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Abstract

Tuna, one of the most important economic fish in Taiwan, is mainly sold
for frozen whole fish or canned food. The dark muscles are further processed
into low market-value products, such as fish waste meal and fertilizer, due to
their off-flavor. Previous studies have shown that antioxidative peptides can be
obtained from proteins hydrolyzed by proteases. The hydrophobic amino acids
contained in the antioxidative peptides were found to be necessary. Therefore,
the objective of this study is to use the tuna dark muscle by-product as the
material, to be hydrolyzed by two commercial proteases, protease XXIII (AM)
and papain (PA) which are hydrophobic amino acids, for 1 ~ 6 hr. Then the
degree of hydrolysis (DH) and antioxidative activities of the protein
hydrolysates were determinated. The hydrolysates possessed the highest
antioxidative activities were further purified by gel filtration and reverse phase
high performance liquid chromatography (RP-HPLC) in sequence. Finally, the
amino acid sequences of the antioxidative peptides were identified.

The results were shown as follows.

1. The moisture, crude protein, ash and crude fat contents of tuna dark
muscle by-product were 68.39, 29.33, 1.31 and 1.79%, respectively.

2. DHs of tuna dark muscle by-product hydrolyzed with AM and PA
increased rapidly within 1 hr and then increased slightly until 6 hr. The
highest DHs for AM and PA hydrolysates were 29.93 and 18.43%,
respectively, both obtained at 6 hr hydrolysis.

3. The results showed that all parameters of antioxidative activity of AM and
PA hydrolysates determined in this study were correlated with the
concentrations (0 ~ 30 mg of dried extract/mL) of hydrolysates. The
highest metal ion chelating and DPPH radical scavenging activities of AM
(ECsp values: 4.91 and 17.13 mg of dried extract/mL, respectively) and PA
hydrolysates (ECsy values: 5.95 and 15.32 mg of dried extract/mL,

respectively) were obtained after 3 and 2 hr hydrolysis, respectively. In

III



addition, AM hydrolysates were obtained after 1 to 3 hydrolysis and
anthor PA hydrolysates were obtained after 1, 2, 4 and 5 hydrolysis were
better reducing power. Overall views of AM and PA hydrolysates, they
were obtained after 3 and 2 hr hydrolysis, respectively that had the best
antioxidative activity. Metal ion chelating activity was chosen as
antioxidative index for for further separation and purification of AMH and
PAH.

Fractionation of AMH and PAH on a Sephadex G-25 gel filtration
chromatography, four (AMHI1 to AMH4) and five (PAH1 to PAHS5) major
fractions were obtained from AMH and PAH, respectively. Each fraction
was lyophilized and adjusted to the concentration of 10 mg of dried
extract/mL, and then its metal ion chelating activity was measured. The
results showed that the highest metal ion chelating activities of AMH and
PAH fractions were observed in AMH2 (76.34%) and PAH1 (92.4%).

Six (AMH2a to AMH2f) and three (PAHla to PAHIc) fractions were
isolated from AMH?2 and PAH1 by RP-HPLC. They were lyophilized and
adjusted to the concentration of 0.5 mg of dried extract/mL, and then its
metal ion chelating activity was measured. The results showed that
AMH2e and PAHla possessed the highest metal ion chelating activities
(18.89 and 19.33%, respectively).

The amino acid sequences of AMH2e and PAHla were identified by
MALDI TOF/TOF, and they were Arg-Pro-Pro-Arg-Arg (681.5 Da) for
AMH2e, Asp-Thr-His-His-Arg-Arg-Lys-Pro (1046.6Da) and His-Met-Leu
-His-Lys-His -Met-Leu-Leu-His (1296.8 Da) for PAH]1a.

According to the results, tuna dark muscle by-product hydrolysates

possessed potent antioxidative properties. It may be useful ingredients in

functional food applications and then elevate economic efficiency of marine

by-product.

Key word: tuna dark muscle by-product ~ protein hydrolysate -

antioxidative activity - peptide
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Figure 1-2 The appearance of common types of tunas.
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e 10~28C 2 B m dif-kig 5 10~20C 2 4 k% (Caton et al.,
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AR B P s
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40
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PRALMRALEL o AT L Ap o BB R g s R A RBAY TR A
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acid residue) ° 4v : %% F-v fF (trypsin) fri%L 5t F-v fF (chymotrypsin) %
6



¥-% w3

- B AU A s PEAe R E A F (subtilisin) ¥ SRR Fev BE o N
R PREE o TN

VLR fEFeu BE OREREF AR (58 0 1977) -

(2) %f% 3] 39 ¥ (thiol proteases)

A ekiefs (cysteine; Cys) » H B Y kg B2 "l A& o F]
@s¢4ﬁg¢SH£#@ﬂ?°&ﬁJ?&%# 5o de it A ApE
(papain) % k #]f* (bromelain) % (3& > 1977) °
3) £% 3] %9 p* (metalloproteases)

BAAGY 53 LR i 8
LB e 2
1977) -

£ AT R MG

# A ]33 P5fF A %2 B (carboxypeptidase A §- B) (3 >

(4) B&l1E3) 39 g+ (acid proteases)

PUEPE 2 A Mk fldg R A pLlE e B (pH 1.0 ~ 5.0) 0 #x3} acid
protease ° 4 @ i F-v f* (pepsin) % FEF'fF (rennin) (5& 0 1977) -

(2) BFLEEFF

frd - AV ML EARSA FHP e ﬁg’f 7
e mre ) pE S X Pl AR [£1-1)
K2 -REBETFZ > 27

FE G TR SR N
B R B (2% 0 2000) ¢
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Tablel-1 Protease specificity and inhibitor.

ikl o -t P
serine proteases chymotrypsin aromatic DFP
trypsin basic TPCK
TLCK
thiol proteases papain non-specific PCMB
Leupeptin
metalloproteases carboxyl non-polar EDTA
peptides A EGTA
acid proteases pepsin non-specific Pepstatin
renin

(Dressler and Potter, 1991)

(z) BRI

Foo Bl pEoRfRERS 0 g X PIfAfAME - X F ~kfRIEE AR A A2 R
AR R chx vk > B 2vkd & KRk pokfER ¢ 92k (Adler-Nissen,
1986) H4af v 23 2~3 Brefipe » VU R EHct B £ 4
AR R MORA R & B o 4ol R (valine; Val)~ B 6 3=fé (isoleucine;
Iso) ~ ¥ [ "=f4 (phenylalanine; Phe) ~ ¢ "=<f& (tryptophan; Trp) ~ & Pcfid
(leucine; Leu) ~ f&"=f& (tyrosine; Tyr) @ ¥R =rke14 4 (Pederson, 1994) -
o' Mo HokfRfnEsh s BEe XL AREIRF AR LY BFIE 2

—_ o

(Z) 39 FhkppFRFIss B
Bi FERAAF WL LF  BAR - F FOHES TR
PR OB E S o CEBEFMY S Ao B FLRBIELE S

AL (5 02006)c B3 a S AR £ 5 T aer g Ay i
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T (FanvAdkal)e 857 Fo0 T2 ERAR SR EE o S0
PR A e LAY GERRFRD o PR Y AR M R &
FFE o H A A MR RA AT L A 2 AR R
(Lahl and Grindstaff, 1994) « ¥ # » % | -k f# 42 R thdev f-kj2dr2 5§ 1
LR AR Apk o FokfEm s s 5 4 gxgﬁﬁéﬁﬁﬂ
P Bae 4 S FUIC R R R R B ER E 2 F (Mahmoud,
1994) o et Fvi KRS G FARGDE R > T G KT L 8 KHRRH] > 4o
$59fL 40 (mono-sodium-L-glutamate; MSG) (¥ % > 2006) ; ¥ #F > » 7 12
A2 AEIEPRE B A ARSI o BT K S0 ALY
PO > 7 €318 EF oo Pt RS B AW 28 Btk

* + (Godfrey and West, 1996) -

R ET T &
(-) B9 AMHE
it B i 2 }%r—i-'frév\—a-ﬁ_g\ Fprdh = 1T ks

CEREDE T om pd AEaE FEF - BRI REFSFET I
FRPRF RIS FIAETRE ZHHETF LM ESHF (Halliwell and
Gutteridge, 1989) > @ 7 ST F AAp 3§ A 82 ¥ pd A5 7 i SHAE
TTR g Fwmrp YR o REE PATFEIRE A o et iR
ffRdeeny P RRTFEB AR L2 pd KRB 4 F & (free radical chain
reaction) °

- B FARPRET AWM AY LG g PR 24
ARy A RBE A D ALY S48 (reative oxygen species; ROS) -
FRESAGATIENGE - L ARS LY £ A AP PpF
%?gﬁ*uiﬁr‘ygﬁai é%ﬁ%ﬁi%ﬁﬁgﬁh’aROS
PAMRHAES F EAERALY RO P o £ R TeES
R 22 ERA ZFFY ¢4t pd AA2 > d3vpd A8 ROS F J&
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M RS R B AT PR A PRT o AT R
o [ 4 12) 4ot dmre ? 1 & 2409 ehdou F g~ R~ PESE - DNA
RNA % > Fla S REEF PR GT 0 kBTN §ERB BT 2 FAMBR
;}I—;‘i ;gr,}i\;féémuxﬁx,i\,uﬂ_?f}?_—‘\é&\ng,agb Jif‘}%
(Butterfield et al., 2002; Kim et al., 2009; Pryor, 1982; Sheu et al., 2006) °

mF L ROS Hleaxeidrng 5¢ wenpd A2 Hisqrg 5 B earp d

i% ’ ﬁ,é,\ \Ff-lir"f .

(1) 42§ £33 (superoxide anion; O*")

R B - B Y emid o A EHTS m0F R

-

bR AR RRESD PR D T BB RA S 0 £
@4 F ede s F) 3 (initiator) > £ F e F L2 L R R e L& b A
4 His ROS: 4c ! iF% i* & (hydrogen peroxide; H,O,) ~ & % p o 2
(hydroxyl radical; « OH) ~ ¥ i ¥ (singlet oxygen) * » 2 $fp chF it

B4 W 4vig = 5 3 (Nordberg and Arner, 2001) ©

(2) €% i* & (hydrogen peroxide; H,0,)

BF O E Aok AER Y T e b iR Wi R e skeng 2

M-

VEE CE T B BN h Fet F RA Y BT A i
4 A ARFILPTHESF LT & Fe’ chivr T d Haber-Weiss &
A2 35 pd & FREB+4)4-™ (Nordberg and Arner, 2001) :
Fe’' + H,0, > Fe’ + OH~ + « OH

H,0, + 0, >0, + -OH + OH

10
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Tablel-2 Effects of reactive oxygen species damage to lipids, proteins and
DNA.

Oxidative damage to lipids

®  Occurs via several mechanisms of ROS reacting with fatty acids in the membrance
lipid bilayer, leading to membrance leakage and cell death.

® In food, lipid peroxidation causes rancidity and development of undesirable odors
and flavors.

®  Site-specific amino acid modifications (specific amino acid differ in their
susceptibility to ROS attack)

®  Oxidation of Fe-S centers by O, ~ destroys enzymatic function

®  Oxidation of specific amino acid “marks” proteins for degradation by specific
proteases

®  Cross-linking of DNA to proteins

(Scandalios, 2005)

(3) & § pd 4 (hydroxyl radical; + OH)
Fpd AR P vapd Ao AR Ed GEF A 2R
F+iE* @ A2 (-2000)c 3 F pod AEZA P F RBIEEGTHEES D

o f2- o TARY AAIEEL 2 TRE o R 4 s 0
T i A4 FS (B 0 1993) -

(4) ¥ i § (singlet oxygen; 'O,)
PRSI ST RBHES )15 F BDE L3 > FIT
TR E A RSTRTFRE R ED PR R R B

11
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€2 RITE R A {orgippRE s L iE* A)2 3 5 L 4 (Dziezak, 1986) -

(5) 3% ™ & (lipid hydroperoxide; LOOH)

E s #Fj FRLHPN G A7 oy s L (polyunsaturated
fatty acid; PUFA) £ Fld ¥ pd fheng it 5T > 2 oy pph st g
FPAATYREAL-BE R aqpd A L) §a5pd AW
Pl- g hFA ke F  BEF-Ge P@gr Ko afpd AREF A
>y g pd A (LOO ) milF fqpd g Ergigig Tt
& RF25% LOOH> — @ ¢ i 4f F 5142 R L 1F% > R @ Fhisv i
§ A5 Btk v i@ Pk e W g-u BT (Nordberg and Arner, 2001) -

IH ++-OH->L-+ HO0
L.+ 0O,>LOO -
LOO + + H" > LOOH
LOOH +LH + O,-> L'0O -

(Z) #F PR 2 REH B

EEF ARt BER B XTI AF]S (2 PR
BRI E - EARGT) P AR (BB BER) LR LBV (HR
FaF L RhF D RArEREFRY) ZERFFPE B dpd A
Bt g o f A2ER P D A TR ERA BT L (Jeetal 2004) - 41
FOOR O LARGAMERT Y NP ESHAEEF D oA
(Ranathunga et al., 2006) > @ % fe endg i“ &7 3 L L3P 277 FARR
PiEd o GEBSFMP LG P ERT AL IRF VP R P
d AT e R BT m%f,mﬁ4g;gm%£w¢ﬁﬁ%’ﬂ&%%é
ey BAE LR RN hg RS .

¥OA4LF VWG iEE L4 fF (catalase) ~ FkPRiE F it fF (glutathione
peroxidase; GSHPx) ~ ‘24 2C (vit C)~ 24 2E (vit E)~ B-# & § %

(B-carotene) ~ butylated hydroxyanisole (BHA) ~ butylated hydroxytoluene
12
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(BHT) ~allopurinol % > v 2 [£1-3) M T EZEZ FiT* T A 5 4 =

Bg
(1) pd A¥ A (free radical terminator)

AR - g VR M RESRE VRS L ps 3 B % B Zk(phenolic
hydroxyl group) &4 7 2l d R+ & pd AF o k@ g F i
R S NI LT
(propagation) #p i¥#* >4e: 8 B * 2. BHT>BHA -tertiary butylhydroquinone
(TBHQ) % vitE % &% (Giese, 1996; Shahidi and Wanasundara, 1992) o

Q) BRALS '}%“f #| (reducing agent or oxygen scavengers)

=R i I R I T Lt VE LI L IRt X
dRFEHFHRE RI Ky Ll LR ERORBEF LT RE
Fh- B R RR DR o Iy CHT *f»f;*“"f &R S
O”"~ + OH-peroxyl radicals (ROO-) % % % o d A& F2£4d A2 H,0,°
i ROS &4 A242% 4cig 3 i F i€ 7 i 4 (Namiki and Osawa, 1986) -

3) & B & £#] (chelating agent)

AR RERHAIFLT AMRUED S BT Y L
FARY AT ERBS TRELDBIEG AFT L0 L
CB AL EFLE ok o PP AS Cult & Fe'l HiagFoita 4w
+ o F g b ek 4o D R L (citric acid) ~ B4 (phosphoric acid) *
ethylenediaminet- etraacetic acid (EDTA) % (Dziezak, 1986) °

13
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Tablel1-3 The commons of antioxidants.

**Non-enzymatic antioxidant molecules**

Antioxidant molecules Subcellular location

Ascorbate (vitmin C) Plastid; apoplast; cytosol; vacuole
p-Carotene Plastid

Glutathione, reduce (GSH) Plastid; mitochondrion; cytcsol
Polyamines (e.g., putrescine, spermine) Nucleus; plastid; mitochondrion; cytcsol
a-Tocopherol (vit E) Cell and plastid membranes

Zeaxanthin Chloroplast

** Antioxidant enzymes**

Enzyme EC number Subcellular location

Ascorbate peroxidase 1.11.1.11 Plastid stroma and membranes

Peroxidases (non-specific) 1.11.1.7 Cytosol; cell-bound

Catalase 1.11.1.6 Glyoxysome; peroxisome; cytosol;
mitochondria

Superoxide dismutase (SOD) 1.15.1.1 Cytosol (Cu/ZnSOD); plastid

(Cuw/ZnSOD; FeSOD); mitochondrion
(MnSOD); peroxisome

Dehydroascorbate reductase 1.8.5.1 Cytosol; plastid

Glutathione reductase 1.6.4.2 Mitochondrion; cytosol; plastid
Monodehyoascorbate 1.6.5.4 Plastid stroma

reductase

Glutathione S-transferases 2.5.1.18 Cytosol; microsomal

(Scandalios, 2005)
(4) H i § #r+418 (singlet oxygen inhibitor)
AR AR EEF Ay 8 B2 oAt B R F 0 Fiv

=% (lycopene) ~ = ¢ "= (triethylamine) % % £

|m
~z
=
pres
G
e
ey
3\
=%
.

(Foot, 1976) -
Mo bat 2~4 IFz2 fng ARG mdig MH > TR QL E“F‘T

THfd AR ER AT AR F

14
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X Y REH

-~ 8§ 519475 (food-derived bioactive peptides) 2_ 373t

— A g o MRV L FIR G oA BIRAR IR 4 T AR i 4d
Bk 2 S X KR ¢ (glycosylation) Bk it (phosphorylation) »
fi.1t (acylation) 474 > BE-F v4Pktimee 4 DR (Nw o B E o PIFAR R
TR A o ABT/Y oK 0 Fk iR e E b O AR TE L
FRABRIMIROBERZEIAEEFORARK (R 1999)-3F 5 kp 3
Py e gMBET LG AFFN AR FEENRTER KD S
AL A gE Y B S g AR SRR R
(Korhonen and Pihlanto 2003) e & p % 2 /& ¢ & Lha e » 401 4 ¢ (Saiga,
2003)~ & ¢ (Klompong et al., 2009; Mendis et al., 2005)~ = 45 (Meisel, 1998;
Quiros et al., 2006)~ = & (Pena-Ramos and Xiong, 2003; Zhong et al., 2007)
%t 3 (Davalos et al., 2004; Sakanaka et al., 2004) % > 32 R 2 3 & 5 2 12
Blbends Feo8 4 @R ¢ 7 #pF (antimicrobial) (Gobbetti et al., 2004)
Kg 8= (opioid) (Meisel, 1998) ~ ## F % & (mineral-binding) (Li et al.,
1989; Mellander, 1950) ~ ux ¢ (antithrombotic) (Chabance et al., 1995) ~ $<
% i (antioxidative) (Byun et al., 2009; Qian et al., 2008; Sheih et al., 2009;
Song et al., 2008) ~ # & ¢ % (immunomodulatory) (Korhonen and Pihlanto,
2003) ~ *% *2 F Az (cholesterol-lowering effect) (Zhong et al., 2007) ~ *% & /&
(antihypertensive) (Je et al., 2005; Qian et al., 2007; Quiros et al., 2006) % > 12

T u A MR AR A Bk seehet i (B 2-1]) ¢

15
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Cardiovascular Nervous Gastrointestinal Immune
system system system System
|Mineral bindind |Immun0m0dulat0ry{
|Hyp0cholesterolemic|
Antioxidative |Opi0id antagonisﬂ
Antithrombotic Opioid agonis@]

(Hartmann and Meisel, 2007)
B 2-1 S iEHEIEIR2 #oax
Figure 2-1 Functions of food-derived bioactive peptides.

(-) %% i %3 (gastrointestinal system)

(1) #+ ¥ 3% &4~ (mineral-binding)
G g FREMRAHTEI RFEARLDLL £ -
A

P
-q 2
T
(W)
e
3
=

Caseinophosphopeptides (CPPs) & & 50 % & w47 11 F
J& (rachitic infants) g & (Mellander, 1950) ¥ ¢t » ¥ Fr Ca®" fiw %
Tk W Catl - A A EAES 4 (Lietal, 1989) o

(2) #1#] (antimicrobial)

GRS SFPLAST i e R P e 0 B F ORI A& A
4% 0 40t $ N A (Gram-positive bacteria) ~ ¥ % £ 1L F
(Gram-negative bacteria) ~ fi¥* 7 ~ 3, £ f# (filamentous fungi)  *75 4L
HERARE N G LR SRR e SR d e 0 A5 Y BECE 2T A S o -

P R 12~50 BT ket e S 3 gk b A

¢ 50% (Rydlo et al., 2006) -

(3) & 2544 (antiappetizing)

Caseinomacropeptide (CMP) # ] § j& e is ~ i § Jeig ~ Tlgcs
£ fc#5H (cholecystokinin, CCK) 3z & ~ad|- = g% §les & 4 of 1
(Yvon et al., 1994) -

16
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(=) =z ¢ %% (cardiovascular system)
(1) *# & & (antihypertensive)

R L REERA S L Eirs s i K A G iRRA R Rl4E o 4o IR
(proline; Pro) » 3 #7 % 4p 1 » & casein 4~ 3! Ile-Pro-Pro 2 # & 2§ " i
BR2_woaxo X drdk R (ICs) 5 5.0 uM (Kohmura et al., 1989) » 7= 5 A
& oo ’J‘ 4 ¢ oK f2 21 2. angiotensin I-converting enzyme (ACE) inhibitory

peptide » H %L & B 7| 57 Leu-Val-Leu (Hazato and Kase, 1986) °

(2) #.% v (antioxidative)
- B35 FAEKfEAZ SR T ARGl § L F B2 5 it R
ipE jtugeﬁ«,; Tenpd AR o pU Rk SV HAE £ N BiRiES
AR ffs s B0 FOKEIARMPLE AR g e i -

(3) #us > (antithrombotic)
k-Casein 5 rennin % {&¥ & 4 glycomacropeptide > p* "+ °x¥ Fr |
FRE PR AT B8 L BIE 8D Hus otk
(Chabance et al., 1995) -

(4) *#":£ ¥ p% (cholesterol-lowering effect)

TP Fed WA PRe REF L F R LEF{BLA» HY UL B Fho &
1 % = A iZ>Zhongetal. (2007) 45 41~ & 3¢ X5 alcalase T% #T4& 4 2 3+
0 Rk fES o W R BAER 24% x FPEFME (cholesterol) 2 34% K
%R %5 39 (LDL-C); + B3k 39 (glycinin) 2 =¥ F-kjat v kjz -
iEw 33r< > gL B 7| 5 Leu-Pro-Tyr-Pro » » ¥ 12% X & "2 F A (Kwon et al.,

2002) -

(2) &£ %5t (immune system)

£ 4n ¢ i casein & & whey 2 -9 FoKkjEf+ ;”ﬁ“:} Tl = dove 3
17
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A~ flEF A & B S me gk RHEALREHN c BELEF AEDR TS
375 > fL 5 immunomodulatory peptides £ cytomodulatory peptides o % %
PELART M EAT R 2 BAECRK 0 B R YRS LR SR
(Korhonen and Pihlanto, 2003) - Kayser et al. (1996) % 3. lactorphin %
k-casein P VA FE B 7| Tyr-Gly fo Tyr-Gly-Gly & & ] % §8 % f o
T IR L -

() # £%3 (nervous system)
¥ %8 % (opioid)

KEoH SRR R - AR AT AN RS A R (R A4 kA 4o
A FF ~ RAEPEMR E o d  P-casein -k fE#7{F 2. [-casomorphins » ¥ 4 £ §
EHE P RFERF ORGP KA RS T € 0 EFIRRIE
oo pteb s BE NEKIL L F A REF N (Meisel, 1998)

gt F Ao B E A e g kS BT B s R ks A
BRAFEFER GRS > AR SRE BRERT DT Gk o
N LR YR TR

G4 ¢ 15 i x%}'ﬂ’}ﬁ“/‘ TE A 2 g R

1y

AgEd A Eg ETE i iE ”Lral’?mf‘}fﬁ X * % (Ames, 1989) £ 1 &

‘g_

2 4F 4 A 0 dep FRi2 @ F & (n-propyl gallate) ~ BHA - BHT &% @ &
SR EL A RRIIY NS SEG2 L b (Halliwell et al, 1995) » 82 2%
R AL AR I S S L S
g Ry N E SR E @ 2 (Branen, 1975) ¢ Fgt 5 5 3F 5 ﬁ‘fjﬁ’t‘ié
REHE 2E A RNy 5T 50 A M ok (7
F o TLHP R A o

SR I R TR U RN S S UV L SR
TE KRG ;Iﬂfﬁ-ﬁﬁLﬁ-}é kR e T 0 Ben FOKRE T &

332F 5 A kiR hH% & (Sheih et al., 2009)° 3% (Sakanaka et al., 2004) -
18
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<~ 2 v (Pena-Ramos and Xiong, 2003) » F? #& (Suetsuna et al., 2000) > 7
% (£ > 1998) > # 4 (Amarowicz and Shahidi, 1997)% » @ igdt F-v B
KR PR L A R e BB RRF RS AT ¢
Z ¥4I Frid B F 1 £ % (inhibition of linoleic acid autoxidation) ~ i &
4 (reducing power) ~ 43+ £ & it 4 (metal ion chelating activity) ~ i
",/TT DPPH p ¢ # it # (DPPH radical scavenging activity)\'}'ﬁ*“‘,’f a3 pd i
(hydroxyl radical) ~ 4%, 4<% i* 5t # (trolox equivalent antioxidant capacity;
TEAC) ™ % % p o #w4ziv 4 (oxygen radical absorbance capacity; ORAC)
£ 0385 Y BRI S S b R RO B R ORAMT
Wiy VRN A PSR R BT - BRER DS
[# 2-2) G4t & 4 F 12 protease N -KfZfs » | T H g (VB M I
K fEF 2 1,400 Da 2 #2754p #3900 Da %2 200 Da 2 P3P E 3 $ad3ih
Pyl peiEE M TEr (6.5 ) ')'F*"‘,’TT DPPH p d i * (15.4%) %
Bh42mkiEi 008 (Wuetal,2003)c #-+ & F-vd & =4 2 A 4o 4
2 41* pepsin ~ papain ~ chymotrypsin > alcalase ~ protamex - flavourzyme
kiR 25 EaTH DH A3 1.7 ~ 20.6% 2. B2 33 iCF 430 28 ~
65% » #& ¥ 3 »x"# X thiobarbituric acid reactive substances (TBARS) » #r
[ = fz (malondialdehyde; MDA) # = (Pena-Ramos and Xiong, 2002) °
Chenetal. (1995) # 7 S5~ & 39 F KRRy L2 30 6 fAF 2 F IR
5~16 Brefipies2 %> 29 & 77 N =2 Val v Leu M2 A 7|7
z_ Pro~'e'=<pz (histidine; His) 2 Tyre 4| * 4 7% p f= (mackerel intestine
crude enzyme) % -k f% Alaska pollack » & % % i g (ultrafiltration; UF) +
#S5BRAEP 2 UL FE A 1 kDa T HUERE 4 G g 1
mt o LRSI arF i B 7 5 Leu-Pro-His-Ser-Gly-Tyr » H &

FE95 672Dac TeE F A d A4 5 35%(53.6 uM) 0 BEa ) A

4y

AR L 3 i Fig L E 1 (Jeetal, 2005) o @ g E E R = FA7

I

F 3¢ -k f2f* (protease XXIII ~ orientase ~ papain) . H 2 g R & (&K 3
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37C~50°C ~25°C) &7 Kz #3717 v F-kf2s 2B &+ ~TBARS »
/%“/TT DPPH p & At 4 &g B S5 g R9TE = A4k %
protease XXIII F-v F-kfEf t-kfE Shr 2 4F “ B E > Ft £ )
AR Bz @S5S BLERAFHP U B fr C B4 ¢ dis
PR Gy C 4 2 a3 2 4% 390 ~ 1,400 Da o FHE A
HPLC ~ 3t B fr C ® A4 ¢ b sy F > Bt T R {6 > 7 & W[ {7 5]
Pro-Ser-His-Asp-Ala-His-Pro-Glu ~ Ser-His-Asp-Ala-His-Pro-Glu ~ Val-Asp-
His-Asp-His-Pro-Glu ~ Pro-Lys-Ala-His-Glu ~ Pro-Ala-Glu-Tyr ~ Pro-His-His-
Ala-Asp-Ser ~ Val-Asp-Tyr-Pro iz 7 e (b /E M08k o gt 33 BT §
d 4~8 BrefipeA AT 8P @455 Val-3i'epk (serine; Ser)-Pro -

His ~ 3 "=f& (alanine; Ala) ~ % # "&f& (aspartic acid; Asp) ~ &%k (lysine;
Lys) ~ 45 "=<fi4 (glutamic acid; Glu) ~ 4 #%f& (glycine; Gly) = Tyr & 10 #&
LR R=EiEs N £ S "’T‘ DPPH p d #ic ? 5 66 ~81% (& > 2002) -

Chen et al. (1996) 1945 * & v K3 » & 2 Fog ek i

Leu-Leu-Pro-His-His » i & = 1 28 @ <R 7| > 7§ & IRA “,ﬂ% C =
His ¢ "% M4og L5k & f ",’TT N e Leu RIRFE - iP5 RE )¢ >
His §= Pro #§ ¥ € & g L iF > Aigdt B P * 12 Pro-His-His #
BARF MER e T b e KR YA #91chk B 4RE R LS

Ala-His-Lys> # 7§ “ /&2 % Ala-His 225 2 His-Lys & £75805ei
fi (Tsuge et al., 1991) -

WA BRIOR A B R FORRP IR §RLE AR
Eﬁi“%ﬁ%ﬁﬁﬁﬁ*‘i%ﬂdé SRR ¥ T RER R
bl oo W EFE B MRS S £ £ *t 500 ~ 1,800 Da (Jun et
al., 2004; Kim et al., 2007; Ranathunga et al., 2006; Wu et al., 2003) ¥ N =}
4o ok s (Val & Leu) & 577 77 Pro~His~Ala~Tyr~Trp ~
v fitfit (Methionine; Met) o #ixpt (Cysteine; Cys) & "%Lfk % 3
£ 3 #i3 L EH (Chen et al, 1995; Elias et al., 2006; Kim et al., 2001;
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Uchida and Kawakishi, 1992)> # 1 7 & o3 L jF 0255 a-2 ¥ R & I
7 f& (linoleic acid) U1t % 3u@ 2 Fig it F1E4piT (Dong et al., 2008) » 3~
o FEd 20 @A ;ﬁd [ R R ?,Fixﬁe pd Ao
2 }F*J%ffﬂ g %R A Trp o Tyr £ 7 de§ V5 Flg AT 7 sl
- (indolic) frfs & (phenolic) %7 § 14 cis b ¥ A T+ 7 4 f
d 350355 { 42 2.9 indoyl - phenoxyl p ¢ 7 (Hernandez-Ledesma et
al., 2005; Suetsuna, 2000) - B2 2 FLF I ILET F ook ol B A1 A7
Poe His Boiiss #FRL G 4nF Rl Fac REAT TR E R Rard
PR iriEE pd AAF o 2t His £ 3 sfed (imidazole) ¥ & £ B+
A & (Chanetal, 1994)c 3-v F-RjEd2 423 508 Rkl o fefasg -
KFER S RARE R A oG 2 PR AR R % 5 B % (Chenetal,
1998; Kim et al., 2001; Pefia-Ramos et al., 2004) « H ¥ F-d fiscn® — |+ 8 %
ARTF LA E RIS S Y Bl o A AR
B Feh DH 2 Fod ok jade ot Bl 7 jid 3 3o prokAp A
v TR IR g AR A R TR IR AL e R B R R 2
R fE > @ R Fod EV R T F R PR 2 B 0 R (3R> 1999) o ] * fE-R
fRen? N AR R B - REE KRR T A 5 R p s 2 alcalase
neutrase ~ flavourzyme ; X g #&4~ 2. papain ~ bromelain - ficin ; % p & 2.

pepsin ~ trypsin (Guérard, 2007) > ¥ ¢t s [ % 2-1] 5 ¥ Lenp £ 30 fr i 5§ o
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Table 2-1 Lists of commercial proteases.
Typical pH . e o b >
Enzyme Source Type of proteases range* Preferential specificity ezl
. 3
Pensin aspartic protease 1-4 aromatic -COOH and NH,, Leu-, Asp-,
epst partic p Glu-COOH ,
. , Fv %
animals Ox, pig
Trypsin serine protease 7-9 Lys-, Arg-COOH
Chymotrypsin serine protease 8-9 Phe-, Tyr-, Trp-COOH
cystein 5.7
Lys-, Arg-, Phe-X-COOH
Papain plants protease (pure) L =
(pure/crude) papaya fruit Mixture of papain, chymopapain 59 Fv %
Broad specificity
and lysozyme (crude)
bacteria s
Alcalase . serine \rogts) 6-10 broad specificity, mainly hydrophobic
bacillus -COOH 39 fs
licheniformis )
bacillus =4
Neutrase amyloliquefacie metalloprotease 6-8 Leu-, Phe-NH, and other
ns (B. subtilis) Fv f*
fungi mixture of aspartic protease,
Fungal protease Aspergillus metalloprotease, serine protease, 4-8 very broad specificity
oryzae (A. sojae) carboxypeptidase

* Indicated application conditions.
® Terminal amino acid after cleavage.
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Table 2-2  Protein hydrolysates of antioxidative peptides.

. 3 . o 0 *
Source | Enzyme Peptide sequence Scavenging activities of IC 5 Reference
Hydroxyl radical: 44 pg /mL
Venison \oain 1.Met-Gln-Ile-Phe-Val-Lys-Thr-Leu-Thr-Gly (9,854 Da) DPPH radical: 77 pg /mL (Kim et al., 2009)
eniso papal 2.Asp-Leu-Ser-Asp-Gly-Glu-GIn-Gly-Val-Leu (11,213 Da) Superoxide radical: 217 pg/mL metal,
Peroxyl radical: 85 pg /mL
) Inhibition on autoxidation of linoleic
Chicken Al : His-Val-Thr-Glu-Glu acid (day):
TCA 5§52 ¥): (Wu et al., 2005)
essence A2 @ Pro-Val-Pro-Ala-Glu-Gly-Val Al: 0.003 Days/pg
A2:0.722 Days/pg
Marine 1. Leu-Leu-Gly-Pro-Gly-Leu-Thr-Asn-His-Ala (1,076 Da) DPPH radical scavenging activity:
i 1. 189.8 uM B t al., 2
rotifer pepsin 2. Asp-Leu-Gly-Leu-Gly-Leu-Pro-Gly-Ala-His (1,033 Da) it 1o (Byun et al., 2009)
2.167.7 pM
DPPH radical: 16.1 pM
Bullfrog alcalase | Leu-Glu-Glu-Leu-Glu-Glu-Glu-Leu-Glu-Gly-Cys-Glu (1,487 Da) | hydroxyl radical: 12.8 pM (Qian et al., 2008)
skin superoxide radical: 34.0 pM ?
peroxyl radical: 32.6 pM
crude enzyme
. extract from Leu-His-Tvr (431.2 D . (Bougatef et al.,
Sardinelle . eu-His-Tyr (431.2 Da) DPPH radical: 63 + 1.57%at 150 pg/mL
viscera of 2010)
sardine
] DPPH radical: 41.37 pM
fII-.I;):: - Glu-Ser-Thr-Val-Pro-Glu-Thr-His-Pro-Ala-Cys-Pro-Asp-Pro-Asn hydroxyl radical: 17.77 pM (Kim et al. 2007)
roteien pepst (1801 Da) peroxyl radical: 18.99 pM tm et al,
P superoxide radical: 172.10 pM
Conger eel trypsin Leu-Gly-Leu-Asn-Gly-Asp-Asp-Val-Asn (928 Da) hydroxyl radicals: 74.1 pM (Ranathunga et
muscle carbon-centered radicals: 78.5 pM al., 2006)

*ICSO means the half maximal inhibitory concentration.
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g KA BASFES T2 HFH

Mt BB X 5 A N LA AR S S el AR
PR F G e BV a0 uE R (filet) oA H e o g L~ bEE S
B AL PEETRDIY G F LR NBESFTEF EEA A (Kimet
al., 2001; Jeetal.,2005) > P4 ¥ & > HEEE > THRFEHPE > 0T I
KA E A S FEY TFE

1) & A& (fish skin):

1iE Bl g A T A I R k-9 (collagen) frP #%} (gelatin)
AE a g R 4*’?%‘3—“7 P o RFd fem Bz Bt
Wit ft > 4o Gly ~ Ala~ Val 2 Pro o PP ¥z %P5 E 4 fh¥Feani 7] 5
[Gly-Pro-Alal,> § % 45 2 P B g o f -k fafs 7 A 2 4§ i obrs (Kim et
al., 2001; Mendis et al., 2005) o ¢t > & 5 # 7 % R > Gly-Pro-Ala {8 4+ $i3¢
#RT LA 8 P S o e b Ca’l 2 4 W {1 % 5 (bioavailability)
(Kim et al., 1998) «

(2) 4. (fishoil) :

A FEIEPAB A H IR A A E A R A AT
R -HETEANAE2~30% 2 E B KAV A AT BTRADNE b H
AR Ed 2 BN iy s (fatty acid) #rE S 0 A B G 03 k52 7 e
a3k fa 2. eicosapentaenoic acid (EPA) 4v dicosahexaenoic acid (DHA) °» -3 *4

FEEE G S RN IEFBEME - A gl 0 AR TR MR Y YRR o R

Almre i3 4p o " M BRfeec d g W F gk (Kris-Etherton et al., 2003) » ¥ ¢ >
s BRAAGY g T U F FER T AT ¥ e B # (Berry,
1997) -
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(3) &% (fish bone) :

é%ﬂ'\ é’#é}%ﬁ_—fj\mhl—ri %ﬁp’ﬂ“’ﬁﬁ&ﬁjﬁglﬁé}in%{}ﬁ}é[t
30% (Nagai et al., 2004) » #1488 F 60 ~70% chztt pcs | 1 & EEhpeds
(calcium phosphate) {r2 g4 # (hydroxyapatite) #Ti= o -] 4 #87? 2z 3 &

W4T KR T G s A R Arscde g * (Larsen et al., 2000) o

4) &P %9 (fish muscle protein) :

FACLE R ATHIRTE AR SEFITY 2 oRRF TR P hd LA R4
Mgy 39 B i = 2> k9 F 0 4ol Sliver carp & F 14 alcalase %
flavourzyme i& {7 -k % g %4 AT F Fd oK fEP » + £ 37] 3 5,000 Da -
Iy A SRR R H ﬂffjv;’?i’?ki’ﬁ Wl aplA v H &
Lo mARGERE o FiLg (L EMEZ DH 2 & 0 % 4 alcalase K jE#rA Az R
T-kfzd 5 B & (Dong et al., 2008) o

. B g e 1 Bl & E RS2 3R

EHIEIRK R @ S A B ok fad ks H P B BT A
P e e o F (RS L K e RSP B e o kA g
e/ S I %‘LE‘ i At LR A S FES AT G I BRI B
SRR RAEE vl WA TR FRE G E LR
i3 it exr *  (Hwang and Ko, 2004; Jao and Ko, 2002) o §]* < P g 4. o & P
A W] %5 d alcalase ~ a-chymotrypsin ~ pepsin ~ papain ~ neutrase fv trypsin % f#
f£% 8hr> # ¢ x 0 pepsin 1% Z 5 iF > BEFRFT A2 L3 fig (L EME
%< % H-Leu-Asn-Leu-Pro-Thr-Ala-Val-Tyr-Met-Val-Thr-OH (APTDM) (1,222
Da) > Rl €A 4§ - F L HRF joxify DPPH Ao A~ 3§ pd A&
Fregs vmApd A H ICs) A% 5 401 uM~294uM ~ 65.5uM 122

245 uM » #&7‘5 (- Hmef o+ FRT G A,:,%fo ‘mP% N ROS ~ # 4
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W RER ARTEY N RES RAELEHE (Jeetal, 2008) 0 gt 7h o i A

Ep T 1y sxdrq| ACE evE > & 5 % & B 22 (Qian et al., 2007) -
B h 20 peptic (KRS o K- kFehdRg BRI E ARSI KBS
Q-TOF ESI mass ¥ F_ & I — 5 5 B F g v B s > B 7] 3
Val-Lys-Ala-Gly-Phe-Ala-Trp-Thr-Ala-Asn-Gln-Gln-Leu-Ser (1,519 Da) (Je et al.,
2007) » o e BT 0 A1 A SEL G UFL LB 2

7
B o

i~ FIpeh

1Ak SRRt S I I ‘J‘é't*_g R s Fed FEAANEE R 1 ’QEJ&}J% 4
v ’F’T I E iy L EMEE, PRIk e llf e S < § 7

Frokfd el fe o Protease XXIII 278 & A d-o ps B (v % =% Zon-KE8 >4 %
ek fez. C #hPs48; papain & FifEd] 30 fsH 7% =% L Phe~ Tyr~ Leu »
Glx ~ His E"eiipaA L2 C =375<48 (Loffer, 1986; 5% > 1997) o tx & ¢ B Ht
FI# fw G L T2 A2 w EF el RAS S R M ITH AR R

22 7% &7 ¥ v fs protease XXIII (AM) % papain (PA) #Bif if i 7 Kz
1~6mwwiﬂ§é?$ﬂ%i1m1aﬁ§ﬂ%ﬁ’%£&&ﬁ§ﬂﬁﬁz
v FoRkEFEFRBERS FIE S FELF HFFE RP-HPLC 4~ a4 i >
T ET PG M E R RARE A U ART R PR MES F 2

Ba o &n &k pA&FDgRgE -
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$zi ppsas

AT % 2
(B3R ~ & 20)

¥
— R A

B & BN o T B E S » LS 2. K5
3., 4.‘ =3
W smopora EREELRED

R e A ZIRER

A 4

EaBgKAE1~6hr
1% & & 8(w/w, & A& a)
1. protease XXIII (AM )
2. papain ( PA)
AN NaOH £ % 30 ~ 90 ~ 150 ~ 210 ~ 270 ~ 330 min 38 % — = pH,
PA #4518

o 8% & KRR ’ KRR AR

A 2
R SR
A 4

FLEACTE M5 A
1. #%DPPH & & X4 A
2. ER A
3. ZEREET HOREA

¥

L RACRE IR 2 $b AL $ AL 7B AT
1. Gel filtration chromatography TAREETF RN

2. HPLC

48 Rk BK R B BR
Z K| 9
MALDI TOF/TOF
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S REHE
(-) #A«1EES

PR EEAGSRIERGF AT (HE 0 H) 2 AL E P A1 E
AEo B ESERH Y B RRHEY IR R 200 TR

@7 A 4T ki -

(=) FEEIp

AR AR Y 2 AE E R fr o suitde™ [£ 3-1]:
1. protease XXIII : % p  Aspergillus orzyae > J§& aspartic protease,
metaballoprotease, carboxypeptidase, serine protease & & %> & if (T % i 28 &
% 37C > pH7.5° %+ H = 3.2 units/mg solid (P4032, Sigma Co., USA ) -
2. papain : k p papaya latex » % cysteine protease %] c Eif (F* if 2§ A
% 25C > pH 6.2 ° F{+H = 1.8 units/mg solid (P3375, Sigma Co., USA) °
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Table 3-1 Basic properties of commercial protease.

Enzyme protease XXIII papain
Brand Sigma Sigma
Source Aspergillus orzyae Papaya latex

Aspartic protease,

metaballoprotease, )
Type ) : Cysteine protease
carboxypeptidase, serine
protease
Opt. pH 7.5 6.2
Opt. Temp. 37C 25°C
Activity Specificity 3.2 units*/mg solid 1.8 units**/mg solid
Mark AM PA

* One unit will hydrolyze casein to produce color equivalent to 1 pmole (181 pg) of tyrosine per min at pH

7.5 at 37°C. (cited from Sigma Co.).
** One unit will hydrolyze one micromole of N-alpha-benzoyl-l-arginine ethyl ester (BAEE) per minute at

pH 6.2 at 25°C. (cited from Sigma Co.).
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= REHE R

AR HRATRY B RE RO AT

E5 L4 B
a. &
ethylendinitrilotetraessigsaure Ferak
dinatriumsalz-2-hydrate (EDTA) Eark Berlin
2,6-di-tert-butyl-4-methylphenol (BHT) Sigma
L-leucine Sigma
L-ascorbic acid (vit C) fr sk
bacitracin Sigma
b. - iR &
2,4,6-trinitrobenzenesulphonic acid (TNBS) Sigma
2,2-diphenyl-1-picrylhydrazyl (DPPH) Sigma
3-(2-pyridyl)-5,6-bis(4-phenyl-sulphonic

. .. . Sigma
acid)-1,2,4-triazine (Ferrorzine)
ferrous chloride 4-hydrate (FeCl, « 4H,0) J.T Baker
ferric chloride (FeCl; - 6H,0) i 4
potassium ferricyanide (K;Fe(CN)y) E A
sodium sulfite, anhydrous (Na,SO;) E 4
sea sand CHONEYE PURE

CHEMICALS
sodium sulfate, anhydrous (Na,SO,) i
sodium phosphate monobasic
CHONEYE PURE

sodium phosphate dibasic CHONEYE PURE
(Na,HPO; - 12 H,0) CHEMICALS
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Hv- i FRHy 5 #E s

c. HPLC &3 %

acetonitrile (ACN) J.T. Baker
trifluoracetic acid (TFA) Alfa Aesar
methanol (MeOH) Merck
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s RERRFEARA
AFHRAITRR Y REE R ACT

RE LM R % /35 W H /AR
SUNTEX Instruments
pH meter SUNTEX SP-2200

GRSV

) S-SR

Ak kR

ELISA 3k &3+

A ST S

i

YIH DER BT-150D

Hitachi himac CR21

Hitachi U-2000

Spectrophotometer

Bio Tek p QUANT

EYELA FDU-2000

NEY M-525

YIH DER DK-500D

AND GR-200

FARGO HMS-102

Vortex-Genie G-560
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Co., Ltd., Taipei, Taiwan.
YIH DER Information
Technology Co., Ltd.,
Taipei, Taiwan.

Hitachi Instruments Co.,
Ltd., Tokyo, Japan.
Hitachi Instruments Co.,
Ltd., Tokyo, Japan.

Bio Tek Instruments, Inc.,
U.S.A.

Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan.

Barkmeyer Division
Yucaipa., Canda, U.S.A.
YIH DER Information
Technology Co., Ltd.,
Taipei, Taiwan.

Mandarin Scientific Co.,
Ltd., Tokyo, Japan.
Macro Furtunate Co.,

Ltd., Taipei, Taiwan.

Scientific Industries Inc.,

New York, U.S.A.
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( gel filtration )

B i A R
t5 % (HPLC)

pump : PERISTA pump
SJ-1211 H

fraction collector :

ADVANTEC CHF 121 SA

recordor : Opilcal unit type
11

detector : Teledyne ISCO
UA-6

pump : ELITE LaChrom
L-2130

autosampler : L-2200
UV detector : L-2400
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ATTO Bioscience &
Biotechnology., China.

Toyo Seisakusho Kaisha,
Ltd., Tokyo, Japan.

Teledyne Isso Inc.,

Lincoln NE, U.S,A.

Teledyne Isso Inc.,

Lincoln NE, U.S,A.

Hitachi Instruments Co.,

Ltd., Tokyo, Japan.
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I~ REE
(=) A*=AAH
(1) -k & Bl Z_ (moisture)
1. TR
kA Bl E %Y AOAC (1995) 2= 2 - H ik 5 E 3~5g WiphiEd

e i (W) ¥ st me Rt () EWEEERY X UER

Ry

105C 3‘)# 24 hr 19’/ /6"7}-[‘ ’Ej‘_'}f_'ﬁ: (Wg) f‘é,lE"

FENETEL T2 SRR E EREL L Img T oo

2. Ea A
Wi —Ww,
moisture (%) = =100
W =W,

Wy: =g L £ (9
W, :
W, W, st g2 EEmFeanE £ (g

7}1— e £ o+ BR&EDEE (2

~

(2) * A Bl % (ash)

1 R%HH:

ARl A %% AOAC (1995) 2 %% o M 5 F 3~5g (W) 70
iﬁiﬁ&ﬁ%U%W)j&éﬁiﬂﬁﬂ%é’aﬁﬁﬂWw’#‘wOC’ML4

~6hri » IHRERRXE AT I B AR LIrfE EIBEE (W) s &k o
2. #EaF
WashZ_Washl
ash (%)= x 100
WashO

ash() 1%: m_—é- :E-— (g)
Washl . H j:]I‘g _rf’!‘_é‘_ :E-— (g)
ashZ . 1%: 7’)\ i %; ﬁ/’__‘i—_ T‘i (g)
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(3) #= %9 Bl Z_ (crude protein)

1. RE&HAR:

de F-vo Bl % E %% semimicro Kjeldahl method (% % > 2000) # £ & o
MR e E 1go 2 r Af2sg? > L4 r 20gK,S0, & 1 gCuSO, > s
Bde » 40 mL EFREE>Y A fRFLP > B AR Y B (400C) @ FAfE 1~2

hr {5 > # R4 4rie > 4r > 200mL ZA-RE L fR¥gY 2R E > T2 ED

—

250mL - £ B3 Z4GKE » A 5P 20mL ek % 15mL 4 fcd § 4003

e 2 25 mL 0.1 N HySO, i3 i 4e » Bf " ARldpm A B 302 £3g¢ » kit

7 %&4 B 1612 0.1 NNaOH 3 if €= &3gecdip & S &F T8 (a)°
2 (blank) R]12 3 etk SR (74 R~ B E F T (D) -

N
Wl
‘_.
Jo
»
My
o

(b—a) x Fx0.0014" x 6.25 " x 100

crude protein (%) =

oot B EE (2)

a: A3 0.1 NNaOH 287 % 5 <8 (mL)

b: 7z v #F%&:0.1 NNaOH #2873 % (g 8 (mlL)

F:0.1NNaOH &% %4
402 0.1 N ehT iR 2030 (0 T A 1Y MR MK BR 1R B A
K3 DDA ESR R Y (TR R R) N T R RIF TR TR
o RpmmavkR o B4R TLIF R RERR

*i4p% * 0.INNaOH :#/27% 1mL 0% & (g

0§ thdic (39 ;’flb/‘vﬁ 16% § » & &7 g1 Fov by A e
FEFMEF R GF R A RS E Fd T FREF £ % 16/100

=625 Hia#cTT e dd £ o)
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(4) #e%g 3R] Z_ (crude fat)

1. %,56;-}5,25:
dera iRl R A %Y AOAC (1995) 2 = i# o = 5 E 3~5g(Su) > &

=5

ST o e r EoRERERA 8~10 BE A A r P EHRER ) LR ED
Ko FoE kR Rl AN 0 R X E BB (soxhlet extractor) 3 P~ o

<

> /z‘ i}\j‘s‘} _é— 19 m)\ (VVfat()) fv A~ T ﬁL__L ] 2/3 m,ﬁfi ’ ‘ ‘\:‘l:/z’\/;’i%;

Ak

B 50C Kigt P sed o 6~8hris » BRI g AP > B> § X B
ReEIMABIFEBRFE T LR LEZ B3R 100C P47 50 1

hr o AR g BigFBr A 2L W) EFEL S -

crude fat (%) = = x 100

Wio © % BehE £ (g)
Wi © % )F?j*:ngéﬁ ®HEE (g

Star * Pe R E (g)

(=) #WhF9 okizREA

%% Chengetal. (2007) 0= ;2 » B~ 50g R isehfm d o & F 41 B A
& (4% 13.595 ~ 14.665 g 1 protein £)+ 4 > 100 mL 2 35 -k 12
blender ##4#~ 2min> £ * 1 N NaOH # # 3|8 pH(AM:pH7.5; PA: pH
6.2) ¥ ¥ SMER-kis 4 (B 110 rpm) ¢ AfFEE R A (AM:37C 5 PA:
25C) T 20min- # [ 30sec 4 B4er 1% Fv fF (Ww, 4 F kv £) &
7-kf2 1~6hre & 1hr Jef—- = Ak i a4F pH =2 (2 30
90~150~210+270330 min ¥ £ — =t pH)o 8 i 847 838 £ i = T3z~ 100°C
AoRIEdRSe A 20 min LA RO #i%dz”?{%/]i’}iizi 10 min ¥ i H 2 4ris >
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£ INHCI & 1 NNaOH ##&32 pH7.0> & 4°C &2 12000 g &~ 15
min » B~} 5% » 2 Whatman NO.4 g A i8ig » ¥ F i h 39 KRR » ¥ X
»ERELY > T REZFELR o

B h v KRR 2T DH Rl H AR L iR A g
RO BRE R A VEm AL SR 1 BASL RO FokRS
(hydrolysate, H) (7 5 fii g F-v H-Kf34) {853 20CT & * o

(=) kfERBlZ

1. #FHH3H:

K fER Pl %+ Adler-Nissen (1979) v Crowell et al. (1985) 2. = ;=
T3 ez o B~ 125 ul #w 4 39 -Kf%7% > 4v » 2 mL 0.2125 M sodium phosphate
buffer (pH 8.2) 2 1mL 1% TNBS i3 % » ** 50°C -ki% 30 min > $ {44 » 2
mL Na,SO; (¥ - F ) R &35318 > #E ZET 15miny @ % &2 kL g3t
Bl E_ 420 nm 2 vk KB o PRl e (0-amino acid) 2 L-leucine i % 7
7ot L-leucine 7 #d 5> F g WHEREY S [B 3-1) &2 kRd p 4

EE RN R

N
Wl
‘_.
Jo
»
My
o

DH (%) = [(L;—Lo) / (Lmax —Lp)] * 100
Lt 57 ko Rfapr @ ers 5 0 kehpggpoekpi 7 £
K B POk RO B N ks g £ o
Loy © SBE-kfRE W kengtedm s £ G de SF %1845 0.1
g 4t > 40 mL 6 N HCI > #x »~ %43 (105°C) -Kf% 24 hr > /4 %r » 2 Whatman
NO.1 ik * £ J1* 6 NNaOH # %3] pH 7.0) -
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0.4 -
0.3 -

o

od

g 0.2 1

O y = 0.075x + 0.011

2 =

0 | R2 =0.996
0.0 ¢/ . . : .

0 1 2 3 4

Concentration (mM)

% 3-1 L-leucine 2 £ &
Figure 3-1 Calibration curves of L-leucine.

1.  The absorbance was measured at 420 nm and a-amino acid was expressed in terms of L-leucine.
2. Values are means = standard deviation of three replicate analyses.

() #F MEELSH
(1) #% DPPH § d &

1. R&E:

i DPPH pd &it# L4574 Yenand Wu (1999 ) 2 = 24} it i} e o
DPPH & - ey {82 hpd A A7 @ (e ) i3k 517nm 3 @2l =
k&> § DPPH 5o fuf “H»r#k e H #HBRis > HekE g s
e Rk EARISR] A R AR S DPPH p 8 Benifrpin 4 A5 o 2 5
-

DPPH:- + AH->DPPH:H + A-
(violet) ( decolorized )
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2. REHA:

v FokfRta w3 kY o DR EAER (255410420
40~ 60 mg of dried extract/mL) > B~ 1 mL if ¥ $& etk o 4o~ 250 uL 0.05%
DPPH 2z " g3 % (7 A7 fe®) 323 R &% % 30min> A kLR R
Z_ 517 nm 2 vk @ o 12 L-ascorbic acid -ki3 ;% ~ BHT ¥ %3 7% i 5 & ¥
PRle vt o BBy LR Vs ')jg*“‘,/Tt DPPH p o kit 4 4§ 1l aUpbae fd &
(RS EJ% o8 R I ECs (the effective concentration providing 50%
antioxidant activity) % 77 ;7 “’T‘ DPPH f d fic 4 i 50% *rZ kR o

A :

L
3. 3 A

Yo

scavenging activity (%) = [1—(Asi7sc—Asizs) / Asi7c] X 100%
Asprsc P R A LB d
Asi7s - 23k B

Asi7c s M3 3EF RB N4 2 sk B

2) ErA
1. R&E:

3

B

B R4 %< Shietal (1991) 2 22 - B R+ Pl Ly gLy
(Fes[Fe(CN )el3) 224 = £ s dpthk o R A KA i B [ KsFe(CN) 4] B R =

A [K,Fe(CN)g]> % o 22 Fe' A5 # 'gj\—}_f’%ﬁé BlE 700 nm T Z_
Skt kg BRA <) FRREAAFARRS AR o HF BT R
Yo T ol

K;[Fe(CN)¢] + sample > K4Fe(CN)g + sample-oxide
Fe'™ + Ky Fe(CN)g > Fes[Fe(CN)gls

2. RHHI
A0 Tk R AN A AT kY A A AR (25-5410415
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20 ~ 30 mg of dried extract/mL) » P~ 250 uL i g & Sk o 4o~ 1250 1%
K3Fe(CN)g % 125 pL 0.2 M sodium phosphate buffer (pH 6.6) > 3% 50°C -kig #
F s 20 min {8 » i 4 Fr o F 4 125l 2 10% TCA ~ 1250 pL £ 3+
k2 125uL0.1% FeCly » 6H,0 5 2 £325 £ i 10min > 11 A %k B 2-p] 2
H 700 nm 2wk g > I 4 L-ascorbic acid ki3 % ~BHT ¥ B3/ (T 5 &
PB it o F S Bcdy 10k R Vs ODggo g Bl i fFw AR s o i o5t R

Bd ECso(MekiE s 05 “r7 kRBIABRA 2 ECy) o

Q) LagFer
1. Rm:

T4B3EF A & i 4 .47 Boyer and Craig (1987) 2z = ;% o & a3 it

i“ﬁ*%%$%?§§“%iﬂi—’F%Q*i&ﬁ%%i’ﬁ?%@
§ BRI (redoxcycle) £ AL fd 0 H ¢ e R ey e

AiMe BT Y s Fe' EEE RS s § v > @ ferrozine ¥t Fe

o

FEEMZEES A2 AFE A 562 nm AR TG RSBk E
Bk g @i o TplE RS PO s A Ra s OB
£t % 562nm kB s HE BT A AT

Fe*" + ferrozine = ferrozine-Fe” ' complex
(violet)

2. REHA:

LM-Fob FORRP R Y kY > SRS L EER (2545410015
20~30 mg of dried extract/mL) > B~ 400 pL i % & &% > 4c » 40 uL 2 mM
FeCl, « 4H,0 % 1480 uL 2 33 -k > & {¢ £ v » 80 uL 5 mM ferrozine > i
£33 > FE 20 min &> WA KRR EH A 562 nm 2k E o R
EEASR LT RS LBRF LN S 5o EDTA 175 T R 2 e
FoHEAFER v THRET AL RN RBRFES R Syt
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(S ST LR

FE I ECsg T 4or THF AL S0% TR kR

AEA

21
3. 3

Yo

chelating activity (%) = [1—(Asqsc—Ase2s) /Aseac] * 100%
Asgrsc P R A LB e
Asers t thm2 kB

Asgrc t M3 B KB~ 52 sk B

(1) #F tEP2 23807

1 REha:

iz >+ § 4 F H 44 Astawan etal. (1995) 3 % o B2 FiF (LB
PR LA it o Be 50 mg fiF g i FokiEde o 4 w33t 1 mL 0.05 M
sodium phosphate buffer (pH 6.5) ¥ > £ §1* 0.45 um g g > B+ Fik o
£ #2732 » iR ¥ 1L (Sephadex G-25 column, 2.5 % 50 cm) &7 % - & &

o 1A 10 min 1> N B FAP 0 L BT BTN B R AL LIRS

BRSBTS FREUER S 10 mg of dried extract/mL ¥ i& {7 & 435 & & av
FplE T fRE R AR Rt PEERGE R AP RS

B TR R AR R T2 B o R 20 3 § 02 bacitracin (1,423 Da) &2 F i Ap e

GRS L X U

(2) #ug tEEEIR2 BT

24 Qian et al. (2008) 2 % i A wis #c o B h L Fuf AR R A F 10
mg %> 1mL0.1% TFA- £ % 0.45 um Jg " g > B~ ik » B~ 90 uL i1
» HPLC < & (Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm) = 4 {7 if i

ol A R R 33k 5B R 5037 acetonitrile 22 0.1% TFA 5 & 2 B %
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FZE ppao

5~15%/20min R ¥ B 284 HH4piniE 2 1 mL/min> £ #-c& 3
A HRAPLFiICE THRELAPRYER S 0.5 mgof dried extract/mL
FI* ELISA s B i {7 488+ A & # B2 B feBd ddiyg L E ML

PROWEIE TR PR 2 MR B P SR o

()  FF BRI MRAR R S FET
Bd EiF CERREL Y RNFE S FEREY o i G sy

P (738 B & [Matrix-assisted laser desorption / ionization time of flight
mass spectrometer, MALDI TOF / TOF (Bruker Daltonics,UltraFlex I1I)] # = %%
P2 R LB 5 o
A 1

ion source : maldi

m/z range - 200 ~ 4000

sequence analysis : bruker biotool software 3.2

() BEL¥H

P AR = £ BT mean+SD A W o4E* SPSS MR E ks
PO TE B3 R R e AT I B N R R (Duncany s multiple range
test) 2Rl F L 2Bz £8 5% p<005 273 BEELE -
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- AL AH
%4 AOAC (1995) = i » #f7 o £ F 4r 1 Bl A & fa— 2 A A 47
DR S A e Ry sz Ak AR [ 4-1)c @A &P
NABA S RS BP g b 2826% 0 kA SR 4 68.96% 0 A%

T & 1.42% ~ e fgind 2.18% o

= s kiR

AR KA F AL ER AL BAFEA A 2 A LR AW
5 AM v PA > H 2B R R AN S 37C 2 25C frdif pH & 7.5 2
62> iEETE B 1 ~6hr {8 pl%H DH 2% [®4-1]°-DH %7+
Rl 2SS 7 ok fapr ol R apspie il § WA gz 200 @ o 1Y
L-leucine % ¥ %o # g @B Ed & [H 3-1] # 5 W54 pa; €
R FENAT FKfERFRF T 2 DHe # 3R Lleucine kA 4 mM 11T 22
% (ODuyp) ¥ Z &AM % (R°=0.996) & * EAFF 5 0~4mM -
prebo g ok fRiE R - T oDH MEF KRR S Sed B Aeo Aok 2 O~ 1 hr B
7% AM & PA Jo ¥-kj#$ »DH Rl ¥ 2484 (p<0.05)- ¥
2 1hr preripl® DH & 8] 5 1335% v 12.71% - % AM 306 T okjad o
kfz 6 hr ¥ - DH % 29.93% ; PA %0 J-kj#d 4-kf3F 5 1 ~5hr 42
" oDH PlaEFESM 0 k2 5Shr pFoDH 3 1530% ° f (S kfapr @y
#4cp) DH $8%1+2 >3 6hr P2 DH 3 18.43% (p <0.05)

Flp o AR A B - HEFm AL R el B A SS9 foRfERS
oo FokfRP A7 B R T EE LB .
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% 4-1 Ao EP 1 RAEFZ - HSLLH
Table 4-1 The proximate compositions of tuna dark muscle by-product.

Compositions Content (%)*
Crude protein 28.26 = 1.51
Crude fat 2.18 £ 0.55
Ash 1.42 +0.16
Moisture 68.96 + 0.81

 All values are means =+ standard deviation of data from triplicate.
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? —o0— PA
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=
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OC’ T T T T T 1
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Hydrolysis time (hr)

W 41 G tplfASER0pF (AM-~PA) -kfzis2 -kjzR 1
Figure 4-1 Changes in degree of hydrolysis of tuna dark muscle by-product
hydrolyzed by proteases (AM -~ PA).

1. Tuna dark muscle by-product were hydrolyzed with AM (37°C; pH 7.5) and PA (25°C ; pH6.2) for 1 ~
6 hr.
2. Values are means * standard deviation of three replicate analyses.
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v B AR FokfRF L tERA

B fRET ARG FOKfRP L RF BN AP AR RRBRERT
1AM 2 PA -0 fkfai o ie- 40 DPPH B d it 4 B R4
LA e SR Utk FHEWERT 3 TREFaRy R
2_Ap B 4% > & w2 L-ascorbic acid ~ BHT ~ EDTA 5 it $ /& e o 7 Sk Hicdp 204

1

(=) #'% DPPH fd A4

AA AT AM & PA A iy fFiei7oki2 1 ~6hro Bl ok jR
PER T i 4 30 fTk fR4 % DPPH A d Ahitd B % M7 hok R
AM 2 PA 3-i Jokjate 2t DPPH pd Fhiat 4 Rl STk & 5 e @ 3 e
(0 ~ 60 mg of dried extract /mL) [®] 4-2 % B 4-3) > % )k & iE 60 mg of dried
extract/mL F¥F > ":FL% DPPH p d #a # FE T0% b e ig- Ao A fl“%”ﬁ“z’
Rk REBEREN L BKIEFRT 9 ECs f'v;%'*,f 50% ¢ DPPH p o % it
4oer @k B[4 4-2) o M AkfE 1 ~6hr G2 if% DPPH pd #
4 kR 3hr 1 AM Rt FKfRF T O E FOCE 6 OKEREE T chds
kf2d (p<0.05)> 2 ECso 2 17.13 mgofdried extract/mL « ¥ #} » 4 k2 1 ~
3 hr 42¢ 0 PA F-i [Tk fR¥dniitk DPPH fid fhii 4 RlANF AL
(p>0.05) » e EF KRR (2~ 6 hr) B4 o FRMFRA 4 §EHTH (ECy
1532 % 3 32.96 mg of dried extract/mL)~ v 548 k 5 » B Aok 2 2 hr
4 PA Foi Jokfad £ f it enifrp DPPH A d fhii 4 > 8 ECy 5 1532
mg of dried extract/mL - ~F %2 BHT T3 ¥t [B44) » &% %71
BHT & 125 mM (0275 mg/mL) ik & ¥ #23'% DPPH A d &t 4 & 1M
% (R*=0992)> ¥ ¥R B 1.25 mM B4+ T 4> SN U S
90.10% (ECso = 0.18 mg/mL) °

46



% 42 @A ¥ Fokirty i%—'ﬁ% DPPH p ¢ &t # 2 ECs
Table 4-2 ECs, of DPPH radical scavenging activity of protein hydrolysates derived from tuna dark muscle

by-product.

AM PA
HydrolySiS
time ECs . 2 ECs . 2
E R E tion, R
(mg dried of extract /mL) quation, (mg dried of extract /mL) quation
1 23.71+£2.36" y = 1.971x + 3.265, 0.975 17.69 £1.25* y =2.792x + 0.601, 0.994
2 24.40 £ 1.65" y = 1.963x + 2.084, 0.984 15.32 +1.36" y = 3.148x + 1.780, 0.992
3 17.13 +1.13* y =2.912x + 0.107, 0.997 16.81 £0.51° y =2.891x + 1.390, 0.990
4 24.08 +3.23" y = 1.978x + 2.355, 0.981 23.42+0.57" y = 1.937x + 4.627, 0.963
5 24.31+2.82" y =1.954x + 2.479, 0.983 25.94+1.83" y = 1.798x + 2.683, 0.971
6 25.93 +2.94" y = 1.875x + 1.364, 0.985 32.96 +£2.56 ¢ y = 1.492x + 0.810, 0.984
BHT 0.180 + 0.005 y =277.2x - 0.748, 0.992
1. **Values with different superscript letters in the same column are significantly different (p<0.05).
2. *ECs, means the effective concentration of protein hydrolysates providing 50% DPPH radical scavenging activity.
3. All values are means =+ standard deviation of data from triplicate.
4.  Regression equations were obtained from linear region of AM and PA protein hydrolysates.
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W42 AM 39 Fokfas &7 FRRT 2% DPPH f o fitd
Figure 4-2 DPPH radical scavenging activities of AM protein hydrolysates

at various concentrations.
1. Values are means + standard deviation of three replicate analyses.
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DPPH radical scavenging activity (%)
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Figure 4-3 DPPH radical scavenging activities of PA protein hydrolysates at
various concentrations.

1.

Values are means + standard deviation of three replicate analyses.
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Figure 4-4 DPPH radical scavenging activies of BHT at vaurious

concentrations.
1. Values are means + standard deviation of three replicate analyses.
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(=) TdEIFERA

AR %Al AM 2 PA A fE%-v fF&(7T 1 ~6 hr -KfE BT A Fkiz
PR T A D FoRfE L TS AL [£43] 0 BERET 0 Ak
i 3hr ch AM i Bokfad T A E R A 6OKERER T L v kR
H ECso 5 4.91 mg of dried extract/mL (p<0.05) o % K fERF A% X > £ & i 4
PG T B E > ok fE Ghr 0 AM Bes FOKFRFAE S 4 53 o g
1 ECsg % 7.21 mg of dried extract/mL © PA 3-¢ B -KfZ$ 1 kKfE 2 hr pFen
HELMEF A EFFE L LR T ke ;ﬁ«ﬁ;% (p<0.05) # EC
so0 & 5.95 mgofdried extract/mL - & 4pfF K fZPFREF T > 2 % AM & PA -
vOEOKER 2 BT E A g FEAN e Epr A o B R Tk
f2 1 4o 3 hr <7 AM % -Kf% 2 hr 9 PA 3¢ F K24 k& 323 10 mg of
dried extractmL ™M F ; m-KjfE 2 fvr 4 ~6 hr 7 AM % KjZ | fo 3 ~6 hr
7 PA F-v FokfER$ H kR > 15 mg of dried extract/mL 17 T &2 483+ A
L RAMM G P APABTTE LB N R T E 9%
[ B4-5 % Bl4-6]

yebo A% EDTA iv5 0 % e [®B4-7) > &% E> 0.25mM
(0.093 mg/mL) EDTA kB T 82 L id 3 # 4 i 4 & 54H % (R°=0.9951) -
T EERF 025mM (0.093 mgmL) f5 v AL 4 R R R4 o B AL
4 % 99.06% (ECsy=0.05 mg/mL) ©
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Table 4-3 ECj;, of metal ion chelating activity of protein hydrolysates derived from tuna dark muscle by-product.

AM PA
Hydrolysis
time ECso ) ECs 2
E ion, R E tion, R
(mg dried of extract /mL) quation, (mg dried of extract /mL) quation
1 5.66 + 0.36 " y = 8.567x + 1.499, 0.996 6.78 + 0.46 y =7.572x - 1.342, 0.997
2 5.98 +0.40 " y =7.705x + 3.869, 0.982 595+0.20" y =8.276x - 0.701, 0.999
3 491 +0.18" y =9.751x + 2.087, 0.991 8.79 + 0.68 y =5.869x - 1.580, 0.995
4 6.68 +£0.22 ™ y =7.158x + 2.177, 0.995 8.14 + 0.64 < y = 6.340x - 1.639, 0.996
5 7.13 +0.61 € y =6.712x + 2.138, 0.994 7.89+0.21°¢ y = 6.615x - 2.161, 0.994
6 7.21 £0.53°¢ y = 6.839x + 0.670, 0.999 9.33 + (.28 ¢ y =5.550x - 1.776, 0.998
EDTA 0.050 + 0.001 y =401.9x - 0.005, 0.995

1. *®Values with different superscript letters in the same column are significantly different (p<0.05).

2. *ECs means the effective concentration of protein hydrolysates providing 50% metal ion chelating activity.

3. All values are means =+ standard deviation of data from triplicate.

4.  Regression equations were obtained from linear region of AM and PA protein hydrolysates.
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Figure 4-5 Metal ion chelating activity of AM protein hydrolysates at

various concentrations.
1. Values are means + standard deviation of three replicate analyses.
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Figure 4-6 Metal ion chelating activity of PA protein hydrolysates at various

concentrations.

1. Values are means + standard deviation of three replicate analyses.
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Figure 4-7 Metal ion chelating activity of EDTA at various concentrations.
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(=) #RA

f1* AM ¥ PA & fE3-% fFi2(7 1 ~6 hr K2 » Pl b KRR 3
v R kR 2B R4 [£44) c gk BEARB R A TR RS AR PR
Ppot ECso (X% ik 05 #1F avkR) TR R RHF > AM 5 Fokjs
PBRRA GUEREPFR s § R B 0 2 ECso #4590 % 3
9.54 mg of dried extract/mL > ¥ * r-kf% 1 v 2hr BgF B> 5~6hr 2 3-v
ok izt (p<0.05): PA 3-v F-KjEF Kz 2 o 4~Shr 2 FH B R4 3
Wokig Thre @ st} REFFP LR » B ER K12 3 40 6 hr 2 v
Fokjas (p<0.05) - tetpbe KPR T > "X kR (0 ~ 30 mg of dried
extractmL) + =2 B R+ - &P M4 [B4-8 2 Bl4-9]-% AM {r PA 3
v FokfEse k& iE 10 mg of dried extract/mL > ¢t FF o B R 4 sk @3V iE 0.5
11 F oo kR iE 30 mgofdried extract/mL 2 F > B € F iUk A 4 o F iRl
B R4 P E* kAR 2 30 mgof dried extract/mL M T Z Ao ¥ b A
F B . Lascorbic acid ~ BHT ¥ 5 & e [®4-10] - % % &1 L-ascorbic
acid fv BHT JE& 4 % & 0.5 mM (0.088 mg/mL) f= 1.25mM (0.28 mg/mL)
TR A% (R=0993 2 0.972) F ek EiE 1.609 2 1.432 (ECs, A %

% 003 2 0.07 mg/mL) -

Rl

Wb RriE s A BRI A RS 0 PERRE T A2 R

e

% {751 feim 4 Lascorbic acid ~ BHT » EDTA »t% #ix - AM 3 PA 3-v
frokpaamuliokfE 3hr 4o 2hr ¥ 55 Sty DPPH pod At 4 Ae
TR+ AEEN* JAM 39 FoRfEfF2 B R4 ok fE 1 ~3hr sek it
PA 3= FOKfE$RICOKEE 1 22 ~4 fo Shr sek it o HRA % AM 3
v BoKfEP 2 PA v HoKfER$ ok fE 3hr v 2hr (AMH 2 PAH) % 2
FALE LR T ARG - BRI A Y kiR gy 1
Bl A RPIE*Y AMH ™2 PAH vt § 7§ % 7 £ 2 Sephadex G-25

W H T R E s+ B R 0 R F L 4 RP-HPLC w3 v > v dp i 45 3l
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% 44 mAF9 FoRfzFERA4 2 ECs

Table 4-4 ECj;, of reducing power of protein hydrolysates derived from tuna dark muscle by-product.

Hydrolysis AM ________________________________________________________________________ PA ___________________________________
time EC50 . 2 EC50 . 2
(mg dried of extract /mL) Equation, R (mg dried of extract /mL) Equation, R
1 5.90+0.27* y = 0.080x + 0.028, 0.993 7.80 £ 0.47 y = 0.059x + 0.040, 0.996
2 6.84 £ 038 y = 0.070x + 0.021, 0.995 7.75+£0.62 * y = 0.059x + 0.043, 0.996
3 7.37+0.93 ™ y = 0.065x + 0.021, 0.995 8.07+£0.20" y = 0.058x + 0.032, 0.998
4 9.07 + 1.88 ™ y = 0.052x + 0.028, 0.995 7.68+0.19 * y = 0.060x + 0.039, 0.996
5 9.20+1.53°¢ y = 0.052x + 0.031, 0.994 7.44 +£0.31° y =0.061x + 0.046, 0.995
6 9.54+1.30°¢ y =0.050x + 0.023, 0.997 8.25+0.16" y = 0.057x + 0.030, 0.997
L-ascorbic 0.030 = 0.001 y =16.01x +0.032, 0.993
acid
BHT 0.070 + 0.004 y = 6.360x + 0.082, 0.972

*Values with different superscript letters in the same column are significantly different (»<0.05).
*ECso means the effective concentration of protein hydrolysates providing 50% reducing power.
All values are means + standard deviation of data from triplicate.

Regression equations were obtained from linear region of AM and PA protein hydrolysates.

el S
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Figure 4-8 Reducing power of AM protein hydrolysates at various

1.

concentrations.

Values are means + standard deviation of three replicate analyses.
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Figure 4-9 Reducing power of PA protein hydrolysates at various

1.

concentrations.

Values are means + standard deviation of three replicate analyses.
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concentrations.
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T~ @mE Y POk L RES TS Lo HiR L E
(-) RBER
(1) AMH

AMH ‘S mA s v A9 4 B %A (AMHI ~AMH4) [ B 4-11
B)’ 4 =] ¥_ AMHI (No. 12 ~ 22)~ AMH2 (No. 23 ~ 35)~ AMH3 (No. 36 ~ 41) -
AMH4 (No. 42 ~ 68) » A %|# AMHI ~AMH4 & % Sz § ~ 2 iz is » %
BETHE R A2 TSI FELS (ERHBBEIT 10 mg of dried
extract/mL) [ B 4-11A) # & & 2 % & 74.73%~76.34%~72.87% 1 % 72.79% >
A RUFRERFELELIE (p>0.05) 0 Mg kY AMH2 48
BFFELENS Z R R AFHRMNE L FLAPL RLE-H TS G

(2) PAH

PAH ‘'R mA drisv 241 5 B %A~ 4 (PAHL ~PAH5) [® 4-12B) >
/] PAH1 (No. 11 ~ 15) ~ PAH2 (No.16 ~ 28) ~ PAH3 (No. 29 ~ 35) ~ PAH4
(N0.36 ~ 42) ~ PAH5 (No. 43 ~ 60) » A %]# PAH1 ~PAHS 5 % %z & ~ 2 ik

e TRITHERASOLBE T EEN A (EREAKFLT 10 mg of
dried extract/mL) [ B 4-12A)- H & B %% 5 92.40%~79.43%~81.73%~88.92%
WA T77.92% - H P u PAHI chf 4883 & A BEZ W E B AP (p <
0.05)> 2=t % PAH4 - £ 3P| 5 PAH2-

d Bk faes fmh by FoREr SRBERETEDR ST ET
LTI LN 2 AFE YA 1423 Da M T 5 HP 2 0 AMH2
PAHI L4833+ A & a4 G Bt o Fot > P d o EF 1 BIA KT ¥ it
L3 4y CF MO R %’T » FEF L B AMH2 4e PAHI {7 ¢

B chh L e
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Figure 4-11 Metal ion chelating activity (A) and elution profile (B) of AMH
separated with gel filtration chromatography on Sephadex G-25.

1.  Bars represent standard deviations from triplicate determinations.

2. Different letters on the bars of AMH indicate significant differences (p<0.05).

3. The column (2.5 x 50 cm) was equilibrated and eluted with 0.05 M, pH 6.5 phosphate buffer, at a
flow rate of 42 mL/hr. Each fraction (10 mg of dried extract/mL) was used to determine the metal ion
chelating activities.
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Figure 4-12 Metal ion chelating activity (A) and elution profile (B) of PAH
separated with gel filtration chromatography on Sephadex G-25.
1. Bars represent standard deviations from triplicate determinations.
2. Different letters on the bars of PAH indicate the significant differences (p < 0.05).
3. The column (2.5 x 50 cm) was equilibrated and eluted with 0.05 M, pH 6.5 phosphate buffer, at a

flow rate of 42 mL/hr. Each fraction (10 mg of dried extract/mL) was used to determine the metal ion
chelating activities.
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(Z) it iR dn k49 ik
(1) AMH2

AW w2 BA P AMH2 5% »Ti ik #g/éﬂkfr,z T BTSSR
pl¥ 53 AMH2 # 83 6 BAa% [® 4-13B) » %%+ 5 AMH2a ~
AMH2f > 55 0 fe b~ 6 e e i 0 BRI R & % & TR AE S A £ 0

CERHB KT 0.5 mg of dried extract/mL) [B 4-13A)> H &% &5 & %] 5

“m\H

12.08% ~ 12.05% ~ 13.36% ~ 13.49% ~ 18.89% 141 % 12.89% > 2 ¥ AMH2e

LTI ELn A EERWEE RFAY (p<0.05)-

(2) PAH1
B % A 4 PAHL 8 scit i Ap R 702 £ =0 4 Bt o JERIEER
754 PAHL ¥ @3 3 B [H4-14B)> » %47 5 PAHla~PAHIc
S AR TRITHEFAFOLBEFIEEN Y (BRI
BAE I 0.5 mgofdried extract/mL) [ B 4-14 A} H &% & B & 59 5 19.33% ~
14.4% 112 112% > 2 ¢ PAHla PL4Bats fre i+ HE a0 6 3 A b
(» <0.05) -
Bfé o BRI FENA BE5 AMH2e 2 PAHla i#31 ¥ UFE%
AEFERBFETE S VB AR A 5
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Figure 4-13 Metal ion chelating activity (A) and RP- HPLC elution patterns
(B) of AMH2 purified by RP-HPLC.

1.  Bars represent standard deviations from triplicate determinations.

2. Different letters on the bars of AMH2 indicate the significant differences (p <0.05).

3. It was applied to a RP-C18 colume (4.6 x 250 mm) equilibrated with deionized water and eluted with
a linear gradient of acetonitrile (5 ~ 15%) in 0.1% TFA at a flow rate of ImL/min. Each fraction (0.5 mg of
dried extract/mL) was used to determine the metal ion chelating activities.
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Figure 4-14 Metal ion chelating activity (A) and RP- HPLC elution patterns
(B) of PAH1 purified by RP-HPLC.

1.  Bars represent standard deviations from triplicate determinations.

2. Different letters on the bars of PAH1 indicate the significant differences (p<0.05).

3. It was applied to a RP-C18 colume (4.6 x 250 mm) equilibrated with deionized water and eluted with
a linear gradient of acetonitrile (5 ~ 15%) in 0.1% TFA at a flow rate of ImL/min. Each fraction (0.5 mg of
dried extract/mL) was used to determine the metal ion chelating activities.
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T~ fF ERAIRS ER
Ml B ool AP K 4704 A 30 v AMH2e ¢ PAHla ™ MALDI
TOF/TOF ## H B if4ng tiaiidrsz weflfim sz 2+ & [4 4-5] v
Denovo 5 7B [B 4-15 %2 B 4-16) > H & & 4T
AMH2e %2 PAHla ~ %7 8 1 2 2 B4 PR2 MR 7)o
a. AMH2e . Arg-Pro-Pro-Arg- Arg (681.5 Da) °
b. PAHla : Asp-Thr-His-His-Arg-Arg-Lys-Pro (1,046.6 Da) -
His-Met-Leu-His-Lys-His-Met-Leu-Leu-His (1,296.8 Da) °
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% 4-5 ;Jﬁ‘ MALDI TOF/TOF #3%_ AMH22e % PAHla *+*x2 "&i i & 5|
i3 g
Table 4-5 Identification of molecular mass and amino acid squences of
AMH2e and PAH1a by MALDI TOF/TOF.

No. Sequences Mw
AMH2e Arg-Pro-Pro-Arg-Arg 681.5 Da
PAH1a Asp-Thr-His-His-Arg-Arg-Lys-Pro 1,046.6 Da

His-Met-Leu-His-Lys-His-Met-Leu-Leu-His 1,296.8 Da
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Figure 4-15 De novo sequencing of AMH2e.

1. MS/MS experiments were performed on MALDI TOF/TOF mass spectrometer.. Sequencing of
activie peptide was acquired over the m/z range 200 ~ 4,000 and sequenced by using the bruker biotool
software 3.2 analysis.
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Figure 4-16 De novo sequencing of PAH1a.

1. MS/MS experiments were performed on MALDI TOF/TOF mass spectrometer.. Sequencing of
activie peptide was acquired over the m/z range 200 ~ 4,000 and sequenced by using the bruker biotool
software 3.2 analysis.
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Figure 4-16 De novo sequencing of PAH1a.

1.  MS/MS experiments were performed on MALDI TOF/TOF mass spectrometer. Sequencing of activie
peptide was acquired over the m/z range 200 ~ 4,000 and sequenced by using the bruker biotool software
3.2 analysis
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CEE BT

$1%  HH
-~ o WA

R R S AR SRR S Sk S
b m kA 733% 5 feF-e 24.3% 5 2 Fa ik 0.5% 5 A 1.4% (3xE 0 1991) o
AR BB E b B R A L RUTE B RR P o - K
AAv 1§ Kipi g *}‘rﬁﬁg\ EABEr gk L fl* (Choudhury and
Bublitz, 1996)> e v # § £ & 5 47y & § € 4039 B (Qian et al.,2007)
BAFHRAET RS APM i e R F R A e 28.26% 0 H & 04 LTl Rev
B3 ¥ B39 B (Kendrew etal., 1960) o ® 27— i g v B Aprt 27 5 Biop
gt EF 1 RASET BRY B TE RN 0 - BOERS

v R AAIEYRS 5§ Fen T Rev ok 2

(8§ Ly TR I (Margare etal., 1997) » £ 30 = godn &) i g 2 E %
r4 protease XXIII -Kf%12 2 @t 12 papain -R 2T 2 39 F R 7 & 2 R
g engLy 14 B 4P (Jao et al., 2002; Kim et al., 2009) o %]t 24 i 2 %gﬁ E
T2 BHROE AR AL EF vl BA S FAELE T R TP R
S 5;1'*1&‘& DR de SR & Aol BIF R S - B £ i BB 4e 1 Bl A

A~

500 Bk B A T

RIS Y

2l

GRY S T R ERPI R BN RIFEAATR F R
B E R 4 (Qian et al, 2008) 0 qr AR B ok R A B OB-ROLEF
85 0 P o2 g %% Sikorski and Naczk (1981) &0 j2 i e - % Bt >
Frdh AF o1 BlASEBEEM s BA_2.18 %53 091% @ Ay
FETEAF AN ZE B A RN B AR B SRF0(E 0 AP CHAl e T o
%ﬂ&g%?%@ﬁﬂ%ﬁ‘mﬁﬁﬁﬁﬁeﬁ,jz%&%if R
dpd o ek A ERY GWAH L AR S RERAEABRER - 30
?éiﬁﬁ”ﬁﬁﬂﬁ%’ﬁf%%%*%ﬂEUAﬁﬁﬁ%@T%
(Klompong et al., 2007) - ¥ ¢ EERN ) N B A R A B £
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£1% 3k

5 %« 2 F-v freni®*  (Hoyle and Merritt, 1994) -
AR ERRATEACE E kB2 F R k2 gining 1 F A DH R

A1 R g £ I BIAS S R

= KRR B2

B RO OFL RO pier g ¥ RA AR 30 "7 (proteose) v F-6 A
(peptone) ~ peptides » & {& & f& = P53l fi (Adler-Nissen, 1986) - 5 DH 4%
B R OTIEIREEAR T TP AR S > G S M A T B 2080k & i&{gﬁ,%%’r
2 F0 FHKEAE S 0%:a =2 kjEz 35 FH DH & 100% (&> 1997) -
AP EHEAIT AM M Z PA 2 BE EFO R AN Ak T FET K

4

KRR s AR 41l BlA S 2 DH 47 AE57 ok 2P T -2 %
pFHE IR AL 7 B Rk pi 7 £ 2 B o AFgR A R 1 L-leucine ¥ 5
K FRARR hdn e B R B AR REARY o AL S 1 BlA Sk fE Lhr
PO R P o LRI FIRFERIF AR > AFTRA R o T G BRI -
B 5o i kiR IR (3R 0 1977) 0 ¥ 5 A3 450 o Sliver carp 4 p 1
alcalase {r flavourzyme -Kj%> 5% % &7 30 K2 - B4sm 1Smin F BE P
1S P48 % (Dong et al., 2008) o ¥ ¢b > 22 g gm e F ORI 7 R
Frg At (E/S=0.1~1.5%) *kfF 4hro st % 3 -k jaR < § SEK 2P 3
e AR 0 om o Rf2IEY 3 50 min (R fEARR 5 B (Guerard et al., 2002) >
AFmRE P EEPE

MUK FRPEE R 4 0 DH g 3Eibra e > A moTA 4 g dpm s £4
2 H Ao lgd RfERPE G0 FORJEA DR NGRS KA Fv R 2 kiR o
th (1999) dp g f 30 Tl ded pokjats > B PRliRi iz 4F ¢ A g £
PR Ao AR R 0 X H B AT B AR IR A > BT §ORRRER M 4 0 F
0pEiT £ R AT 2 Fev *fgr/,,\ﬁ;’gww’»\;\g B F sy sl B o

Foobo %P FIRAY PA RfEfm o S p 4o SR Ak fE 2 ~
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¥I% B

Shr iE4#2¢ DH mAEF% > A-kfE S5~6hr B3 ¥ 2 adf$ - Jaip)
AL R Y PRt AR IE R TR o Tt ok jRiEEY AE pH B A2
TR AL RV ERKER Y D 2R F] e @7 4 F &R protease XXIII
(A-O) &% 6hr(E/S=1:25v/v)> #+ip| @4 DH 5 32.5% (4% 2002)°  * >
B B ARl o0 Bk fRET A s LB 21 BAS 6hro B DH 3 29.93% o
Lodev BEAfER0 FPF o DH € % bov fefhlf ~ fe S Tek B - S A S
G s FRiET 2 B R Z pH 2 (55 0 1977) -

=~ B g 39 Fokiad 2 Lk dcd
(=) % DPPH f d At

ROS gig=Hp A2~ d Aieam GI Mwe > BEFAFAEL AR
Flgt oo M pd AA 2B ROS end & ¥ UG R OB R E 2
(Halliwell and Gutteridge, 1989) = "3 B . p ¥ f* cruffe? € 22 pd A g =
PR ERRT ¥ Rengig LAy ¥ 4 DPPH * 13T dE fL;}-;,%‘%’E} BEf %
/ﬁ“"f”q Ty t9pd A& s CdgF B2 24 (Jinand Chen,
1998) - A 2% - i@ * DPPH A d A5 pd A Kk Bein g 3y Fokjas 2
“’T‘E d a4 Rl HE R F IR R Ly f DPPH p d A4 5 AMH %
PAH # ECsy 4~ %] 2 17.3 2 15.32 mg of dried extract/mL o ¥ 3 # 7 12 ¥
Fr-ppl R A g E SR F M DPPH fod Aa 4 g kA H e
Fo e YRR 120 mgmL RIS S R R e SRR
® 5 59% (Wuetal., 2005) o ¥2 &3 2% 40 Fr &k & (60 mg of dried extract/mL)

FIRART 0 AM & PA Fod [Tk T 4 70% r2 ) s DPPH §

AoOPREIIHEIERS (9 35%) &iT Mmh by FoREyF e v B
B R A ¢ L f o AR -

L-ascorbic acid ~ BHT % 3 & F %t R 2> %% % 3 BHT 2 9 53

kR SmM (LI mgml) T S 24 ARE B auEgi ¢ (90.10%) 0 3 7
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¥I% B

BHT z 4+ & %423 v % H %pd 3 (Bondetetal,1997) [H5-1] >
TREEAZ TP A F o RUEEYTFF ek o 828 BHT ¥ § 2%
FRR D A A g R A1 E AR CHT R A R 2
(Branen,1975) » s A3 EE 2 d > B4 —‘Fm BL & Renpg L BN o § b
# I L-ascorbic acid 2 [/ 7% 18 5 P > Pl 2 B ECsoo B8 W3
12.42 % (15 pg/mL) (Fcp A B )ow = Jtdp 1> ascorbic acid ER S 40uM
(7.04 mg/mL) B*- 4Bk DPPH f d it 4 695 45 % (Sheih etal., 2009);
Lee et al. (2008) 12 ascorbic acid ¥ 5 #fE+ & -0 'FF“-",/TT DPPH p o it 4
SR H R B BB A W) 24.0% (Img/mL)e d 11 RS &
/% 15 pl 4 L-ascorbic acid 2. ECso> #c 48Rl 15 DPPH & - fi'= A p d &>
W Pqi% 1+ @ L-ascorbic acid & - #&-kia M4ez & P73 % & DPPH & 4

fer 15 (+ > 2009) -
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Figure 5-1 Proposed mechanism for BHT/DPPH e reaction.
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BN Bed FEAE £ 0 R ROS A4 (Sakar, 1987) o & & % A7 -
SEPERRSTA L 2 A R0 KRR LB B4 > kR 2 hr
7 AM fv 3 hr 7 PA F-v FokfEs Sockdid > 2 ECs) A % 5 491 Fr
5.19 mg of dried extract/mL ° % % ngk%p'fr B A A A ke HoRfRS T

e Fg g ib o TR A A A B dg O AL pL 2 pl4d s Bl B Rl
enjk B B s Fe¥' ch% 44 (Dongetal,2008)c %@ » 4% AM 2 PA
F-0 FoRfRFER 5 20 mgof dried extract/mL P¥> B 4R34+ A & i 4 BT

BiEF] 97% b oo %‘fﬂz#a%—sliver carp & f f1* alcalase k% > ® %R
HE@EFFen A o A3 ke FRfgh L it af s

92.7 % (5 mg/mL) (Dong et al.,, 2007) > d $* ¥ L » fF g o £ B 4c1 Bl A 505 &
UERRfREIST A ARG R P B At Al o T oy T B AR

hg A £ A -

(=) BRA
BRA4 - AREESRET IR P RARS F hin 4 o Lk

700 nm TRz Bk EAXRF Pl A B R 4 4%F (Oyaizu, 1986) 0 ¥ ¥ iFiiE
SRR - o d A pedn o g By TR IES G protease N ok fE 0
~25hro BEFREBRA KRR e n Epr 2 (k5 K038
+ =3 0.65) (Wuetal, 2003) > &+ 5 #7 % 45 41 > 14 yellow stripe trevally &
AL * alcalase -kfZ - BlH &7 F DHG~154025%) T+ > S5 %
TARfEARE Y B R A 4 5 BT R AR (R B 0.56 21 0.42)
(Klompong et al., 2007); ¥ ¢t~ 5 12 alkaline-aided channel catfish § % 12
protamex ‘KfE > Ay FRB RS L UK ERFF R en T F (R R EH033
*# 2 0.17) (Theodore et al., 2008) - @ * R % % % ¥ > AM F—v F-kfzd &
Ja# 2 ECsyp € SL-KfEPFR M 4em &brT % (ECso #4590 1 9.54 mg of

dried extract/mL)> £2 {5 2 —f;,z s Rk Ap e Ay Bor B Rk (reductones) 4r
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1% %

ascorbic acid ¥ E &2 iFF it FHEZ A am Ry T 3 IEF pd A4 S
(Shimada et al., 1992) - § % % % L-ascorbic acid #.Jk & 0.03 mM (0.088
mg/mL) TRIELF AR R4 o B Rk E S 1.609 0 2 AR K B R
A e o AR AR 3 TRE BB A D kRSP T -8
FRF e RET %D Aa P4y 2% (Murase etal, 1993) -

FEM btk o AM 2 PA Fv FoRfEP R R LS EN A By
% DPPH A ¢ it 2 BR4 8¢ x Au|rikfz 3 4o 2hrAM % PA 3+
R REF B S dE LR d BT R d B9 KRR T IR - s
Sy it o A Apd o iy EMAR ¢ E R D RS K
fRR S VRARL S o 2 k2 MR R B X B2 (Kim et al., 2001; Wu et al.,
2003) A F AT Y 2 AE L FG pF (AM 2 PA) H A E (vr =% 5ok
Py ez C =9irist (Loffler, 1986) » 4o -k {0k i 40 7 11 H 4c fo
?é’yé“ﬁj?%ﬁzfi’JJf{Eﬁaﬁ QUEAS N £ AR ER W B L C 8- B
1 T|4F v oc%k (Mendis et al., 2005) © ¥ ‘b > AR F IR A R0 oK
f3d 2 TAB3F AL w4 BB -] ¥ 6 mg of dried extract/mL T ¥ % 3|
ECso> B R 4 JER &3 8 mg of dried extract/mL =¥ i£ 3| ECs ° ,;*-VT‘
DPPH p o fat 4 Bl Z EE | > 18 mg of dried extract/mL 4 ¥ i& ¥ ECs »
2T o AT A SN A TR RRERN o FHRSIERARMA LIy
AR o AT A AT 2T o S F K PE Y RF L FE A AMH 2
PAH fug— o) e it 28 » & 0 488 A8 v 4 17 5 g B ik o

d AR REEFIR DH &g F T &~ < ApkiE 5 24k DH
Lan g 2 jg%#;] a1 2 flavourzyme K f% sliver carp @ ¢ 0~ 6 hr > 3% %R
i g% DH @ iE#rt 2 (Dong et al., 2008) ; Jun et al. (2004) #-
yellowfin sole 4] * mackerel intestine crude enzyme (MICE) ~ alcalase -
chymotrypsin ~ papain ~ pepsin ~ pronase E % % & }-v fis K j2{s ¥ p|< 2 DH >
SEHTERBEERM2Z DH A5 5 67%MICE) 2 22% (pepsin) > & ip| H %
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Fig it El o B R BT pepsin KfEP L G B ESr L e paiE S R
(70%) > & P+ B f i DH T “iathi i o x4 #rik» £ stz P DH
By b E - TR

w%y%é}n?ﬁﬁ#’ %Iﬁﬂlgdé\$@4ua AR B
Eag A we kg kR (0~30 mgofdried extract/mL) % i 4p & o & Sheih et
wxmw)éﬁaﬁm’ﬁﬁﬁﬁﬁmﬁ%&%%IWHJéé%ﬁ4(WGO
uM) & ABTS™ pd % (0~ 60 uM) » €5Ek B e m &2 Fig 51
S E L TS

B AR RS RE L AR MR
(-) ®BER2

FORBRE A AR LI LG ATk o B TRA TR
Fo A 2 S iE (Vink, 1970) o AR B A1 23 2 L A RF A A B9 TR
fa2 A3 2R AMH 2 PAH (S48 7 40 4 B 5 BRAF %

Bid Fv fEIER BT LG xR FokfEA ek, A3 R4 58

-

1423 Da 17T o bR RS G S RE R FO FoRER R 4
APPSR H A3 F A 4 0 - i E 500~ 1,800 Da 4ot B X gk g P YK 2
¥ (880 Da 4= 1,242 Da) (Mendis et al., 2005) ; /# @ -k f24 (928 Da)
(Ranathunga et al., 2006) ; yellow stripe trevally -KjZ4= (656 Da fr 617 Da)
(Klompong et al., 2009) ; /& -k # & -k 34 (1,076 Da 4= 1,033 Da) (Byun et al.,
2009) ; 4P B F-0 K24 (1,487 Da) (Qian et al, 2008) # - pfig it
PR 6% A8 g5 prdl L i ¥ 1 7E Y Sy DPPH poo i o
?“"f;‘a%ﬁﬁdé‘“imiﬁ fbie 4 ~ TS FEN S B o TEG S ?‘/,?J%«‘h%
Ao 41 * pepsin -k f# 40 hoki F 7 3-9 -k f24 (Hoki fame protein
hydrolysate; HPH) » £ % UF 2 {7 423 4 BHRAF > » 85 HPHI(S~
10 kDa) ~ HPH II (3 ~ 5 kDa) ~ HPH I (1 ~ 3 kDa) ~ HPH IV (<1kDa) » i 4 45
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1%

Fui it EM o g m HPH I (1 ~ 3 kDa) ¥ 7 »cdrd] 80% & % p o A4
DPPH p d ghac 4 mZ i 85% 24 pd &4 & (Jeetal, 2005a) o 5 % &
ToMRERLS R RHE DAL NS kR S 10 mgof dried extract/mL »
™ PAH1 »x% B 5 8% (9236%); AMH2 & %A e h g el ¥ i
£ EARE R KF o 1 AMH2 (76.34%) Gk it o o2 g
fr g ~ b A TR A2 75 - & His #72<4 & (carnosine {r
anserine) (Van Waarde, 1988) - Carnoise & § & & & it 4 ch g7 7 & &
agp+ A it B4 b 8 v ay 4 (Chanetal.,1994)c d ot i ipl s 4 3w F
KfFPF P PR EZFEFEELEEEN RS H o A AL 26 0 7

FA* w A RS Rd PRk R 3 hr #71F 2 protease XXIII F-vd -k fi#
PR ERA AR AT ERR T 0 S BiRFAK RV 0B fo
C FAd v dviisy Ty ik m,%"‘ﬂc‘ DPPH p d A # (5 mg/mL) » %
5 094% v 75% > B A+ & 43 390 ~ 1,400 Da (88 > 2002) o d pt ¥ Ao B

FAE CFEBLRE A A S £ %15 1,500Da T A F S R Y pkdp

(=) B iRk 470

B orTar R AP R AT ok kA & & d ¥ @ 4P (stationary phase) % #% & 4p
(mobile phase) & ¥ e » = K L 7 iRt 2RI R A F K
LA kAT o BF R B A G A6 5 NP ERERE 0 B AR D
HEY R EREHAERATA > m FHFRE A F DEBE AP %"F% )
LR B AR B DT LA BE ko Tl ik & A gEenp b (Marx et al,1991) -
%g& RIAF L BB L CEESF AMH2 M2 PAHI fig- Wi
PIB S A B AR RS E # o AMH2e 2 PAHla T
FHFEwF SEkE o AkR 0.5 mg of dried extract/mL H # £ 4 4 % 18.89
2 1933%F A dpd o BF L B B0 kRS Gd RP-HPLC A 47 # 3] 6
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¥I% B

BE AP (PI~P6)+ B¢ 10 P2 chfc Adwas i 4 5 Boit (43.75%) o spEk
jRis2 o T RBFPERFAfEDEREFELEABRER & L)+ 0 4
imidazole M fc#: k@ » po 4 ¥ H 4 & Cu”’ 2 B¢ 3 i¥% (Amadou et al.,
2010) o gt %t 5 2 F T ETF %ﬁ'ﬁ EE &R+ v 10y *a:«%"‘fié? pdzm
F iy it g%, (Nam et al, 2008; Pena-Ramos et al., 2002) - Murase et al.
(1993) % A 335 His * 2 imidazole group £ 7 & BH#r+ cnft & i 4 o i
RINF s g Fov TR 2 phle 9 Vi g 3 £ His M2
PSS
AL TR s iR B (LSRR 3 B0 ] 3 1,423 Da o T o
rRHREZ AT RS (A 500 ~ 1,800 Da) 48+ & (Kim et al., 2007,
Ranathunga et al., 2006) * 5 ¥ jekdp &) > SSpe k(S 404 2 i s [T 4o
FlLEEBHL L grrad ARES £BAS B (Chen et al, 1996;

Decker et al., 1992) s #3565 & F 401 GlA 5 b kjzdams ¢ 42 53 4
‘:A'v 'lﬂ’_ﬁjgi?.’ &‘F‘%j}:ﬁ_’ff’}giﬁgﬁ’;}& b L"\P;}-ﬁ ’%ﬁ’g '% }gj éﬁ:b Py ’E'I / 4 _\ 1:% I'&

LT B

I AR TORRR ERIR AR R

By -y MRS KLY s G TR AU Ry PR AP e

B ] 2t B Ar 8T (Suetsuna et al., 2000) o 77 BT 0 < R4 B G d
Hl gty Bt M 3 £ (<1,400 Da) (Rajapakse et al., 2005; Pihlanto,
2006) = RERYES5~16 Bk Lot (Chen et al,1995; Wu et

al., 2003) - 1¥4p 1w F AR L Ip N0 BG4y LR AIRARGE RS @
7Bk S EHS gL A A4e D Ala > Val ~ Pro ~ Leu % 244& 14 75 9%
EIRfRE o V8 5 A% & qfrin 9AEL (polyunsaturated fatty acids; PUFA) % &

&m %M it Tyr~ His» Trp ~ Phe ¥ 5 4 5%l A A7 4 T3
RS KIrd] ROS 24 202 B H 2 i i3 Gly ~ Asp ~ Glu ~ Tyr >

81



¥I% B

Tl A S AT S A d A& (Qian et al,, 2008) 0 it MR LR Fr
pd kg oAal e

A f % f]* MALDI TOF/TOF i - #/g* * d-v FHEF | 0 F 3
RV ARY - IFHFALRLFRRSLA TR BFL S A THRATAE
SR BB e 173 EERF o gvErk 2 A AL B 7] (Suckau et al., 2003)
A% %87 > AMH2e {v PAHla A %7 8 | 2 2 Birs2 vefl@ R 7| -
AMH2e 5 Arg-Pro-Pro-Arg-Arg (681.5 Da) ; PAHla 5 Asp-Thr-His-His-
Arg-Arg-Lys-Pro (1,046.6 Da) 4fr His-Met-Leu-His-Lys-His-Met-Leu-Leu-His
(1,296.8 Da) H_E § & ik ehfdhidp+ A £ 0 4 - 2 ¥ groprave it o & A fo
SR AL G R PR o R o R ek e T 4o IR
Moo ARk 2 sz A 2 Ak R o K e 2 Fe*" ehfc & i 4 > % 14 ROS
4% > @ drdli fg § 1 (Dong et al, 2008) - His £ 7 imidazole H» ¥ 12122
& 3+ & £ (Chanetal., 1994; Chenet al.,, 1998) - % % AMH2 % PAHla
AR Y & 7 Mk IR (Arg - Lys) - feft i g (Asp) 4 % His
AElE60% ~ T5% 113 50% o ip IEPR A D S~ 10 B e H A
+ % 5 6081.5~1,046.6~1,296.8 Da- 7 # 7 I > fis 4 & & & 5 protease XXIII
-k
o

W
M

LoRFRAS L AT DRGSR ER T B AT R

St

1 ¢ 4 5 @iEfRiky 3 His (Jao, 2002) « Sk i at ek pe s A £ig &
AMH2e {r PAHla 2 T488E+ f5E it 4 GG anFl R 2Rk FE2 w2
FeAp o

&b ot AMH2e #2 PAHla 5 BB T4+ F & 4 > @i oo

&R

[_1

BlA &SGR0 fk BT A2 7 LRl IEY cff A LRT {13
Wiclte w2 B o ¥ AFIY 4 & 7 Arg~His~ Leu ~ Lys ~ Met ~ Thr %
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