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Comparison of Antioxidative Activity on Fish and Bovine Skin Gelatin
Hydrolysates Produced in a Three-Step Membrane Enzyme Reactor
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To compare the antioxidative activities of fish skin and bovine skin gelatin hydrolysate, gelatin hydrolysates from Alaska
pollack and bovine skin were prepared by various enzymatic hydrolysis methods (1st step, Alcalase; 2nd step, pronase
E; 3rd step, collagenase) using a continuous three-step membrane reactor. The molecular weight distributions of the
ist, 2nd and 3rd step hydrolysates were 7~10 kDa, 2~5 kDa and 0.7—~0.9 kDa, respectively. The antioxidative
activity of fish skin gelatin hydrolysate was stronger than that of bovine skin gelatin hydrolysate, and in particular, both
of 2nd step hydrolysates showed more antioxidative activity than hydrolysates of any other step. The optimum
antioxidative activity concentration of the 2nd step hydeolysates of fish and bovine skin were 1% (w/w) in a linoleic
acid water-alcohol emuision. In cultured cells exposed to t-butyl hydroperoxide (+-BHP), the 2nd step hydrolysate of fish
skin gelatin delayed cell death most. These results suggest that the antioxidative activity of fish skin gelatin hydrolysate
is higher than that of bovine skin gelatin hydrolysate because of their different amino acid contents.
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cetini} caffeic acid(3) £9¢] flavonoidA7} <&l Itk Sec-
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9)= butylated hydroxytoluene (BHT)3} butylated hydroxyani-
sole (BHA) 7|8%A) e Ao #oste Aoz Hy
5o(10), FHold Pt anes B3t FAECE U3
Abgol] EAAE T Qo wHE, HAsAlE FAgo] A
o flo] AFHHE Ee dUFez gy o8Hn glony,
FTEFEZLE 7HHo] Wi ARgo] AlFH vk HAZAY
A = 4 de] AH2H¥  «-tocopherold] F¢L B 7}
Azl AgAolgte o8 Atez A HAGIsA
o] 275 e Aol

meld B AFeMe olHg AT 4o
TR hFe g BAE vZpAE FAN T
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2 Age] A4 WE) (Alaska pollack)Tle FtRgA
AYs 249 (BURFAAA FYstd, AR 23
of AMgStETE wely Aiwid $3 dzid (A7
g, 2o)g sHREE7] 98l Alcalase= Novo Co. (Novo
Nordisk, Bagsvaerd, Denmark), pronase E¢} collagenase<
Sigma Chemical Co. (St. Louis, MO, USA)ollA 43}t

WeRel BaH ASEHEe BAPER Egsed A
29 s o#et (molecular weight cut-off (MWCO) 10,000
Da, 5,000 Da}-2& A/G Technology Co. (Needham, MA, USA),
MWCO 1,000 Da2& Romicon Co. (Needham, MA, USA)Z%-
B 79lEte Albgstdh =3, kg gd EA4d AES
thiobarbituric acid (TBA), ¢butyl hydroperoxide (z-BHP),
ammonuim thiocyanate % @ -tocopherol2 Sigma Chemical
Co. AEFL AME3T, MZujFAMe] ds2E&S 5
A3l7) 98} A1&3 Donryu rat liver cell (Ac2F)2 Japanese
Cancer Research Resources Bank (Tokyo, Japan)ZH-E] £
dlol Al2-3tgon, 1 2]¢] Bulbecco’s Modified Eagle Me-
dium (DMEM), dimethyl sulfoxide’ (DMSO), (4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT), trypsin-EDTA
solution& Sigma Chemical Co.A|¥-& fetal bovine serum
(FBS)¥} antibiotic-antimycotics= Gibco Co. (Grand Island, NY,
UsA) AEE AHESIGLh 1 99 RE Adke $4% 53
Aeke g8,

Hejelo| F

Ao 2L Kim 51D ¥l wet F29 oj9E
A5 ¥ IS AAY oz FAdHeH, HHA
W g Za o]9)e] o]EAE AASY] st FAstdE
S0 347 AXEAT AAG oHE A 12410 FA,
Z3 2 AFAstd HAFzEA Agde F233Th
29 Adgele 4% (12,000xg, 20 ming § F4
o2 giAzlon, o] §dg Folg LA (Amberlite
IRA 200)9} &o|& w34 (Amberlite IRA 900)2 A&

e
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Figure 1. Schematic diagram of the recycle three step membrane
reactor for the production and separation of enzymatic Alaska pollack
and bovine skin gelatin hydrolysates. TI, temperature indicator; PI,
pressure indicator; FI, flow indicator; P1, recycling pump; P2, feed
pump; P3, NaOH pump; PCV, pressure control valve; pHIC, pH
indicator controller; FH, first step enzymatic hydrolysate; SH, second
step enzymatic hydrolysate; TH, third step enzymatic hydrolysate.

02 4FAR @0TAHA 29UzH3Et 4T AZst F1
Ayl A-gstict
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T4 obmiegt ZEAME AR 50 mgS 3] ampoule
ol Y3 6 N HCl 5 miE 7Ist] 33 A& o 2247
B 10T 27104 AR o] TteEdEs o
H}ahan, 2 ddS 50T A, pzste dake AAT
% sodium loading buffer (pH 2.2) 10 mE A-&3IH} ]
Z YEE olnAl AHEEA Y] (Hitachi Co., Japan)Z #-4
39tk Hydroxyproline A#%-& Cunningham(12)¢] & o
& A AYHAt 3 AR 50 e FH3He ampouleo]
¥ 6 N HCl 5 mE 78t 23 DEd v, 120C N
2447} 2ot AASEHA AT o] JlpRaldS glass filter2
ooaial, 2 JNg 50T ek daste] HCIE A%
%, citrate buffer (pH 6.0~6.5)2 25 m¢7} HA &35t
o] 89-g 200u) FAsld 2 ME FHdm 7)o 005 M
chloroamine-T8-2§ 1 m{$} aldehyde perchloric acid 1 m¢E
7FSta 60TCoA 1583 WAl &, Ak Eol g
o BRHEAR 550 nmollA] FB=E 48} hydroxyproline
standard B0z 2 AFFLA it AE T4
hydroxyproline &#& T3}k

AajElo] FiEl

A4 394 2akg-7) AX|e Figure 1949} Zo] 713
2FAX, 194 =24E2-7) (first step membrane reactor), 2%+
Al 2k9k2-7) (second step membrane reactor) @ 3tHA] E=hib
2.7] (third step membrane reactor) @32 FAA3IH o, 7|14
F3 A4S AIF 479 wwsy] FAE gz
(ultrafiltration membrane), &€#wHF7] (Nuova II, Stir Plate),
pH AF%A7] (Cole-Parmer Co., Model 5652-20), %7
(Manostat Co.), ¢#zdWn, HEEFE] #HFE (Cole-
Parmer Co., 6~600 pm) @ ¢7tg] FFHE (Cole-Parmer
Co., 1~100 rpm)Z A sFJch

£9, oy 2 9w AeiEle seRse dzel 1%
(wiw) Agtel godo] 712 o] AAHZE 100 (Ww)o] HES
BEAE 71 & 67 B A nut uk-v)ol A TR
N & gAMEE AR w194 kg rle] BAE
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AW (molecular weight cut-off: MWCO)7} 10,000 Da, 2
oA Rkl e A FAR 7 5,000 Da, 394 =
W71 ME 1,000 Dajl whE AtgEtglon, 7+ dAE=R
AFREE SA4E 1971914 Alcalase, 2¥HA[9| A pronase E, 1
2]al 3GAIo) A collagenaseE AFE-3H T

Al £3

Zt 9AE heRAEY BAEE DA ARt EDY
3] (high performance liquid chromatography: HPLC, Spectra
Physics, USA)E A}E3le =A3lgcl. =, HPLCY] GPC
column (¢4.7x250 mm)S JAste Eo|&fyE HY3A|7]
%, 2t ERHES 10 ngnirh FA =9 F 100 wE
Y3t §245 1 niminE §EA1AH UV HE7]|ZA] 280 nm
N FF=E =SH3YY RTEZL carbonic anhydrase
MW 29,000 Da), aprotinin (MW 6,500 Da) % tetraphenylalanine
(MW 667 Da)& AlE-3tHt)

Linoleic acid water-alcohol emulsion H|Z=

Linoleic acid water-alcohol emulsion®- Osawa Z(7)9] W
o wtg} A Z3k9 ). =, linoleic acid 0.13 md, ethanol 10 mf,
50 mM phosphate buffer (pH 7.0) 10 miS 41 2o]ez
A F-37} 25 w7t A 43k

Malondialdehyde (MDA) E2HH (TBA method)

MDA -2 Ohkawa 5(13)9] whHel| wie} HAsH4ch
% #4899 50 wE FAN FFF 08 weh 81%
sodium dodecylsulfate (SDS) 0.2 ml, 20% acetic acid (10 N
NaOHZ pH 358 Z3) 1.5 nl, 0.8% TBA 1.5 mE 41L&
Ohs, 1 E3S 5TAA 142 A3k 100 oA 14)7E
WA H 532 ol FRES 23HAoH, MDA
& tetramethoxypropane (TMP)& o]£3}le] HFIHEG 3
4850k

Lipid peroxidation &3

Lipid peroxidation& Mitsuda 5(14)9] "ol wiat HAl8}
At =, Fx T8 0.1 meo] 75% ethanol 4.7 m¢, 30%
ammonium thiocyanate 0.1 nf, 2X10° M ferrous chloride/3.5%
HCl 0.1 mlE 7}t & 3% Fof 500 nmolA EFH=E =34
ato] thz7-¢} Blastgch

A5se 25

2 ipid
peroxidationZ+-2 &4 3}gth

M 3zuy ¥

A} ZHAE (Donryu rat liver cells, Ac2F)& fetal bovine
serum (FBS)o] 10% ¥-f%¥ Dulbecco’s Modified Eagle
Medium (DMEM)¥JA 2 w)3ldch 2, 75-cm’ plastic flask
(Falcon Co., Paigton, Devon, UK)o| Ac2F cell-g- 10% FBS,
7.5% NaHCO; 150 pg/mé, glutamine 58.4 gg/m¢ % antibiotic/

antimycotics 4.4 u¢/m¢ 7} ¥ DMEMHIAE 37C, 5%
COr¢e] 2ANA wlesled, 2~3Yvit} 4 subculturedhod]
MEFE FRA 3G

MEzNz

AE7} 2 75-cm’ plastic flaskoll A wixlL A A&,
phosphate buffered saline (PBS, pH 7.2)2.8 A&3t &, 0.25%
trypsinfEDTA (ethylenediamine tetraacetic acid)& ] @ls}o] A

& Eokaa ugez 2y dold o2 MEagdoes F
FAAAM A4EE] (80xg, 3 min) AT F& AR
pelleto] WY E 718t oS, B Hsloz wkEEQsld &
Y HEEFHE wHE F otypan blueE AT R-{HT 9:19)
H&2 Efste] F8Fdn 7 delA] 1A (Hemocytometer)
£ AME3le] S48

t-BHP (t-butyl hydroperoxide) S M Z3|Alof| Cljst 7}

rEoi=9 g3t

+-BHPS] sx® A EyAle] oigt Hejaiel <1 dee 7}
FENEY AAE FEE7] 9l3te, WA 96-well plateo] b
HEE 5x10* cells/wello] HEE @3 243+ CO, Hjk7|d)
A AT g, TR EY] FEE wellF 5 mg/mid H
7Kt ¥, 10% FBS7} ¥3E DMEMHE|AZ AA RIS
200 W2 2 37T, 5% CO08 ZHNAM 18A7F wjek
3 &, PBSE A3} serum free medium (SFM)¥} :-BHP
€ 01 mMAXFE 20 mM7A] ¥z AR}
200 w7k HA ARSI olE YAl 1508 wikAZl F,
MTT assay® Z333tt (o]i) 100% HEIA= 09%
2-mercaptoethanol & o} 15087+ wikAl7] &, MTT assay =
Axe] HEEE AT Fgoz A,

+-BHP2| MTjAlof Ot JlRalEe] s 51

-BHPO| A ZFAte] thgh wejujel 3] Aelel 713
B9 v a3E IS 98, 96-well plated] 7HHE
£ 5x10° cellsiwello] HE2 P31 247 CO, HjUd7]o)A
WA o, 7HERHEY] FRE welld 05 mg/mlolAM
5.0 mgm7AR H7FEE ¥, 10% FBS7F ¥3¥ DMEMujA 2
AAEIE 200 w2 2AH3Q 37C, 5% C0.9 Z7A
18A17F wjokAl7) o}-8, PBSE AAsty SFMT 10 mM
+-BHPO| AAF-37} 200 pi7b HA A7t o1& A
150% vj9FA1Z] %, MTT assay@ 2331k

MTT assay

MTT assay+ Sladowski 5(15)9] o] upe} Ayt
=, THAEE w$A7] 96-well plateo] MTTE &£ 889
10%7h SES 91, 47 P oL, A8EY §0xg,
10 min)3l{c}t 1 %, wiAE Atz EtOH : DMSO (dimethyl
sulfoxide)7} 1:1 (v/v)Ql &AL 150 ¥ Wi 2087} shaking
& e, dolgle MEY uEZ=gold e mitochondrial
dehydrogenaseol]l &3] MTT dye [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide]”} blue formazang & AJ3)=
& Enzyme-Linked Immunosorbent Assay (ELISA) readerZ
540 nmollX FHFEE SAHSACH
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Table 1. Amino acid compositions of Alaska pollack and bovine skin

gelatin (AA/100 g protein)
. . Alaska pollack Bovine skin
Amino acid . . .
skin gelatin gelatin
Hydroxyproline 3.5 9.8
Aspartic acid 7.5 4.6
*Threonine 3.1 1.7
Serine 4.6 35
Glutamic acid 10.1 7.1
Glycine 27.3 333
Alanine 11.5 11.2
Cysteine 2.0 0.2
*Valine 32 2.1
*Methionine 22 0.6
*Isoleucine 22 1.2
*Leucine 34 2.3
Tyrosine 2.1 0.2
*Phenylalanine 23 1.3
*Lysine 3.0 2.8
*Histidine 1.2 0.5
Arginine 52 4.7
Proline 5.6 12.9
Essential amino acid 206 12.5
Total amino acid 100 100

A 9 2

Yeljn) 3l 2a) Hejclol oo At XN

Heln] 9 -3 Aghde] ofulmit 2AEA Bhs Table 1
o] JellUTE &, Gly, Glu 9 Alag] ko] z}zt 27.3%,
100%, 11.4% 2 333%, 7.1%, 112%% AA} opnl=2} ek
of ek o)E AAsGTh &3], Waolulieitel ke o
e Adeielo] 20.6%2 3 Al 122% vk 2w Aw
wol Fiso] 3URem, collagen Fefel HypE 217t 3.5%
ot 9.8% A= 3k Aok

Heljn| 3 ?u HziE JieREe 2A

Zt @AM SRS Y] (Figure DollM 223 7eEE
o] Bxlgk BIE 250~30,000 Da YA ZFo] 7153
GPC columng Ax)5le] golegz PPzl }e, T
&3 (carbonic anhydrase, MW 29,000 Da; aprotinin, MW
6,500 Da; tetra-phenylalanine, MW 667 Da)S &2|A)17] %,
retention time-2 Blwsld 7+ lFEEEe) B BEE &
ettt F, Figure 20A e} o] wejdo) 194 71+=53)
B (B $AE9)7) 10,000 Dagl 2he E38}31 5,000 Da
¢ we FHEA e teEEE)e A4$ 7,000~10,000
Da % 5000~6,500 Da¢] 2alek WA =" uwzy} 3
AHAO™, 600~700 Dao} WAE AX EAs] ATk 29k
A ZHERAE (EAE ARSI 5000 Dagl ure Z3ta)
Il 1,000 Dagl = SslA] ke vlRaE) el A= 2,000~
5000 Da®l EAFE 7HAE Zlo] FH gRoz Jeyto
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Figure 2. Molecular weight distribution profiles of enzymatic hydrolysates
of Alaska pollack skin gelatin on HPLC with GPC column (¢ 4.7 X
250 mm). HPLC operation was carried out with deionized water as
mobile phase at flow rate of 1.0 mé/min). A, hydrolysate of fish skin
gelatin passed through a membrane with molecular weight cut-off
(MWCO) 10 kDa but not passed through a membrane with MWCO
5 kDa; B, passed through a membrane with MWCO 5 kDa but not
passed through a membrane with MWCO 1 kDa; C, passed through
a membrane with MWCO 1 kDa; I, carbonic anhydrase (MW 29,000
Daj; II, aprotinin (MW 6,500 Da); III, tetra-phenylalanine (MW 667 Da).

), 6,500 Da 2 650 Da9) EA#HS /MAs AL 92 el
Wk 39A HERHE (EAE SAES7 1,000 Dagl ot
& FHs v 742 38)2 700~900 Da Z 300 Da A
To PAFE sAle HEel FEH FERoz Uehgon,
1,500 Da XM= Q3R ZAs Aok

S99 EAY¥ EX¥E Figure 3¢ uERd ukel o] =)
I 7MEHEEY BE9 A AES Rt & 194
7R Bl e 6,500~10,000 Das] HYojA] Zd wzs}
vetsteH, 284 JeRsiEd e 4,000~6,000 Da 23
oAlA 38A FIFEREEAAE 600~800 Dacllr g =77}
e

Weiss(16)< pepsin©.2 71837 3 Adeied 758
FE9] EAFS 69 kDa 21 kDaogltly Ruslgon,
Kim 50172 di73 Az}e S pronase EZ 7}E8) 2171 7}
FENEY EAFE 10~20 kDa ¥ HIL, pronase EZ 3
2}3k Z& 15 kDao] FF& o]F o1}, collagenaseZ 14]7}
#al ¥, pronase E2 UhA] 3417 B4l AL 7~10 kDa
A9k sk

31, Turgeon¥} Gauthier(18): 294 @+ (1T4 30,000
MWCO, 25H4] 1,000 MWCO)RHE- 7|0l 4 trypsin® @ -chymotrypsin
22 whey protein concentrate® 7}E8)3le] 2Alge &
& Ad, 194 5~20 kDao]g oL} 28t = &
obr|m4t B 2 kDaol3lti Bargh ub ok

2 AFIME 194 kg iel A AlcalaseZ 7FEE-a) 4]

oo,
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Figure 3. Molecular weight distribution profiles of enzymatic hydrolysates
of bovine skin gelatinon HPLC with GPC column (¢ 4.7x250
mm). HPLC operation was carried out with deionized water as
mobile phase at flow rate of 1.0 m¢/min). A, hydrolysate of bovine skin
gelatin passed through a membrane with molecular weight cut- off
(MWCO) 10 kDa but not passed through a membrane with MWCO
5 kDa; B, passed through a membrane with MWCO 5 kDa but not
passed through a membrane with MWCO 1 kDa; C, passed through a
membrane with MWCO 1 kDa; I, carbonic anhydrase (MW 29,000 Da);
11, aprotinin (MW 6,500 Da); III, tetra-phenylalanine (MW 667 Da).

MDA concentration (M)

Incubation time (day)

Figure 4. Antioxidative activity on enzymatic hydrolysates of Alaska
pollack and bovine skin gelatin in linoleic acid autoxidation system
measured by the TBA method. Each values are the means of
triplicate experiments. @, control; (), lst step hydrolysate of Alaska
pollack skin gelatin; ¥, 2nd step hydrolysate of Alaska pollack skin
gelatin; V7, 3rd step hydrolysate of Alaska pollack skin gelatin; [,
Ist step hydrolysate of bovine skin gelatin; [, 2nd step hydrolysate
of bovine skin gelatin; 4, 3rd step hydrolysate of bovine skin
gelatin; , @ -tocopherol.

A A @AM 10,000 Dagl #HE 37 194 7}

100
E\i
g
= 80
=1
[x]
°
>
5
S
o
a.
b=
R
—

60 -

F1 F2 F3 Bl B2 B3 Toco

Figure 5. Antioxidative activity on enzymatic hydrolysates of Alaska
pollack and bovine skin gelatin in linoleic acid autoxidation system
measured by the ferric thiocyanate method. Each values are the
means of triplicate experiments. F1, Ist step hydrolysate of Alaska
pollack skin gelatin; F2, 2nd step hydrolysate of Alaska pollack skin
gelatin; F3, 3rd step hydrolysate of Alaska pollack skin gelatin; Bl,
Ist step hydrolysate of bovine skin gelatin; B2, 2nd step hydrolysate
of bovine skin gelatin, B3, 3rd step hydrolysate of bovine skin
gelatin; Toco, « -tocopherol.

TR nla} 2¢HA] 2hare-7)o| A pronase EE 7)4=E3)
NA BAEE SAEY 5,000 Dagl wHe EAA AAE 28

TR HE B 30 e s|oiA collagenasei 7HE- 3 A1 A

A AR 1,000 Dad] g FHAA A& 39A s
e EAjFo)] AEAS dgol= HE %} T AT

Edmle} 91 Walel JiHaEe] S vla
1515} £ AEls] GAY AEAT Bl 3}

3 S 40F1TE Z@!ﬂ ﬂ&‘/lﬂlzﬂ As2kst
A7) % H]_,_\_?f]- A3, linoleic acidollA¢] dakste e 7 V‘
AES HNFIA e Ao ws Hes A sh
& A MDAH 2ol A 35~56% (Figure 4), lipid perox1da—
tiono) A& 8~15% (Figure 5) ZAstych whd 93] Adetel
TVrRa) Bol X MDA kol Al 32~48% (Figure 4), lipid
peroxidation> 5~10% (Figure 5)¢] 742 Uehygich o4
o Axz & o 9 Ay /iR E Hoie ey A
e 7hpEa o] Fatslggo] o & 3o® Yehdon,
Z} gAY JheRaE FollA ditgEe] sbg S-423)
29A A REECIR, 1 5 wHEE did 294
E2 A% Hd G43HA2) ¢ -tocopherol B T} MDA
2! lipid peroxidationzt Z4NA 2+t 8%} 3% AL
PSS e

Yee T(19)2 thFa ] pepsin THEEIAES] FArleHA
2Y A dpEol o 80% AUtk HeAT,
Yamaguchi 5(20)& dulzog 3gizlgdoe] =odu <A
opu|ie it FollM Metd Hise CEtto] 93 of =2 3

¢

=

nh‘ o Ny
fo o -y rjo oh

o°"

sl Vel Tyrd Trpe Nt X8 of =& 3k
e Jeidd s Bustgrh w3k, Chendt Nawar(21)2
29 EAgtelA FAol tig atstazie] dis) @3t
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Figure 6. Antioxidative activity on 2nd step hydrolysates of Alaska
pollack and bovine skin gelatin at various concentration in linoleic acid
autoxidation system measured by the TBA method. Each values are
the means of triplicate experiments. ], 2nd step hydrolysate of Alaska
pollack skin gelatin; £, 2nd step hydrolysate of bovine skin gelatin.

= ol 23 opnliey|gke] AaZde o Fits)
Stohy B3} 0™, Decker?} Hultin(22)-& camosine
gt AEUE 2AA 2 Fhol THAZA
23 2ok ojyE 54 LHC)EAEA &3] WEelzt
Halgoh Krogull $(23)2 FAFHES] ©¥id, s
olE, ojm:ite AAHO T 3E Yod|H, pH, 2%, F
Bed 2@ AglEuiAu A Ex] ofRo) wel zfo)r}
ok Bugk wl Qo) Hisd X §sle elol=el i)
£ imidazole ring®] lipid radical-trapping 28 2 chealating
83 BAQCT Uchida S24)& M15tAT, Mitsuda 5
(14)& indole 3}gHE3} aromatic o}v|wite] dikalgd2 WAL
FARMY 4 BAZE Joty AT &, AFdE B
A7} indole® &) C~Ci A& AolA Halo]lsHHHES
A3 &, g AR poolof| M HEE Wolr C~CEFE N
Bl FAldl A4l BEAY EdE ysisiy AEE o
Ab Fol A S-hydroxytryptophano] 7Hg #atahdo] w2
o2 HIEgrt
ol ol A Au¥E uie} o] B Mo AMEE sprREHE
9] dazlane] Wit wylEe FHsA FEsAE Eot
AR, A4dgEe] EA Fiold FAA M A4y}
t S XAE AASE g AAARAM FHEs
7] Wi Roz #AdEHn, 53 e e rhrRiE
o gitaltygo] 3 Aeld sheEsiEy PR =
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Figure 7. Antioxidative activity on 2nd step hydrolysates of Alaska
pollack and bovine skin gelatin at various concentration in linoleic
acid autoxidation system measured by the ferric thiocyanate method.
Each values are the means of triplicate experiments. [ ], 2nd step
hydrolysate of Alaska pollack skin gelatin; 7, 2nd step hydrolysate
of bovine skin gelatin.

BiEe Whszed wE $itels 53¢ A= Figure 6
9 Figure 79 ek &, Heig @ 9 Addgg she
BaAEY WArlee 2 IABHE M2 FAS AEFS
velgler, 3 Agtdl s ERte Hes Ay
heRal gl datalgde] g o YTk 53 MDA
& EAolA 294 Hes "ete R Ee] w571 linoleic
acidell i3l 1% o 3aksieo] 7Pt Fskow, 05% o
2% F=AMT 1% sxdd BlE) ditgEoe] dAgE & ¢
AAch (Figure 6).

Lipid peroxidationo| )= MDAA 33 vA7IAZE 1.0%
d W A =& S8 E9E veRlo] MDA SYT
AEFE YEPRAT (Figure 7). o]21d Za= Hetol=2] A
NEE7 92 ASos Helol= Ay A= HE
olzeg] ditslee] AA JFE wAA @A, HEo|=
£ 1% ol #H7IEE o Helolmy e Er) e
Aol gk vAE Fo 89102 FHEIY) Yoz #
g, 2 dPdde TieEsiEe dakslgAd oigt H4F
== 1%k

Bishove} Henick(25)& wlSwela sl&EsEe *5o
02 P38 AES 27, 001 M~02 M B2
A BEA#F 700~1,500 Dagl Helol=e] w57t EEFE F
AT S7Pgy Hudlg o™, Yamaguchi 5(20)2
ol JERES 4E FAAFAA PSS FF
3 A3, 1% oY FRAME fAAEY WHi=st 239
7186 ekn Bustal, Kim §(8)2 vy Agd 7t
FEAEY AU o w2 R A4 {7
Zekd s 1% #H71e sxdA Ao FsEdE e
ATk Bagh w gl

t-BHP =8 MIZujAlo] cist JI-2ali2 SMEEE
t-BHP2] Fxol we A 7hH ¥ AEHE -BHP 24]
b HE] 3 2438 27, | mMe] +BHP HalFoA 50%
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Figure 8. Effect of -BHP concentration on cell killing of cultured
cells (Ac2F) without and with the 2nd step hydrolysates of Alaska
pollack and bovine skin gelatin. Cells were incubated for 150 min.
Values are given as meanststandard error of the mean. A, control;
M, 2nd step hydrolysate of Alaska pollack skin gelatin; @, 2nd step
hydrolysate of bovine skin gelatin.
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o BEAHE 5~15% Ax #HaAzen, 53 2 mMe w2
TEAAME 40% FEe| HEEE UEMICH (Figure 8).
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24Ae] WAUZel AHeld ox g, 1 shbe
Masaki 5(26)o ojaf Hig Axute] 2Aitste}l wHE=
RAog DPPD (N,N’-diphenyl- p -phenylene diamine)9} #-2&
FatstAEe A3t L84S -BHPY ot A XA}
g WA & gl Aotk t& s MEIALY] 7t
UEe gagiAe] Jg wA 943 AYIEEE A
A wEzcoole) Jle SN Rolth. =4,
Pascoe®} Reed(28)+= - OH (hydroxyl radical)*} LOO - (lipid
radical)¥} 2-& &AJAAAE @ -tocopherold} & AgAd B
B Yo e PoskA) 2uE FEaie] Axel ol
EHE H2AYE EndtEa, Farss $(29)0& HAE A
FANA g ERF BgwE hioll reduced glutathione
@SHe] B2t A} AFe) GRe slAgn Rusgle
u, Masaki 5(26)& +-BHPS] MEF5Ae s H ZolE
A9l deferoxamineo] GSHe] AB|E Ao g AMF AL
2 Adr7on, 34849 DPPDL} catechol® GSH) Tj
At el o] MEW adAels ARl butylalkoxyl
radicalol] 93} A== L- & 2AFoEN MEIAE A
AAZItt ®a3ldct Benjamin E(30)2 calf thymusZ%
E] £ 6 kDa Fx9] thymic Eto]=7} ko] MDAAAY
& ZAaAFE BAY 7 GSHE #AE =or iy
(vascular endothelium) | ¥ o)A += endogenous EF3}IE-AS
F7HAA AZAAE AAAZIcka Bagk bb ok
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Figure 9. Effect of antioxidative hydrolysates on cell viability of
cultured liver cells (Ac2F) exposed to +BHP. Cells were incubated
with 1 mM BHP for 150 min. Values are given as means T standard
error of the mean. [ ], 2nd step hydrolysate of Alaska pollack skin
gelatin; [, 2nd step hydrolysate of bovine skin gelatin. *P<0.05,
**P<(.02, ***P<0.01.

tBHPZ FaE M=Z3Ald cfst Ji-R2alEe sTol o

E gMERg

Heis 9 93 A SRR SEd BE 38
EaE a7 o Y BATA ASRAES WA
& o, BHPE AX9] AstahE5 fEAA A 4L
&8 Z2AHY (Figure 9). 7FEES] 27} 1.0 mg/ml
AAe Hes A" JleEES HsE Hrkdol $-9
Agel 7teRENES HMe A ET AEAES) ¥ =
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ADRo| 43l-#dse 53 ¥hgAAEe] AT GSHY 4
Hlo o] Qka ddaled olof] thgh vitamin E ( « -tocopherot
succinate)?] AIE A3 A3, HFU e -tocopherol?] &
o] Z71slgom, 0.6~1.0 nmoljcells®] EToA HEAE
ol 71 =A Vet R Baakgdoh. £, Younes §4(32)
& Hxe AAREE  ¢-tocopherole] FFAFELE o] Qo]
A] ascorbic acid9] Z£S HAES A3}, ascorbic acid =2
2 A123E " prooxidantE ZE81 21}, o -tocopherol 2}
HLex2359 L wWle o-tocopherold] 7HAE wWhAElE A&
€ Yehlidoay Hausth

olie] AT A el 2 3 Aty 294 vl
NES WSFTATAA HAT thE, ADd}dsel o3|
A MEIALS Fuste -BHPE A stde wf 7t
55 UM AHrbatol HUbSA ¥ el wiE AxAgE
ol gston, E3 Iy ALY AFEHES 1.0 mg
mE WS o 70% A2 7 e AZIPEES
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