1.52" 63.82+1.81° 64.05+2.92°

Reducing power (700nm)

Alcalase 4—

2.42+0.00  0.77£0.04>  0.97+0.04 0.80+0.03" 0.80+0.03"  0.83+0.04®  0.85+0.04
Collagenase
(Alcalase + Protease ) 11 10 (86£0.01°  0.94:0.01°  0.93:0.01° 0.9320.01°  0.96£0.02°  0.95%0.01°
4) — Collagenase

Chelating Cu** ability (%)

Alcalase 4 61.78+0.00 54.19+0.43° 54.47+1.19° 54.44+0.04° 54.23+0.12° 54.05+0.37% 53.68=0.27
Collagenase
(Alcalase +Protease (4 o ) 0 42 4640.947 40.83£2.35" 42.33£043% 41.78+0.07° A41.73x038" 41.5240.27°

4) — Collagenase

'Control: DPPH (Vit C 1000 ppm); Reducing power (Vit C 1000 ppm); Chelating Cu** (EDTA 1000 ppm)
’Enzyme combination: Alcalase 4 — Collagenase, The collagen was hydrolyzed with Alcalase for 4 hr previously and then with
Collagenase for 1~5 hr. Alcalase + Protease 4 — Collagenase, The collagen was hydrolyzed with (Alcalase + Protease 4) for 4 hr

previously and then with Collagenase for 1~5 hr.

*Values are mean t SD (n=3). Different superscripts indicate significant difference (p < 0.05) between different samples.

JAE1R > FELL 2% Alcalase 1T KUK » 7KfiE 0 ~
1~2~3+~4 } 5hr (Protease 3 — Alcalase) #H » &F
R —ROKEYEERR DPPH H HE: ~ &)
B B S T-REJIAN Table 2 FRs » FEREETR - 1E
SERGHA - bR T AR ST AR —RKEZE S hr
A —ROKEYSL - HERIERR DPPH H L 52
BB FREJ IR — XOKIRY) - BEEmNE 0 &
TROKfRS - BERR DPPH HHIE ~ RIF TR
EHEEFRES) o IR A SUR - AR R
B o [KEE—JOKE Alcalase #FiRABERAH
FFLL Collagenase EfT _ZR/KfE - F5540 Table 3
Fii > #% Collagenase HE1T — R/K it REE Bk bR
DPPH H HEL ~ 8 7 S & it 1-REJ 1 SR -
ZBYIEALRE ST BB s N - DL 2%
Alcalase 7kf# 4 hr /K4 - Kim et al.
(2001) LA Alcalase ~ Pronase E J Collagenase f#fi%
= BRI EZS - 7K R 3 I £ fR Rz B
B RS REURRGE S % L KR B A IRERRY
PisALRETT - (HASEE =g Collagenase 7Kfif#% - if:
A EREHPTSAALRETTZROR » A RELA 5
FEAEX -

(2) TEBtIREELER CAA 1EKRERRT 28 L ER
MBI 2RR

RSB H L. 2% Alcalase /K fEHAR] -
el B R B CAA {E/K iR, LA Tables 4
& 5 FfzR o ZKIEFTHA (0 hr) ZAREEL A I S B
WIEARIE - HERIRTREZINR 0 hr BYREER 500
UN- = SiccaRiake HIF SN = JLF IR £
PR B = BRI © 0 0~ 1 hr 1% > FHR
BERVEA - BEIGHRIAE NG AR S RSassyin - B
WK R IR B R T AT AN 3S - (K2R 5
hr 18§ - FUEA MG A RE Ak B AR & B i
$ga > Hrp Hyp ~ Glu ~ Pro J¢ Val SFZAE - 16
A A R /K AT S 0~ HE 3 ] RE B B SR Y11 A
B o BEE R R IR N T 2 SR
FLPR > FH Table 5 #EREUR > SE B E A1
IKFERTEIRNE R CAA - & RIBE /K fRRs g R
HHINAEESS - 2 3 hr RS ESERIREES - R
I 7K iR T 0 B ST A R BS - HEHI AT REZ:
R R B8 e B R T — R 2 1% - M
FEREIE TS o0 il o W NG BB - et /R ARG I
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Table 4 Changes in free amino acid of tilapia scale collagen hydrolysates during hydrolysis with 2 % Alcalase at
50°C for 5 hr (TCA-soluble)

Unit: mg/100 g
Hydrolysis time (hr)
Amino acid 0 1 B 3 4 5
Hydroxyproline - - - - - -
Aspartic acid - 15 - - - -
Threonine - 2 - - -
Serine - 3 4 8 9 12
Glutamic acid - - - - - -
Proline - - - - - -
Glycine 6 22 24 24 41 57
Alanine 10 28 53 44 59 67
Cystine - - - - - -
Valine - - - - - -
Methionine 33 233 325 331 404 478
Isoleucine 52 112 125 126 126 126
Leucine - - - - 373 375
Tyrosine 50 102 198 224 277 298
Phenylalanine 69 224 245 244 267 281
Lysine - - - - 51 82
Histidine 17 37 35 37 55 108
Arginine 12 112 63 63 103 157
Total 249 890 1074 1106 1765 2041

'Not detectable.

Table 5 Changes in combined amino acid of tilapia scale collagen hydrolysates during hydrolysis with 2 %
Alcalase at 50°C for 5 hr (TCA-soluble peptides)

Unit: mg/100 g
. . Hydrolysis time (hr)
Amino acid
0 1 2 3 4 5

Hydroxyproline 3730 8680 8525 9305 7610 7845
Aspartic acid 2185 4215 4890 4850 3935 4250
Threonine 880 2125 2390 2430 1975 2185
Serine 1342 2841 3270 3270 2725 2990
Glutamic acid 3870 8606 9325 9190 7400 8075
Proline 4844 9354 11044 11818 9202 9872
Glycine 9897 18708 22335 21690 18110 19740
Alanine 4140 7555 9055 8760 7340 7855
Cystine - - - - - -
Valine 715 2009 2095 1895 1550 1600
Methionine 75 1365 1520 1540 1020 1080
Isoleucine 460 1142 1350 1295 990 1025
Leucine 1110 2244 2710 2590 2120 2225
Tyrosine - 665 810 770 600 705
Phenylalanine 817 1570 1960 1990 1590 1670
Lysine 1300 2267 2712 2640 2225 2320
Histidine 312 905 1105 1040 880 990
Arginine 3307 5930 7270 7330 5655 6545
Total 38986 80183 92367 92403 74927 80972

'Not detectable.
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Scavenging effect of DPPH (%)

—&— > 10 KDa
—O— 5~ 10 KDa

201 —¥— <5KDa
Fig. 1 Change in the scavenging —A— Vit C
effect of DPPH radical of different
molecular weight fraction of tilapia 0 & . . . .
scale collagen hydrolysates with 0 20 30 40 50

2% Alcalase at 50°C for 4 hr.

Rl AR & BRHEREIN - A CAA S EHIZ KD
FITHDL > 7K S hr LA CAA EEEIKEE 4 hr
T > HEHITRERZ AR B I 2R /K 2] S hr A [0
AR BREIE TS - T CAA & B InAIEEs -
R R AR - BB BARR L CAA S &R
BT EA LM A RE B SRR - LS
KA A o ME T R A R R E TSR L R RS Y
FERT -

Suetsuna et al. (2004) FHFKJJEBRB R IET: -
oy B M Ak i B PSR W M TS
Leu-His-GIn-Pro-Val-Pro-Glu J% Val-Ser-Gln-Pro-
lle-GIn-Gln-Glu ; i ffa SEHAB/K Y - #or it
#AL i B A PUEALE 2 T Gly-Glu-Hyp-
Gly-Pro-Hyp-Gly-Pro-Hyp-Gly-Pro-Hyp-Gly-Pro-H
yp-Gly J¢ Gly-Pro-Hyp-Gly-Pro-Hyp-Gly-Pro-Hyp-
Gly-Pro-Hyp-Gly (Kim et al., 2001) > Mendis et al.
(2005) tEhO#EE (Johnius belengerii) £ ZHAR
HrorEfsli{bH His-Gly-Pro-Leu-Gly-Pro-Leu Z 71
FALHET: » DRSS BURTEE S P L I T 3
HESEAE Pro  [RILHEH] S 2 R S B 1 /K g
W TR B FTREBLE TS 51 Pro R -

Concetration (mg/ml)

=~ RE S BB IS R R K T
sl P IEAE

(—) BFx DPPH BEBEZEED

AT 2% Alcalase 7Kfi# 4 hr Z 7Kg > LU
EEIRAASEE - B4 i & AR 10kDa ~ 5~ 10
kDa Jz/NA 5 kDa 55 ={[EH57 » 1@ REZIE R TIE
fx DPPH H HiELREJJHIE » #5IRAN Fig. 1 FiR - 1E
50 mg/ml EET » K2 10 kDa ~ 5 ~ 10 kDa k27
A 5 kDa Z7KkfiEY) » Hikx DPPH H HEGES 153
Ak 71% ~ 85% Kz 87% » LISy T8 5~10kDa 2
KR ETEYRREETE 20 mg/ml - HiFkR DPPH fE
T R BRI AR AT/ NP 5 kDa HIZ2FE
Z YRR BRI R D A R DRy g -

(D) BREAN

FI RS & B 2 AR SR A Rt i T S AR
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Studies on Antioxidative Activities of Hydrolysates from
Fish Scales Collagen of Tilapia

Chih-Hsing Lai', Pei-Chien Wu', Chun-Heng Wu' and Chyuan-Yuan Shiau®"
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*Department of Food Science, National Taiwan Ocean University

ABSTRACT

Collagen from tilapia fish scales was hydrolyzed by three kinds of commercial enzymes (Alcalase, Protease
type XIV and Collagenase) for 0, 1, 2, 3, 4 and 5 hours. The antioxidative activites of the hydrolysates were
measured by the scavenging effect on o,a-diphenyl-B-picrylhydrazyl (DPPH) radical, reducing power and
chelating abilities of metal ion Cu®*". Results showed that the highest antioxidative activity was found in 2%
Alcalase hydrolysates at 50°C for 4 hours. Three fractions of the hydrolysate with different molecular weight
were separated by using ultrafiltration. Fractions with 5 ~ 10 kDa and < 5 kDa had a higher effect on DPPH
scavenging. Reducing power increased with the molecular weight of the fraction; fraction with 5 ~ 10 kDa and
<5 kDa also had a higher chelating ability of Cu". The hydrolysates of scales collagen possessed antioxidant

activity, and the mechanism of antioxidation seemed dependent on the molecular weight of the peptides.

Key words: fish scales, hydrolysate, antioxidative activity, collagen, tilapia
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