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Purification and Characterization of Antioxidative Peptides
from Enzymatic Hydrolysate of Cod Teiset Protein
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In order to utilize by-products which would normally be discarded in marine processing plants, cod teiset protein was hydrolyzed and
antioxidative activity of the hydrolysate was investigated. Antioxidative peptide was isolated using ultrafiltration membrane, ion-
exchange chromatography on a SP-Sephadex C-25 column, gel filiration on a Sephadex G-15 column, high performance liquid
chromatography on an ODS column, and capillary electrophoresis chromatography. Antioxidative activities of the cod teiset
hydrolysate were compared with a-tocopherol, one of the commercial antioxidant. The hydrolysate passed through a membrane with
molecular weight cut-off (MWCO) 1 kDa was shown the strongest antioxidative activity, and the activity was higher 10% as
compared with a-tocopherol. In addition, the peptide isolated by ion-exchange chromatography, gel filtration, and HPLC, respectively,
was higher 53% as compared with a-tocopherol, and the amino acid sequence was Ser-Asn-Pro-Glu-Trp-Ser-Trp-Asn.
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FAAG A3tE FAFAY AL BEE Y3} A
o2 13 FE7|Fe et AFAse A4t Adde A
2tt)Z scavenger, HAISE S HlEgTZ R £33 o £EYATE
FA3E EA, nF5E9 A FARLE RN 3
B8ASA, AFAse oA god AFA S FEA] Fust
FLE TN A 2 4% AL AE AAFE singlet
oxygen quencher $2& 78t FigAE A 24 F 2
Fo2 EF=HeH, AA primary £ chain-breaking antioxi-
dant24 AAd#3 st ¢ ¢AF YLER virE
2§73 €4 secondary = preventive antioxidantZA & |
Mgl A8 AFAE AQAE 2§22 £FEY (Ab-
mad, 1995).

Primary antioxidant= 4oz <Ad Hodg wEs] 9
& A felgdded f4249A8 ATHLEA A 9%
AA g AFAE et o] P FAHAE R
HE28H$E2A atocopherol® 1 #H (Aoyama et al, 19
85) ¥ quercetin® caffeic acid (Hodnick et al,, 1988) %< flavo-
noidZI7} €& A Utk Secondary antioxidante &4 X FollA
& F43 2945 JehRA AW primary antioxidantd] A7
Z A7 AY prooxidantd] EHE AHA ) o) Feho F
234 & atocopherol® ZL primary antioxidant®} 4¢24-&
7hA%E QAR (Hudson and Lewis, 1983)% ascorbic acid
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(Bendich et al, 1986) °] itk

HEFQ A3l A A
3 AAE A griZdolu ‘0,9 93] AAEY FAHH EH7
ddHoz dojue 22 o5 dHEA FAsAV EAT
dole slEsA OHZIZF A9 fe7] &AM F&3td {74
Ao 27] gAY B fErEe] 4T TB ENAE F
HIATF st AsF LS AAA o). oG FAsAE 4
Z2 NE &2 g TEAYMNE 9 flavonoid == FHEA g
TEDZ YRE EXF 2d FEAH 9BF € AEY gld S
BAEHE o7 Heo =Xz dasiEA o] dehte A
o2 B35 9l=u), Yamaguchi et al. (1979) djFg493d @
L4719 7H5E 88, Suetsuna and Osajima (1989)2 o]&¢
BAe] JtFEHEe] FAREHE MG Bauggd

durE o g FARAT FAFASA G FHEISA R
o, $4FNeA e FEAYNA 24} 4F 44F T 9
&2 9, 53| butylated hydroxytoluene (BHT)2 71344 &=
€ ¢ #oqde Aoz HuFo (Branen, 1975) Hold
Al azte] ve] 22802 J&f FAA HI e ud, Hd
FASAE HZEo] A glo] AEHNE Ev FFLE €4
dg oj&H1 gl 2 AdFEsA F 7HF de olgHe
a-tocopherol®] 73-¢ ¥4 7t AgAolge o] &4 Age
2 OA AAFLSAY sido] a7EHR e Aol

ged] B dFdMe £A7FITRAM FAE2 JuH F
Z1ge d7g g (ZU)E 58302 o] §3y] §3td, Uy

F2 e exy 49 9
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BLE 7HFEHAA 3B SIS AHEste B EER
3gen, olg Hetol= FoA FAstEA ] Hold HElol
olgug A=vtEIHY, A A2vEIHY ¢ HPLCZ
c AA S ojulxAt HjES AAFoEH N2E PP
Ze £3¢ 424 3.

ox Ao I ME

mlo _E. mlm _M, tlo

X 2

£ 490 A123 dlF (Gadus macrocephalus) 9] LU= 324
BN GAF A GojAHAA FHE FHE Y npAF
g, —30£2C9 $ZE AR T AFe AU

V28 A AHEE HAQ papain, a-chymotrypsin, trysin %
pronase E¥ Sigma Chemical Co. (St. Louis, USA), Alcalase$t
Neutrase= Novo Co. (Denmark) 2 2% ¥ T3, F4+344
ZAo) AL4-3 linoleic acid, thiobarbituric acid® Sigma Chemi-
cal Co.lZ%EH TUFASM, a-tocopherole HMfELE (B)
(Japan)l A 743t 2 99 BE A G E4& SFALE
AHg-at gt

HTIY 98AS SN A EAFER £ 98 &
9]t B3] (yltrafiltration membrane system) Millipore Co.
(Bedford, USA) 2248 T34, AL ® H& ¥A4F SAY
#) (molecular weight cut-off : MWCO)7} 22 10 kDa, § kDa %
1 kDaolid}h #d - AAA A8-8 A& Sigma Chemical Co.
ol A T3 SP-Sephadex C-25% Sephadex G-15¢]8], HPLCE
Tosoh Co. (Tokyo, Japan)$] ODS reverse-phase column (¢10.0
X250 mm) o] Z3¥ Spectra Physics Co. (Riviera Beach, USA)
o P 2000 2dE AHE3AY FA G Heolze &x AR
Bio-Rad Co. (BioFocus, USA) 9] capillary electrophoresis system
<+ AH&3

CHelzlo| Ji+Ral T 5

g 714 EAE o]8F dF Y 7t¢EHE (degree of
hydrolysis) &3-& Z} A& 0.5 g& Table 161 ebd ¢354 50
meo) EIAA 1% (wh) 7188922 BE O, 7 24 4
ALz gAY 4% wEATe F T det g ETY
A 2 & 3t 20% (w/v) trichloroacetic acid (TCA) 2 mé7}
Eoe Al 93, EHT F 448 (3000Xg, 10 min)
st oluf AMEE 71F o ALHE 100 19] HEE STt
FAET 45AE IFF A Lowry ¥ (195022 10%
TCA 7He-4 diAZFE ZAHE F, g Hoz2RE /H5idx
& A,

10% TCA 7H&4 @92 F

MR E(%) = ExTEE

X100

CHEE JbrEe =2

713 A @ HF A2HE 23387 HAA 0.1 M disodium

Table 1. Conditions for the hydrolysis of cod teiset protein
treated with six different proteases

Enzyme Buffer pH Tgurcn)p )
Alcalase 0.IM Na,HPQ,~NaH.PO, 7.0 50
Neutrase 0IM Na,HPO,NaH,PO, 80 50
Pronase E 0.IM Na,HPO,~-NaH,PO, 80 37
Papain 0.IM Na,HPO,~NaH.,PO, 60 37
Trypsin 0.IM Na,HPO,~NaH,PO:; 80 37

a-Chymotrypsin 0.IM Na,HPO,~NaH,PO, 80 37

hydrogen phosphate-sodium dihydrogen phosphate buffer (pH 7.
0 AHg3te s0CalA 71 o) &2HE 1004 1,0007HA] ¥
ANA NMFEHTE AEFAG B H3 9 7B s A7
A3t 02%FH %714 V1AFEE WIANIHA 48 &F
$43 2EdA JteRdete 7| dEEE AEFAL, 71 o
§ HA9 WAz g 2L FYE $F Y, 2x3dA
NAF= 1% 2 712 o &4n 10001904 2,4, 6,8 12 2 24
AZEL AL F VMRS AR

iR Ee Mz

7FEEHEL Kim et al. (1996)9] Wid ot dtaye &
23 JlsEHEL 74 %ﬂl%i 223 279 ga Az
Z EAE VMRS F 'Pﬂmlﬂr'!l FAE AHESlo Exp3
A8A7t 44 10 kDa, 5 kDa 2 1 kDa?l %l 232 E3AHA
283 & 220239 71eEHES AZSY

SIALSIEIA &X

g eisEe] FAs8dL linoleic acid emulsions
Osawa et al. (1981)2] ¥ e ule} linoleic acid 0.13 m, ethanol
10 mé, 50 mM phosphate buffer (pH 7.0) 10 ME E§3}1, o]
EFE 7H5EHAEL linoleic acid®] W3 44 1% (w9 &
2 F7hEe 401 1CE 229 FL7IWAAN AREA AF
A3t2 22 A4 Thiobarbituric acid (TBA)o| 9j3 343 &
A& Ohkawa et al. (1978)¢] ol w2t A3 F, 40T
A ) kA 7] linoleic acid emulsion 50 pfell 8.1% sodium dodecyl
sulfate (SDS) 0.2 m4, 20% acetic acid 1.5 ™ R 08% TBA 59
15 Mg W3 EFI O, SCAM 60E AT F 95T A 60
B 2AAA 83357 (Hitachi, Japan)E AH&-3to 532 nm
AN FE=E =39

sty Helo|=o| 22 - HH ¥ ofojit MY 24

gl o} ukg *}%3}"1 EAFEZ £YE M- EHE FAAA
gastggel 71 2 Aoz et 7Y JlrREHE 05
g% 20 mM sodium acetate buffer (pH 4.0)2 FH 34 SP-Se-
phadex C-25 ¥l TEFA Yol 3087 AL F, HF
FRES EE2A7A FAY FHE FEL 025M,05M 2 10



200 AAE - {9 R A3 - EAE

M NaCl €9 500 2 &2 §&% o0&, AVFA2
e AAS F FAAZXSA A3 E FHIAAG. o] 2w @
FANA £ JEFANA G20l 74 $4¢ 0.5 M~
10 M NaCl 8%¢ 4 z2nedddyes g3 &, 2
o3& #7] Sephadex G-158 FJAA gol2+g HIYFAZ
23 (¢2.5%x62 em)o] 0.5 g/mee] 7hrEAY 02 ME FYsL,
gol242 8% (f%, 1.0 n/min; £8%F, 5 nd)3 gt o] £§
TS ERREAZ 280 noolN FRE=E A3 FH3a, F
A7z8 ¥ 43S AYse a8 L 2R F
Hold #8384 & 717 EE HPLCAIA ODS reverse-
phase column (¢10.0X250 mm)& ol&3}d £23dAd). ol
£24£55 20 ol/min, 9V FHLEE 0.1% trifluoroacetic acidS
-3 H,09 acetonitrile (0~30%, 30 min) & A}&3te] A4
FETEL2 215 nmilH FFEE FAA RY3t, AFH
9 £28¢de 2AF A719% (capillary electrophoresis) & 2
g4t £, ofuiedl HEE N-TDo2HE o xitE
Y3 Edman¥ o2 A ¥, 7144 AFALEAT] (Per-
kin Elmer, New Jersey, USA)E AM4-3to] BA& g

ks

27t o

e D CHE] I3
d7e Iy G o] g AlG A4 7l EHEAE A4S
Z#E Fig. 19 YA} F, pronase ESt papain 2 7}
HAAL A NERHEs G 65% 2 A Jdegen 1 gge
2 Alcalase (52%), trypsin (38%), a-chymotrypsin (27%) %
Neutrase (16%) €22 Yyt o8 S48 gid 7t
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Fig. 1. Effect of incubation time on the hydrolysis of cod teiset
protein with various proteases. Substrate concentration
was 1% (w/v), and the ratioc of substrate to enzyme
was 100 : 1.

AL Al A3 A& WRE steEA S0 A dA3A
vehds ¢ F did
g0 ME 7S-SR S Gatsgs

g7 3y dwAdSs 7 giage sleRdsd $AAZE
7t 2859 linoleic acidol A9 4384 L Fig, 291 YERA

. & IR EY G L AlcalaseZ 12417 7R A
A A EAA M A UEson, oje Al® dddatst
A gtocopherolBth o 5% AE &Ao] A el 2d1,
7teRs) 840 A JeEld pronase EY papain 2 MRS
N e FAdFHL dERFEGE FRou A
AgdstAi e M 2B S | ofF ¥ & Jeh o
Fe Jtedes) g 4RAA7 98¢ HddFe
Aoz olgd At 7149 Ao] Bk ojle} 7 F4I} 7]
Zgste Ad $971 bda2y] gEo Nge 2 cndel 9X3e
oprxite] Z 77 EEfAEZ i3l g A o] taA Jehte A
o g #ddd.

1.0

0.8 1

0.6

0.4 1

Absorbance at 532nm

0.2 4

sifi=siBiRinln

A B C D E F G H

0.0

Fig. 2. Effects of antioxidative activity of hydrolysates of va-
rious enzymes from cod teiset protein on linoleic acid
autoxidation system. A, Alcalase; B, a-chymotrypsin; C,
Neutrase; D, papain; E, pronase E; F, trypsin; G, c-
tocopherol; H, control.

Hme| S =2

9% HA2AL F987) Ast WT 1Y AL A
Aol # 144 2 71A FE W3o] F BN 25 2
Ze Fig. 3 2 Fig 49 2. &, 718 o) 22971 100019 9
R ETL 53% 2 7MY S50 (Fig 3), 718 FEE 02
%N NHFEHEI} 63% 2 7MY Bgov NAFE 1% v 3
g Aot oz I AP ZAHY EHE AL A 1%
NAEE7 AP BodT (Fig 4).
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Fig. 3. Effect of substrate/enzyme ratio (S/E) on the hydroly-
sis of cod teiset protein by Alcalase.
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Fig. 4. Effect of substrate concentration on the hydrolysis of
cod teiset protein by Alcalase.

grejoiniatg 0|88t ViR S 22l ¥ sMiEy

A7 Y S AL AlcalaseE 1243 7HpEH st Az
A ERES EAF FAM7E 10 kDa, S kDa 2 1 kDadl %2
A U BYES 47 FHAAXE A EAL 2
Z3d< Fig 5% 2o &, A% AEA7E | kDaQl & £
o e JI5EEE B¢ 79N dzTROE o 87%,
A% Adga3tA Y atocopherol Rt & 10% = 4o ¥4
el e ™, 10 kDa® 5 kDadl @& §#35td & sl EHE Y
ARG E FAFustA e A FAEHTE Yee et al (1980)
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Fig. 5. Antioxdative activity of hydrolysates of Alcalase from

cod teiset protein in linoleic acid autoxidation system.
HCTP I, hydrolysate of cod teiset protein passed th-
rough a membrane with molecular weight cut-off
(MWCO) 10 kDa but not passed through a membrane
with MWCO 5 kDa; HCTPII, passed through a me-
mbrane with MWCO 5 kDa but not passed through a
membrane with MWCO 1 kDa; HCTP 11, passed th-
rough a membrane with MWCO 1 kDa.

< WFERAL pepsin® 2 JHFEIHAIN JHERAEY Fikg
B4& ZAE 23, dz7o vd o 80% A= FAFEA )
-1

=7t A8 713 Helwvtn Bastgch £, Krogull et
al. (1987)& AA3HEEQ ¢ 3 fejols B ofriite ZA
HOoZ A3yl doyn pH, &%, $£EEA 2 A&y A
A EA o] wet FastgH Aozt gt BIdY
31, Mitsuda et al. (1966)2 indole3-3HE 3} aromatic o474
A3 8L electron-donor2419} A3 A7} ok sH et
Z, A58 F7HA 7} indole® o] C,~CHAE Bo] A3lo|F
g AEES g F, 284 poololl A AIE wcto} C~CiE
e Adstn S04 AL B28A B2 Wit ggeon,
ZAE opH Al FoME S-hydroxytryptophan®] 713 &4t314
o] =ttx Hm3lgo,

st HEelol=o 2al - HH Y MLy

gargtgge) M Hold EAF FAEAIL 1 kDa? e
Eoste Za2ld HEEHES S0l AFFA SP-Sephadex
C-259M ds =l wat 4709 & (0 M, 0~025 M, 0.25~0.5
M, 0.5~10 M) 22 2&gch o] FAM 743 Hod A3
B4 B EYEL 05~10 M NaCl £902 £&5X7 23
ER279AE V122 ¥ W A3 a-tocopherol BTt oF
17%3% &40 &/ Jeldd (Fig 6).
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Fig. 6. Antioxidative activity of the fractions isolated from cod  Fig. 8. Antioxdative activity of the fractions isolated on a Se-
phades G-15 column in linoleic acid autoxidation sys-

teiset hydrolysates using a SP-Sephadex C-25 column
chromatography.

o] £ZEL A Sephadex G154 93 39 d&(I, £
19~29; I, & 32~41; II, ¥ 56~64) 22 B Ao (Fig.
7), A Ege 74940 8 117 AFIHAQ] e-toco-
pherolEt} 45%AE Eol 713 $+3 4T (Fig. 8). 4343l
7 £ 88 I+ HPLCE o434 94 ODS column 4
oM 549 Frez EHAeH (Fig 9), o1& & FIA
gaztgde 7929 M ¥ A7} a-tocopheroldl HlF 53%2AF =
Aol Eo} 71F SF39R (Fig 10), o] JEE ZAT A7
FEAXNE ol 43t ¢EE AT 2 v Heol=2 F
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Fig. 7. The Sephadex G-15 column chromatogram of the 0.
5~1.0 M NaCl fraction obtained by the SP-Sephadex
C-25. Elution was performed at 1m{/min of a flow rate
and the fraction volume was 5 mé/tube.
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Fig. 9. Reverse-phase HPLC pattern on a Primesphere 10 C-
18 column of active fraction II eluted on the Sephadex
G-15 gel chromatography. HPLC operation was car-
ried out with 30% acetonitrile as a mobile phase at 2
n¢/min of flow rate.

s

Ak (Fig. 11). F43H4 Hefol=g opuelt MES 4
A= Ser-Asn-Pro-Glu-Trp-Ser-Trp-Asn®t 2tk &, N¥d
Sero) 943 CTE Asn7t AXEFL UL, HEFAE Asn,
Pro, Glu 2 TrpE T4 513 nanopeptide® ¥AF < 1,140
Dafith

Bishov et al. (1972)& A& @ a2 0¥ 715EH A Se-
phadex G-10%} G-15& ol&3te] #& T & 15
kDa ©|49-¢ N33, Yamaguchi et al. (1979) ol F24
2L 7l428 3o Sephadex G-25 column “gollA A3t
FA3 e 243 An, 7Y FAse] & $EL vitamin

2
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Fig. 10. Antioxdativ activity of the fractions isolated on reve-
rse-phase HPLC chromatography in linoleic acid au-
toxidation system.
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Fig. 11. Capillary electrophoresis chramatogram of a active
fraction isolated from the HPLC chromatography.

B (MW 1350 Da)2 b 3t & A% Helol=g 0w milk
casein, egg-white albumin®l AT o9} v[&g Eajge| A iz}
dol £& Hetoluyl EEHNGT 2udgd. wr (1989«

FOUEE 242 JIe RN JleREAEANN MY a3
Aol 5% 7R E L Sephadex G-25 columnNAH Eg3
o i EHF 43, 25~30 kDad) BAFNN 2 &
AsgAde Jeligidz Basgd, £, Yamaguchi et al,
(1980)2 &% dipeptidest °1& TFASE olvlite] FAHgA
H ol A dipeptide® T3 Y& o}vl4dt F Met, His, Trp,
Tyro] 7§ 83184 & Uehd o o ofnji o] 9o )3

Met? Hise C-2dol, TrpH Tyr N-Udtd] 98 o 2 &
B7t A5E B3P o™, Chen et al (1995) hF Bco-
nglycinin®] 7FFEHEANM £33 6719 FA3gElo)7l N—-F
@ Ao Val B Leud] &4 opu| g Tt AG4dl
A His, Pro, Tyr® E#ate 5~16 3712 B o] o 06~17
kDa Ato]Q) Heto =@t Huddo, o doA s ulg
Zo] ok7A] BAGRs A NFF A3 T2 1 7)Fo) of
A GAA B JA Lo} w3 Fasey el
o 72 &g A B A7 22 FHUAT 43 A
ol=E YO R FA opnxite £F ¢ Holg FA3a T}
P o) 48 Ao BoH,

2 o

TATHE TR 8o A dFez e v7pR
o Rl g7 IYREE ALHOE o] 43}V Yty wy
AL 22 RN F @B A8y gRgde
Eg3en, ol 7IRHE F P30 Hojd HEpol=
€ oleuy Z2vlEDYY, AA=2vlEadgY 2 HPLCE ¥
g - At 2 ojret NEE 2.

oe] 7tA 9l d B a4z B d& 7HeEE FA
g g o] Mg 48 2L AlcalaseZ HE F43A Y g-to-
copherol Tk 5% A& Hold ARE Yo, o] 7t
% oAt o2 FAF 10 kDa, 5 kDa 2 1 kDad] A %
T2 st FAEYE S 4 1 kDaY 4E T3}
THE 7t R Eel 7H &L §4E Jeuded, o 3d
848l A19) g-tocopherol vt 0% A E HStch o] R0 Sp.
Sephadex C-258 At43lo ol2u@ AzviEdNNE & 43,
05~10 M NaCl 422 §&A7 £3EA atocopherol &t}
% 17% 4o A Yelton o]A& thA] Sephadex G-152
Adqdste 349 8 AN o] F ¥ MAA g-tocophe-
olRth ¢ 45%7F B & FAFERE B FEE AAT. )RS
94 HPLCE ol &3td s/le e don, gisigae g
¥ A9 A a-tocopherol®tt & 53%FE FA YEh} 7B ¢4
&4t o] §E-E capillary electrophoresis® €58 184 of
nxy} N4 2ARF FH Ser-Asn-Pro-Glu-Trp-Ser-Trp-Asn ¥
=3

dAatel =

£ dFE 19959 #gpARaiA Furiengay () 9]
Edto|Zole] Ay HA] d7ug Yol 3o sd 2
B doln, AFHE AP F HFFAREY (F) 71 EFHo)
Zo A=FYd,



204 AR - 499 - HER - AN - BAE

Ho
o

4 1

Ahmad, S. 1995. Oxidative stress and antioxidant defenses in biology,
Chapman & Hall, New York. 25~42.

Aoyama, M,, T. Maruyama, L. Niiya and S. Akatsuka. 1985. Antioxi-
dant effects of tocopherols on palm oil by frying tests. Nippon
Shokuin Kogyo Gakkaishi, 34, 714~719 (in Japanese).

Bendich, A, LJ. Machlin, O. Scandurra, GW. Burton and K.U.
Ingold. 1986. The antioxidant role of vitamin C. Adv. Free Rad.
Biol. Med., 2, 419~444.

Bishove, SJ. and A.S. Henick. 1972. Antioxidant effect of protein hy-
drolyzates in freeze-dried model system. J. Food Sci., 37, 873~
87s.

Branen, A.L. 1975. Toxicology and biochemistry of butylated hydrox-
yanisole and butylated hydroxytoluene. J. Am. Qil Chem. Soc,
52, 59~68.

Hodnick, W.F., E.B. Milosavlfevic, J.H. Nelson and R.S. Pardini. 1988.
Electrochemistry of flavonoids. Relationships between redox po-
tentials, inhibition of mitochondrial respiration, and production
of oxygen radicals by flavonoids. Biochem. Pharmacol.,, 37, 26
07~2611.

Hudson, BJ.F. and JI. Lewis. 1983. Polyhydroxy flavonoid antioxida-
nts for edible oils. Phospholipids as synergists. Food Chem., 10,
111~120.

Kim, SK, HC. Lee, HG. Byun and YJ. Jeon. 1996. Isolation and
characterization of antioxidative peptides from enzymatic hydro-
lysates of yellowfin sole skin gelatin. J. Kor. Fish. Soc., 29, 246~
255 (in Korean).

Krogull, MK and O. Fennema. 1987. Oxidation of tryptophan in the
presence of oxidizing methyl linoleate. J. Agric. Food Chem, 35,
66~170.

Lowry, O.H.,, N.J. Rosebrough, A L. Farr and RJ. Randall. 1951. Pro-
tein measurement with the folin phenol reagent. J. Biol. Chem.,,
193, 265~275.

Mitsuda, H,, K. Yasumoto and K. Iwami. 1966. Antioxidative action
of indole compounds during the autoxidation of linoleic acid.
Nippon Eiyo Shokuryo Gakkaishi, 19, 210~214 (in Japanese).

Ohkawa, H., N. Ohishi and K Yagi. 1978. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal. Biochem.,,
95, 351~358.

Osawa, T. and M. Namiki. 1981. A novel type of antioxidant isolated
from leaf wax of eucalyptus leaves. Agric. Biol. Chem,, 45, 735~
739.

Suetsuna, K. and K. Osajima. 1989. Blood pressure reductim and va-
solilatory effects in vivo of peptides originating from sardine
mucle, Nippon Eiyo Shokuryo Gakkaishi, 42(1), 47~54 (in Ja-
panese).

Yamaguchi, N,, S. Naito, Y. Yokoo and M. Fujimaki. 1930. Applica-
tion of protein hydrolyzate to biscuit as antioxidant. J. Japanese.
Soc. Food Sci. Technol,, 27, 5 6~59 (in Japanese).

Yamaguchi, N, Y. Yokoo and M. Fujimaki. 1979. Antioxidative acti-
vities of protein hydrolyzates. Nippon shokuin Kogyo Gakkaishi,
26, 65~70 (in Japanese).

Yee, JJ, W.F. Shipe and J.E. Kinsella. 1980. Antioxidant effects of soy
protein hydrolysates on copper-catalyzed methyl linoleate oxida-
tion. J. Food Sci, 45, 108 2~1083.

WNEE. 1989. X7F FOHMILE, In New Food Industry, 31(8),
18~22 (in Japanese).

20008 3¥ 28 A%
20008 59 69 Sl



