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Abstract

The purpose of this study was to investigate the effects of
hydrolysis time (HT) (0, 0.5, 4, 8, 12 h) and enzyme types (Alcalase,
Flavourzyme, and Mixed enzyme Alcalase + Flavourzyme) on degree of
hydrolysis (DH), yield, and antioxidant activities during hydrolysis of 8
% goose egg yolk protein (GEYP). Each enzymes concentration was
7.5% (w/w of protein). Both DH and yield of the hydrolysates increased
with increase of HT. The hydrolysate obtained from hydrolysis of
GEYP with mixed enzyme for 12h (MH12h) had the highest DH of 56.7
% than Flavourzyme’s 36.7 %. For antioxidative activities of the
hydrolysates, MH12h had the strongest a, a-diphenyl-B-picrylhydrazyl
(DPPH) radical scavenging activity, hydroxyl radical scavenging activity,
reducing power, and ferrous ion chelating activity. MH12h were further
factionated by ultrafiltration membranes with 30, 10, 1, and 0.15 kDa
molecular weight cut-off (MWCO) sequentially to obtained 30, 10, 1,
0.15 kDa concentrate and 0.15 kDa permeate, respectively. The result
showed 30 kDa concentrate had higher ferrous ion chelating activity and
DPPH radical scavenging activity than other fractions. For the amino acid
composition, 30 kDa concentrate had higher Tyr and Ser. 1 kDa
concentrate had higher reducing power and hydroxyl radical scavenging
activity than others. It might be due to its higher Pro content. The
molecular weight profile of 30 kDa and 1 kDa concentrate had mainly
1,000 Da. Therefore, MH12h had stronger antioxidative activity , and
may serve as potential nature antioxidative materials for food system in
the future.

Key words: Goose egg yolk protein, Enzyme, Antioxidative activities,
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Table 1. Egg weight and percent of egg white, yolk, and egg shell of
different avian egg

Avian Egg weight Percent of total egg weight (%)
(8) Egg white Yolk Egg Shell
Chicken 50.1-68.5 57.0-63.4 28.0-30.6 8.1-2.4
Duck 65.1-6.9 56.3 34.0 9.4
Goose 143.2-18.6 58.7 30.4 10.8
(5% > 1992)
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§FCEEM RS A
(2) qery BEF-9 (lipovitellin):* 5 3 B AR g 39 » 1t &£ <3¢ |
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Table 2. The composition of egg yolk protein

35 TE R R F BT RTH T
% B P e 337 65 22.0 93 19.0 -
IS5 & 5.3 10 30.0 - - -

P Ak 2.1 4.0 12.0 - - 69.0
LERS ¥ 5+ ) 8.3 16.0 36.0 7.0 12.0

Hy 2.6 5.0 - - - -

P A8 B - : 0.4 : - -

(Gilbert, 1971)
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WM EFLE kg o
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PRI EFY S Em P vE- 2 HE MR o SRS AR T
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2R 4 livetin 2- pl % 4.8-5.0 (Martinetal., 1957) > &% £ 5 0.05% » &

585 1.8% (40 1983) -
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SRR AL AR
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AFTMAS BP0 LR P (Nikietal, 1991) - @ § v
PR W R A Rkl R e ST B SRR Ok A
A EAL ARG R DA o dob A R~ R E

G ENd P R b AL g b5 Ap M (Ferrari and
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Chain termination

Initiation p . ~
100- i« Active stage of chain
Propagation and branching )
A Mon-volatile
80 ™ end products
(C) -
-0 e —-———
2 anA . -
2 60 e .
Polyunsaturated i
lipid
40+ (A)
204 ,"r
-
7 -
] —'—'-:hm--ﬂ-’-'n Tiaanepraeneentttt i

Bl- ~P A3 ik BIEE -
Fig. 1. The stages of lipid autoixidation.

(Gorkum and Bouwman, 2005)
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A4 LTEF P LA N BE AR K AR
RAXRE G IBAL S g pF TR LT A S ZHB (R
-):
1. 4=4>¥F (initation stage)

Initiation

RH + Initiator — Re + Initiator-H

ROOH — RO+ + OH

2 Pl H %Efi § (singlet oxygen; 'O,) ~ B & ~ kB ATF
AR AL gAY REB R ES T IAE o 2 oty R
2 W gt B2 7 A (a-methylene) RS- B FT S A2 E R

B A D A SRR M A R ot Feak e B e

2. {24 F ¥ (propagation stage)
Propagation
Re + 0O, — ROO-

ROO- +RH — ROOH + Re
RO+ +RH — ROH + Re

WREH AR F B X pd At ® oo wa A2 { Fpd
Ao EAd AEE F REF Cpd A (peroxide radical) - iEF it f
d & (ROO-) £ AV 2o {cighhfih REFTF U AL 370 |

pd A& s 4 (lipid hydroperoxides) » #* % 28 7 #7i& {7 7q FF
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OH HO,

D‘h ' r‘D i
NV NS

Bl 3 & fos i p § 08 kY i 5 pa)
Fig. 2. Initial hydroperoxide formation in the autoxidation of the
unsaturated fatty acid. (Gorkum and Bouwman, 2005)
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pd RenA) P 2B HF F R 5% F 4 ¥ (induction
period) ° B F| AP A1 Ao A RN A A d AL 0 o B £
TR P D A EEF CH 232 (Gorkum and Bouwman, 2005) >
B L AR TR (S B R

3. ¥t ¥ (termination stage)

Termination
2RO+ — ROOR
2RO0O* — ROOR + Re
2Re — R-R
RO+ + R* — ROR

Ak RERSIFER  Pd AL FEY - Bpd A FEEA3 4
SRR A > B BAHF o BT T A A b
BEND A B AR CRARARE L KA S IE S FAR

I MR Y (dimer) s = B & 4~ (trimer) 2 F_& 4 (polymer)

Hi

A’\_}_ %ﬁ’ Bl = %\7]-1@3 v Fr i — ﬂ}il“‘%ﬁ’i\l AR

£ M E &+ (Gorkum and Bouwman, 2005) -

Z) it EAR
PR R F CiEARTA 2 chp d A~ diEF VP \ﬁg\g};gﬁg@gﬁg

B g gy Bl F AR 9 TR I EERGEY NP X R E >+
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Degradation addition
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' / R 2
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P W _
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on Cross-linking  Degradaticn

o 5 / /
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R—of\’) Network formation

Bz st F b gt o
Fig 3. Terminal products by lipid oxidation.

(Gorkum and Bouwman, 2005)
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LG AR A ery ek PR R 4 Gl F ke F

Wa

WP RFE 5 h g e E A @ﬁéﬁ%ﬁﬂ e XA B
BaARFRESL R -FBRAL 9 P RE P (Blair, 2001) o 2 4= 2
R R IEWHT R p D AR S TR AT Rehp T Aol
gk edg 3 L1t B (superoxide dismutase, SOD) ~ #5 & i’_—f’?lxﬁi v ¥
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B F ~F &mmid vz pd gk (Simic, 1988) - 1B F 4 BRI >
ARG AL ROTE BF RS kG A a3 g
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F & (Karnovsky, 1994) > £ # £ 42 3+ A @° £ 5 Feteni=% > 4
TAAAIPA R D R B R RIS S E e AT E
Frgfpasat gree® p L= s Rahpesbhir fxdia g o
7&12% ~ 3 (reactive oxygen species; ROS) Hip & iz e fh § »
BEEGE A R 50 s F A o RESERT L
hEREFLPM A2 PR ARG A2 hdgF pd A ( superoxyl
radical; O;) ~ 8% *a (HyO,)~ & % p d & (hydroxyl radical; OH « ) ~
H %5 fi ¥ (singlet oxygen; 'O)% o It ¥ chik#tiEfe > 3 BF AT W4
fer BRI (eBle) $ffFIBE2a ATk o F- BF A
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Singlet state oxygen

Triplet state oxygen

Superoxide anion radical

3(:)2
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HOy <o [ Oy ¢
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H0:; | «—>
03
0
OH iy O
§
OH"

Hydrogen peroxide

Hydroxyl radical

Water

Ble ~3 2+ 2 5 P@R2 g ki REFfRe 5 1992)
Fig. 4. Oxygen and reactive oxygen species.
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(2) B d RHFLT H2 S WHE
GERFIELR NG A AFREE T RAL 2P B R

ALY > E S DNA %2 3v HI G ~me Xt ~ REHFML T -
(Shigenaga et al., 1989; Rikans and Hornbrook, 1997; Moskovitz et al.,
2002) c FREP pd AN EMRT AN RE P ER 4 R bR

o %"ﬁg”g’z:‘éévz%fg"a’ LW o Tk TR R N

LR

4

ik FEA A DT - B FREE MR R s A E

(Gutteridge, 1993; McCord, 2000; Moskovitz et al., 2002) -

LRI IS L AE-E o L
GEFPFHPMEG IR CPE AT A S R VP kT M
fod AMEREF DG T > RIPEF PTG DF LG o Fp
B Rt S m R LR T R RS
UL Gy LR iy VAL B &Y BB ART i
* ;% (Namiki, 1990)- 2 F % & ¢ g it F v 1o ;“ﬁ‘“,f A RE N 2
fed rA Y hF pd R M meand LT o fi¥ A TR L AR
ERT EF Il AuERATE LT o n s PR G2 S

oA o f - pESE 2 DNA ¥ 4 5 (Halliwell, 1993)
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(=) #eF i R[HIER 4B

Fledng CHERGRE CEEE T IR A RT A LT e i
Lop o g

AL - iy A AR ATy pod )R At g

B8

®

8 F ¥ i 7 F (progradation) o AEFLE VA S F 3
P FmA AP ENEF A P ERRE- BT A B

Frepd AE% > 5 f LanFRBHE N2 IHT I B A E T

AN

1% 4= % 1 (resonating structure) o & &-¢ i d Agipdriad 2 E
% A 1 & = fiF i &l4c butylated hydroxyanisole (BHA) -~ butylated

hydroxytoluene (BHT) % 3 & % & -

"M e fe (ascorbic acid) 2 A > v F MEBRAL FF LAl d
Ao ALPF it 4 & ke f& (dehydroascorbic acid) @ i

PR EFLF 2 P

3. £ B & &4 (chelating agent)

S50 453 BRE BT B (<01 ppm) B & AR
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TR G R F L@ Fni 4 o HY R R ARG g
§ 115 B3 (Dziezak, 1986) o ¥ s 4841 & 454 30 %10 2 — AL RiE 4
Wy PR RS g RRTRF VR BACT IR RS o
Fe”? +ROOH —Fe¢’* +RO-+ +OH
Fe® +ROOH —Fe’* +ROO: +H'
SBELEHAL T ERF L R AS RN B L2 4
FAZEEEY > PR ENRETE PP S R (citric
acid) ~ ¢ = "=z ¢ B (ethylene diamine tetraacetic acid; EDTA) ~ i

(phosphoric acid) % (5% % > 1995) -

4. EAEGF i A

SATRUE A P AR BRI AT (0) R Elirdlk
F beigim o B-7 & § & (B -carotene) ~ = ¢ "= (triethylamine)
o PR ek MR A BB SR R E A R SRR =

AL E AR 0 "R M A e foig AR K e S (Bando et al., 2004) o

(Z) A1 &4 M
Pa ¥ R FDA /8@ * chk 1 & s f’vé"’f']’ﬁ BHA-~BHT - X &

+ f& P fg  (propyl gallate » PG) v % = 7 Z & f (tertiary-butyl
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hydroquinone » TBHQ) % - ¢ B * 48 i3 2 Fg v+ » v Py
Bt p o AR LAl g Ao kA f e kg i % BHA & BHT
Foir i RESRREM (Branen, 1975) ¢ e B € Fri3 & i Fm e
A 3 a3 4 v+ (Williams et al., 1990) > £ % A 482 w2 & BF
(Fujisawa et al., 2004; Kang et al., 2005) o ]t p 7w ¢ 5 35 5 F7 § M 30

B X SRenpag b

(2) % Ry A

FEN LAY LT AMER AL f 6 hRE s AR

)
=
9

&
)
Pty
s
M
Q)
TE
3
¢
e
B
i
=
M
T
A
¢
e
¥

i

gt
o+
fo
-3

2,

SFEAR R EF OB R X AP~ FE - kE F
AR K2 Fd TRy E LR SR AP F s R IER
(polyphenols) ~ #g % f¢ (flavonoids) ~ %2 % % (catechin) ~ #»“7*%

—

(caronosine) ~ ¥ #*X (anserine) S-# # § % ([ -carotene)~ -2 7 fi%
(a-tocopherol)® - H Fig it 4] 53 S AP A 7T #F 2 (Cook and

Samman, 1996; Cantrell et al., 2003; Larson, 1988; Papas, 1999) - p = 7=

—=\
-l
4_\\
AN
BN

SR SR oF CEEA B UM S E T SN I Ok R T gL
*s 0 4 FFI# (Thiansilakul etal. 2007) ~ 545 &+ (Pengetal. 2009) -

FEu = v (Changetal 2007) ~ /F# & v F (Lietal, 2008) ~ 4%
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-9 & (Qian et al., 2008b) ~ f& 32 (Kim et al., 2007) ~ 7 %} & F-v
(Baumy and Brule, 1988) ~ #& 4. (Aspmo et al., 2005) ~ ¥£ 3¢ (Suetsuna
etal., 2000) £ %35 ¢ F (Sakanaka and Tachibana, 2006; Park et al.,
2001 )% - Sakanaka et al. (2004) 4p M 335 F=v FoKjES ~ i Bd
Fromefpel fi b wlif4e » 33 TR e #7925 8T 5
Fov FokfRFoehing B o BRI L E R TS f Rk
B o~ pH B ~ 93rx k0] s A e A g Pl B 2L (AR Pk b 1 g

4 o

AR R TREFLER A 0 ¥ 14 % (Bougatefet
al., 2009; Yang et al., 2008; Cumby et al., 2008; Giménez et al., 2009) -
Sakanaka and Tachibana (2006) 1+ Alcalase 'K f23t 3% 39 & > 7 Ik
Bokfadrip e g g 2 R g T F A B R R A
FokfEy kR A% (0.0625-2%) ¥r4lp ¢ TBARS (thiobarbituric
acid reactive substance) 25 = iy 4 5 F2 F L o
(=)pH &

—
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Kim et al. (2007) 41| * B 3-v9 #472*% (caseinphosphopeptides) %
e pH3-8 =R T B R+ BB et » B5ka e pH B4 3
T o BRA EEBRERTI G pHEX 6 T RalgF LR -
FoT RV AR ABERBE T i RERRA o Rm EBHEE N A
RE % pH B e 7 BiH > £ 7 iR B ATEPR ARG IR T § B g R
EEiwd o X2 dv FoRiEy bpiphig 573 % 2 pH & 8.0 3t & i
MR F M F R G wEares o A kiR AL pH 43 6.7-6.9
PR Eenut ko Bor pH {30 4g v B85 B8 (Chenet

al., 1996) -

Wang et al. (2007) | * ~ ApEZ-kj# | $ 3 dvd » H-Kjgd g
o M g F I 5 KDa & + £ Ui (molecular weight cut-off; MWCO)
o SR IL AT g R g E AR YA R e R R e 2ok
a4 5 5KDa MWCO i "5 s 7 19 kit § 5k cdr | I Frod e p %
it i®* gy 4 (Park et al., 2000); Kong et al. (2008) 4] * pepsin -k f%-]:
A Fw AR A FrkiEY 0 L 5B B MWCO JR%E A » <3 KDa
MWCO 2. % ~ 4= & 5 $.% 59 DPPH (1, 1-diphenyl-2-picrylhydrazyl ) p

WAL 3 pd Ay i 4 eLiet al. (2008) # RJE# & (chickpea)
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9 FokfEd > 12 200-3,000 Da f& Bl A+ B s ””/ﬁ"‘ffi §ad
K4 2B R4 - Dong et al. (2008) kfE+» Eprd dv T 24 53
ﬂﬁﬁ/é’m‘:giﬂ#{?#df%?ﬁiiEdﬁl}i‘%’:p 47 J\ﬁ*}{"”/‘v\ ‘E_ Py

& 51 1,000 Dae 58 btz BRI o [ EPRE 4 0 L

R hk s 2%+ > 5 > Changetal. (2007) 45 & 7 fz s 3 3
Bk jzd > 1 Sephadex G50 "2 Wi im & 472 A L ehx & 3L o] & 5
FRF DLBHEE 4 - Tong et al. (2000) #F &~ + £ > 3,500 Da
L T R A deindy M5 B LA -"EFFLK% pdogke
FERV AT TLRE RERBYST > FL LB KRR
Bt g d e o Foo B 0ErkE RAR Y E G R M Ra ok
Prenfng A ARG GG R > AR E TS R AEEZ Fo T A
FEBEE kB ASER W omAmepd A5 & (Elias et al,
2008) -

(2) SRARE A 25

@2 ;];Ljﬂ 212 3 His ehdeg it 4225 > H imidazole ring it 53 A%

EafFaa a4 A& (Murase etal.,1993) - Gunther et al. (2002) {1 * 42

§ 2 it f¥ (superoxide dismutase; SOD) ¥ i ¥ * & F i > & MNP
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(2-methyl-2-nitrosopropane) p d FAHF HF T T 0 UFT F P EE IR
(electron paramagnetic resonance ;ESR) BT % % > d SOD #i74
o FAY AL AHP AHs AL A2 SHNTI L Gd "CH
%_His > # imidazole ring } eh C2 &2 pd A& > fupl L4 p d A
Givi (BT a)

kiR pide 7§ F R P Tyr~Phe 2 Trp> ¥ #-d A d
AEF T ¥R HEIREHE T FEp L JE L - Bougatefet al. (2009) 4y ¢

% % (smooth hound) 3F-v F-Kjzf=? » it ixéf DPPH p d 2t
AR FarwR AP F 7 Tyr (23.27%) - Menezes et al. (2001) 2 ONOO
#* macrophage-like J774 ¥% & # Tyr-4#74 A d £ » 17 ESR B T_A & &
chimfe v FELZI|f5 i pd KA $ (phenoxyl radical adducts)
Ay o ko Tyr FepOH H &2 pd AF Beniz2% (BT b)) FiahE
B9t }-9  (metmyoglobin) /H,O, % %7 A5 = Trp-#74 p o &
(Trp-derived radicals)# 4 » B4 HEF pd AT =% 5 Trp o0
C-3(BlT ¢)> @ 7 AR fkfade? pitfd (Met)¥ Cys» hfieniz ¥ + &
p o 2575 thiyl radicals 2 # (B]Z d) (Kelman et al., 1994; Chen et al.,
1999) o Flpt 7 FRA T £ %d ‘e D RS oA

&L Bl 5 Met g 3 @5 iAo I A Met ¢ igR
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CH,R H. | CH,
A ol
| CH,

H N G
H BN
/
o
CH,R
Histidine C-2 radical adduct Tyrosine phenoxyl radical adduoet
d
He f/j<n:n.1
C i
CH.R AT
: T \Wl* Cii,
_ ¥ TE[; 0
N L O
H [}

Tryptophan C-3 radical adduct Cysteine S-centered radical adduct

%‘:n; 1,.
l|:] I
H,
i[:][ R

Lysine N-centered radical adduct

BlI ~ &5 BT i ehdd 2 pleap d L2 B -
Fig. 5. Structures of protein side chain radicals trapped by spin traps.
Davies and Hawkins (2004)
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BAABIFII T EEF 5 Met p g itaF it ? pokp
(methionine sulfoxide; MetO); 7= T Met #-#5 & 53 R R 5 % 2
14~ B (Garner et al., 1998; Panzenbock and Stocker, 2005) o F & ¥ i i
RIFRd g d AF o AR RE P T ERIE R d B he
3 %‘i’jﬁﬁ%‘;* B R0 FORfRZ 4R VR T B R R 4y
Wehg e, B8 £ L His-Pro-Pro v § Pro 4t # v el fh B ik g
H P Eengig it 4 533 (Chenetal., 1996)Pro 23 it 2 BT e 3 %‘-’—‘ﬁ
AP o Pro XFIEF A AZEF M Epd Aau¥FRE €%
it & 2-pyrroildone # % % _ A& $ > iE 5 ‘qu",ff a3 pd Aenpon

(Stadtman, 2004) » »* &3¢ 5 :

NH
@Y;E - OH, HO; - v~ S0+ R,NH, + H,O+ CO;

)\\\Oo > /g

R] 0

Proline 2-pyrroildone
(Stadtman, 2004)

Kim et al. (2001) o f@ 3 274 ¢& 4 (Alaska pollack) g # % B~p
B LRHRPBISLET - B Lt RETES LR R
Gly-Pro-Hyp > &8 ¥ ac F1 A 2| ? #7722 Pro # # 3 it ehfid it ax

4 o Hawkins etal. (1998) ™ HOCI 4 %] A g F9 Fv ~ 2 5 i

29



H

et L
5. \@ L ;
(:}H.J\ ('j Ha H,C

Bl ~ 7 R R4BR R T a W F e o

Fig. 6. Proposed two-electron reduction of lipid hydorperoxide (LOOH) by
thioether-containg side chain of methionine. (Garner et al., 1998,
Panzenbock and Stocker, 2005)
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v st Few f’?i’:}“ﬁﬁﬁﬁA\his‘tone EF0 FFRALE R F

ik

Eeniz ¥ & Lys ¢ Rléat aefl » @arko FeY Lys AL 0§ 7
Ll AF b (BT e)e 8 v it Leu~ Val o 7 it 4 4o obox
P UpFE2. 2 T IF* F B o Park etal. (2001) & R—F Fv T A4
Bl e fe p F I TEH B3 chd BOLAK Y B4 W] 5 Leu-Met-Ser-

Tyr-Met-Trp-Ser-Thr-Ser-Met £ Leu-Glu-Leu-His-Lys-Leu-Arg-

wn
(¢}
T
wnn
(¢}
=
T
w2
—~
3
g
=
(¢}
wn
(¢}
T
>
o3
%
()}
-
5
patl
E
W
(
7z
i
Kz
s
ETTRS

Leu -
Qian et al. (2008 b) fi i ds i i- NEf gikhd § pd AFpi
Lok s AFRH P RS 4 % B Leu o

w2 BEES o B A kR FAOTA 4 avkfEd d giek

AR Y X TR Y R R A kRIS (R EK pH B)

A Rb FokfRiER
3o v %‘rﬁm]\ﬁi?’ CRCRTE g ﬁf_-% N3 JEIR (T o K d A gk fEdE

ARSIV R s R Y 819 E AR RN R R

—_

EE S A A RfREY 2> AT L] Rl
fe g XTI > 4 L-3l A RE L D-3 AR > Fla )=

lysinoalanine > ¥ {f&-kf%iE42* € A& # monochloropropanol (MCP) £
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Dichloropropanol (DCP) % # # 4 % (Lahl and Braun, 1994;Manley and

Ahmedi, 1995) = d *t - B kjzic* 2 £ 3 & — |

BB FRE o - B T MR RS YRS R

55 Faaveipiies (585 2009) -

)
—

Bl EER kR R PR A SRR 2 RARL R

vk Pt (peptide bond) @t £ W% % £ v fF (protease) £ F-v B A
f#fx% (proteolytic enzyme) ¢ #-pLi3rkigr 7> 2 AF 53 <] A

-

3

s

PR AR AR 0 e PR enEE A R G A~ ik P bl g oo

|43 + M 7 i A& (lon group) fH#c P 3 4 ~ R P oA A

(hydrophobic group) R & ~ » F+ & % 4 %

‘3\\-

B A2 R E (Sorensen,
1908;Mahmoud, 1994) -

(=) BR-KfER T

A
7

Fou FORfRIET R - A AR R T Ll p A
70 oK% (degree of hydrolysis; DH) * Rft % (F-v fF) B iT%

}
Il

SEEEE

™
Ly
W
~z=y
™
X
.\g_

e3¢ 3¢ 1+ (Adler-Nissen, 1986) °
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1. pEk A
doNER el - B AR AT Er il B ERE AR
Fe gz KR~ fEAEILE % n % o B E N kA et AR B
B A A TRFA P IR REFNER F)IF o R R KR B
foiEr gl ¥ R g A A o
[.ikfd i g i BERT A S fE
(1) 3kP%pk 3= f= (serine proteases)
ek pH BT 3 A xE > B8 2 F A A5 serine
4o Trypsin ~ Chymotrypsin ¥ Alcalase (Ward, 1983) -
(2) L xps 3-v f* (cysteine proteases)
AERE R 4-SH F P oo P MpH ET RSB HE AT
B AR 3AMNES L T d 4 44 > 4 Papain #2 Bromelain
(Ward, 1983) -
(3) * ® % ¥k §-v f= (aspartic proteases)
SARRE R A pH EFEF S 1-5 2 B > 4o Pepsin &
Rennin (Fruton, 1976 a) °

(4) &% %9 fF (metalloproteases)

- BoZamg B o - His s HEERE P pH
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i# > 4 Thermolysin (Aunstrup,1980) °

I. kpx2 it 7% & 4 ) *» A5 (endopeptidase) £7 ¢+ fix
(exopeptidase) °
(1) P27 p*
A IRL ehFen fEY BTN R B iR 2 VR Gew B JRavs
PRGEE A KR A F T ERRA A EAENRAD o A

Alcalase ~ Neutrase ~ papain °

KEE A VA LA S - fAIEY 3 N#f a-¥efh (0-NH,) s
*xfi* (aminopeptidase) > ¥ — FAR|E_ % > C 3 a-#% £ (a-COOH)
enZg PR fF (carboxypeptidase) e

xlgfﬁ H - pEE ﬁ’“vhr‘rj;v‘/g%,rzﬁ;f@u_iigﬁ%jagé

AL FE ’T Seth i EE A PR BRI ORFE R B KRS R

=y
™
L
W

A & o Cumby et al. (2008) i * Alcalase ¥ Flavourzyme =
R b A BT TR RS ik WA T 4 B R
%M TR %2 2 X - Cheng et al. (2007) # * Alcalase %

Flavourzyme $7 cfim = 3ov 877 BN -Kf2 > 8l i 24 V5

e

Mervirs § - B Gy TEREE KRGS oL B8t 5- 3
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BRI HFAEF RO RREES IR LA RE R
MlAvE A ER R o B N R LR B E A AT Pl enid) o
A B % Alcalase 22 Flavourzyme & &8 & fi% % $48 35 &9

Fiefikf# e o a Bk 2 pits daeT:
(a) Alcalase

S ﬁ% » % ¢ Subtilisn Carlsberg ~ Maxatase £2 Optimase °
B3t SiRpe ) d-v fF o N 22 fF > d Bacillus lichiformis 4 gta % »
7 pHO6-10 #[F 7 #% Ftt > pH 8 By &< B o if 5 i &
50-60C > px 2 & - £ > 2 & -k f2 C Fenp R m
(Adler-Nissen, 1986) o s“fi¥ % £ 7 274 B e pas A o

WEEZCMPEL OHEBRIF FIFAL Y R Alcalase K
f& 30 TR A FLF B Pk e 4o Park et al.(2000) @ * Alcalase
Neutrase ~ Pronase E ~ Pepsin ~ Trypsin £ o-Chymotrypsin 4 %] ¥t &
5 b0 iAok fR # ki3S 00 Alcalase 2o ok fR Y Frd) I e
Bef d F 1 0Er B4 A4 4 o ok 1 Alcalase i {7 K fE i 30
Be PP 2 b (Kimetal, 2001) ~ & 4% 39 & (Cumby et

., 2008) ~ % R v (Li et al., 2007) ~ & Fl1# (Thiansilakul,
2007) ~ & 39 (Kimetal.,2007) ~ # s %= #v (Changetal., 2007)

A4

_g: o
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(b) Flavourzyme

d Aspergillus oryzae ~ #gm kerig & kv fiF o B3t Aok
B~ &R0 B~ SORR B0 PR ERITLR £ Bod 50 B F R
g b R R d ik REE 5 PHS.S-T 0 S0TC ¢ 2 pr Al
* Flavourzyme 2% Alcalase 4 %|-K f# 7 & @8 4. % . Flavourzyme -k
faim vt Alcalase £ 3 2 i § pd A fnb (Dong et al.,
2008)~ /& 4" & (chickpea) (Li et al., 2008) ~ £ [F1# (Thiansilakul, 2007)
F o773 p o~ hrprdhFlavourzyme Y B 7 F P 7 ' e Alcalase {
W R R MRS A3 ¢ dirkigk iz (Chang et al., 2007) > )
PR RS € Alcalase B o
Alcalase & — M » e H 3 & 1% L pn-K el anC-24 o

LRSS RN T E T EERLILE NRYCE SR e

=t

R Al S U S S g R Y

s L A Fenh rR o FM AP Bk #E-Alcalase 22 Flavourzymei® & {8

70 Fokjz,> ¥ %’ﬁ d Flavourzyme ¢t *» figs 2_ i® % > ¥ :x i
Alcalcase”t A # = vk o Kawabata et al. (1996) » % & * ji&_§ pii+

I Rt IR SOREE R AR A B e R KT

I SO R W N e G eSS TR D
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2 B2 HEEER

Foo AR § B R kiR 0 - MR I R TS

(%

§
WF R R IRA) e TR AT G R Ik ey TRt

E RN A R ERAE » T MR A Fed % E (denaturation) {8 H ok jF

FooRRAPBPF2ZLNGER G E R0 FFRE S B2 0FY e a
i F-v pr-kj2F J& (Linderstrom-Lang, 1939; Linderstrom-Lang, 1952) °
PR oo gk 30 F4e R -9 (collagen) ~ PV F-v (myosin) (P

Wt o prervkfgie* T a £ 8 (Haurowitz et al., 1945; Traub and Piez,

1971; Anfinsen and Scheraga, 1975) » F]4k ik Fv B 3 v o crrc &
TR EEZ B 2 b RiRihke FTHIpEREEY ~5 72 1

Giménez et al. (2009) 1 * Alcalase » | KfZ p 4 &2 g pRengd £ > 2
KfRFE L E PR KRS AL P A 0 HRA AR Tehh ] B
F I Arig e o

gt ¢k > Alder-Nissen (1986) 14 Alcalase "k f#2L# 3122 § % 39 F
B IR F0 o A IRARe B FAPE M0 d NS i R
e B 5 B kR BARARE U 30 B4 Ft B
BOF kR A F e S g £ P ke TABRAEZ BT 64

Alcalcase -k 3% Fe ik B =

fal

oo FHATERE kBRI ORE
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i 5% 5 R Alcalase &% *22% % B F-v 2k fi# 5 & A F eh% 1 o Tucker
and Woods (1995) 45 41§ #7F s E A F 2 B A H & g
frfro KfRE ik F ¢ XTI F AT IRREA o Tk e {5
PRF O F R F T R W 2 AR AT R 0 BE A RA

SR TR E o

3. BEEER

Adler-Nissen (1986) 45 #1-k 2 ersif «e 1 R R R R 2 An b > &
RO ATEREIGfkE  (FREF BV Y 2RI E LT
T RS L MR ER A, PR RR SN ERATER

% B eopif o P

"E ok

R E R X B4 AT HRF KRG

-

f
v EomH4rd A2k o Lietal (2010) ~ 477 Ik & Alcalase ¥+
O oRRF 2R FH T RHEERRE REREHRE R kiEF oD
E Ak gk KPR T  EFFERRARAF E kRS-
MW E o LA ORRFARERETT A S Bd e A oRES

£ EHERD o

4.pH E&F &

P
e
3
1
1
Ry
W
et
o)
an
m
1%
Rd
3
g
kg

AR R R fE g
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FE 0 prdoi F RpH o — AR -0 FEE (T 2. pH% 5 7.0 (Lahl and
Braun, 1994) > % £ % et 2 R P E § § fEREE S B FORpHIS
AR o B ART G  EiE R REAE X § A30-50C > AZMES0C S 0 L mA
PARRBEEAREAE S NG Y AFETER o2 v gy

Alcalase’k f'zn 3 30 > $F3 7 FPpHEE B R LEF 2 B %8

% BF 7 pH6.8-8.5/ K f2 & iF it 2 » 3 pHS.5-K 2% % BB > ¥ pHiE AL
WB8.SPE K fES F A T o 35-50°C Bk RS AT 1 A s 42850
HoKfzEF s € B4eT % (Bhaskar et al., 2008) o F]pt:2 7 v FpkE -k
fRpF R R 2 pHIEHiE B ipd| 2 b R > LB T2

/-é, I]‘i o

5. ‘kjEpE i

R B E 0 IR 2 KRR B KRR 2 M 4T Ko
kf#d S (hydrolysis curve) & #4780 oK fR4~ B K fF 5 5 F K AP
B3 4em Poig b o gl pEd) L Pt ok 28 (initial rapid phase) © + £ 9
AR TS A A oom 2 KRS A i R - BN
ﬁ%%?é'li“ﬁfﬂ‘i’\’?%;* N AP T R EREF B F
(Guérard et al., 2001) » -k f# 3¢ 5 F P 7P 3 4o @ % b A8 T 08 > LR E

5 T 424 (stationary) (Shahidietal., 1995)c F]4t % fr R fEpE ™ & 4
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aRAER B MR Z 2 E 1 € B 5 Nakadai et al. (1972) 4
% © kR T ¥ miE Aspergillus oryzae 2 Aspergillus sojae 2. # 4 F-v
fadlt; BERBS%M L FardIp Rl fEEl s 108 Fev R

% P & (Gildberd et al., 1984) -
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o~ HpEs
~ SR
*iEsk @ * v B § 4 (Coscoroba coscoroba) z & 5% 4483 (10 %
17 %) PR OTIIRG K (2R o) o MATE ARG RRE 1 > 4k

B B~ 39 A B 3-F 1395 Sakanaka et al. (2004) #rifz. 2 jE

Bl &7 AL 2R SR MG R R (T X B0 (T e A
#v B (Goose egg yolk protein; GEYP) » 1% 5 F-v fa R {¥% il & » fi%

% 4 4| = Alcalase ~ Flavourzyme ¥2 Alcalaset+Flavourzyme (1:1) 2%

ik

EEFEFRfRIEY > o= 2 R%B K2 AT BT 0 F A
Alcalase %424 pH8.5 ¥ Flavourzyme #424>pH7.0° * BE R ¥ 5 50
C2 FETHE NG LR Ry TATRASAARR £ 1t
CfRiEr > H 4R dURERET T TA A R RS A Y
BITRFESF ~AF A fL V4 20470 By V4 o479 % DPPH
e S A ACE A B R4 UZE T 3B F’é/ fsb
A% o Pz AEFENER LR L kR NS

B o AR Y 30 ~ 10 1~ 0.15kDa 2 % i R e (7B
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Crude goose egg yolk protein

A 4 A 4 A 4

Alcalase Flavourzyme Mixed enzyme

l l l

DH, yield, and antioxidative activities

l

Ultrafiltration

A 4 \ 4

Molecular weight distribution Antioxidative activities

l

Analyzed for amino
acid composition

DRI T
Fig.7. Experimental design.
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@I BEAP AN 5 30-10~1+0.15 kDa k5% 22 0.15 kDa jgi% -
Mrigl Fe o o oo BT w g V4 ZRRENE ST EL G2

Ao B S ERBLIG 4 LR A PR A RARE S L AT o

Z MR Y ka2 WG
(-) ®4EFR 39 FHUa

FE NI (BN ) hF e (B30 R
e P o) L2 (W) B E R AYER Y o I I E S
T 40CH k4 # 1B 2 (585 30445 e BEdy Tak
B R RF R R R e e (B p R S0 0 5
P12 (W) W BIRE R TS RO 1 B 10 A
&8 0 I R R o Bty 3R A 0 B R 2 (Jé%}xﬂj_ g
Fond o D) M L2(w/iv) bl 3RE £4F - =0 o B {8 Y Meshno.170
b feiBipts o BFAPFLHTTE L S BN R R Y b G2 12 ) BF o BB
FLenfE B 7 T AL S AR 0 AT EEYR S A (RHD-903, Risen,
Yingge, Taiwan) ™ 70C /& h §2% 1 ho A fris » WE 7 ¢ KR e %

N\ 3

(Nylon 15 g m/cast polypropylene70 ym > = & ¥ % > =& > 19cm x
25 cm o ¥ 0 SA) ¢ W E 7 e %S (Gastrovac; Multivac, A300/42,

Wolferschwenden, Germany) E % & 51 %53 -20C k47 » 13 B
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Fresh goose egg

'

Goose egg yolk

|

Goose egg yolk mixed with ethanol at a ratio of 1:2 (w/v),

homogenized and allowed to stand at 40°C for 1 h.

|
v '

supernatant precipitate
(removed) l

Mixed with hexane at a ratio of 1:2 (w/v), «—

homogenized and defatted again at 50°C for 1h.

| The step
l l repeated
supernatant twice.

precipitate ]

|

Air-dried at room temperature for 12 h and
homogenized for 1 min.

|

Air-dried at 70°C for for

(removed)

Crude goose egg yolk protein (GEYP)

CENINFEPCE S N R R
Fig. 8. The flowsheet for preparation of crude goose egg yolk protein.
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oo X AATAI RS A R AG RS Y T AR EAS o
(=) RE=®pER

ARk * i2% 5 % p Bacillus licheniformi ¢ Alcalase 2.4 L®
(Novo Nordisk, Bagsvaerde, Denmark)> 12 2 %k p ** Aspergillus oryzae &~

Flavourzyme 500 L® (Novo Nordisk, Bagsvaerde, Denmark) -

(=) GEYP 4 -k faz i5 # 5
CEFEREEER AT ER
%+ Park etal. (2000) =2 - e % 5+8 & 10 % (w/w) GEYP 2 -k

BRKIERE BFLY o L I N T F MR (B CERRSF IS

FoRTT o S & IN BRAR (L CERLF LD P 0 ATH
o) AEKFER B2 pH B2 8.5 (Alcalase) # 7.0 (Flavourzyme) i

MAFEA S0C 0 fte »EEE R 0 h 2 B4k 0 4o~ T.5%F%E (W/w of
protein)it -k fiE 8 h» B~ kK jRjE A k@ 4ot 20 S4B 3

N o

AE o BabF g LRI A RS o BRI RfRR 2K

4

2. FEBPFFEEER
B ATERGEZRGEER L IN ZF 48 INBRRR
WA pH E 1 85 (Alcalase) & 7.0 (Flavourzyme) » ¥ #-8 B ‘@4F &

50C tderfEZ 98T 0h 2.4k > 4c ~ 1255752 10 % (W/w
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of protein) F¥Z:E{7-KfEF &> & % 05~1~2-4-6~8~10~11
BI2hBfd Aok e B 200 BRAEE A E 0 K EEE R B kiB

LTS o PIR KRR R IRES o

(z) GEYP -kjzs 2 %

Rip it @ ERFEMRFAATERE ORI ERZIEE > &2
sfi% % 4 % & Alcalase ~ Flavourzyme ¥ Alcalase - Flavourzyme 14 1:1
WHERE (Mix) o A %02 1 N & 5 408 IN BRI RA A F B
pH & % 8.5 (Alcalase) ~ 8.5 (Mix) ¥ 7.0 (Flavourzyme) » ® 8 B 324 &
50C #rr 2o AB0hf & HFL B4~ 7T5% pEZ &7 -LfF >
05488 12hBFBfk o B B3RP e 20 0480 B R
oMb AER R R Fokip A Aris o 11 F i g % (Hitachi, SCR 20B,
Tokyo, Japan) *t 4CT™ 2000g &< 10 445 B~} B R 1Ljp KBk
(Whatman No.1, Whatman international Co., Ltd., Maidstone, England) &

o THEOKRREF LI AT o

(Z) A =rris
1 rkaz £RE

1935 AOAC (1995) & A 45 « #4745 & %0 100°C # b 757k 42 %%
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(Risen, RHD-903, Taipei, Taiwan) #z%Z =& > B~ 2 g GEYP & 5 g A7
ARG I > 305 2B 4R Y o B2 100°C R R 2% 48 (PID, Risen,
Yinge, Taiwan) > 4-76 mmHg /& 4 T 5z% Sho 454 B~ 13§ > I 57
HEY LG 30 AT o MARE BT 100°CRRITE > 12-76

mmHg B4 Tig%k 1 ho 5B 0300 B Y 4 4r 30 4~ 48 SHE

TERE FREE -8 S

o (%)= [WIEW2) ZWIT g0, ()
W1
Wi & 5E£€ (9
W2: ek EE (g)
W3: gE% 2 RiciilnE2 £ 8 (g

145 AOAC (1995)% i A 47 « 2 8E 0 5 4 10 %R s
(FHEL R AT > e S8 ¢ o B2 L Eris
4 ki geE > B30 100C# R B i 48 (Risen, RHD-903, Taipei,
Taiwan) %5z 0 #3244 % >+ 8§ & it % (ELF 11/14, Carbolite, Castleton,
England) # 12 525°C » & i* 8 /| PF o BB 4R >0 ic'E B9 4 4r30 4 4

BHE cF2gHRENHMY > E100C 7 £ b BHRICE R T ICE 8
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hs g % >4 # % (Corning, PC351, Lowell, MA, USA) F v # 2 3] &
AEBEL > T A FIEA Y L 525C 0 A 24 ] B Boyy
Ga B YRR Y LA 30 44 fﬁ‘_‘aﬁj_ufﬁ—’\ °
gl YA
B (%) = wxm% )
V- #5%£ % (g)

HHEE (g

Be2 g atisz 8Ed (9
3. ks 2R

1245 AOAC (1995)= 2 A 47 « 4£B~ 1 g GEYP & 2 g 3% *

Mojonnier #5753 B~ b 0 4o » 10 mlHClL (B 1 i F R K> 5 A2 @ o

N

Freoo 58) B w s 4R o - Mojonnier Pq A E B g B 3T T70°CoRiE
Faph b BT @A 30 A48 0 & 5 4 4845 & Mojonnier g 95
EPE o BEBEHD o e r HHO EIBIR AN > A 4r T 38 o 4o »
50ml P pIa3RE > FRERBRAK - BN IR LB
HREAGFLY 0 1T AR B AT 15ml b B (6 A Bk g AL 4
R B oA) FBed S0 A B T BT R A AT o AT HT B

B KB TR T M e RO A B iS  12 100C R R R IR
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# (Risen, RHD-903, Taipei, Taiwan)iz ' (.5 90 4 48) » B~48 3553 )
HAcR B 430 A4 fE B b -

ainz 2 (%)= wxloo% (3)
W: 52 (g

Wiisa 25552 £ (g)

Wo: &% 47550 E (g)

EIpacE e § T 22 (Micro-Kjeldahl method) 4 47 o M F & X
Pl g B&EE O ARBH LE P o e ERAMFER S F LGP
A wlbe ~ 1 RE) i 42 (FOSS, Hogands, Sweden) ~ 3-5 %/ % (boiling
stone) (FRH #F 1 th38 €40 X K> P A)Z 4o » 20ml sk Fnph (B i
BEROLGF AP 35 0 L) B dui § A2y (BUCHI,
Digestion Unit K-435, Switzerland) + > ¥ 400-450°C A4c & {7y i » @
0 TR A fRE % 5 Aifids (ammonium sulfate) > i i EARY LB F
% 1 &I % % (BUCHLI, Digestion Unit B-414, Switzerland) % c22 ¢ o
iR A AEF B DR SEP ARG B AL 20 A
480 & LT E A Bt r 40 ml FAK 0 M) F BN § A

(BUCHI, Digestion Unit B-314, Switzerland) * 4c » 70 ml 2. 40 %4 ¥
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A (B ERORRF U T AT L) BRI EE R

~

BG-MR 477 B2 f2jedgde e #47 & F e b AR E 160 ml > & 2
SOINHCI(B it FROA R F U270 375 S8 {17 iif TF

(BRAND, Biirette Digital I, Nertheim, Germany) j§ %> 1335k} 4= &

CESS AN SR S RS T F LS i
EE R
: ~V,)x0.0014 x NF
e (%)= A Z)XW “ T %100% (4)

Vii & &7 4 HCl ejF 2.8 (ml) o
Vo Z v @547 42 HCl (jf =& (ml) o
NF: ¥ f2#,c 625 (Fv F2 T5§ 7 & 5 16% > 7= 100/16 = 6.25) -
W &L g (g)-
0.0014: 48 % ** 1ml 2 0.1 NHCI % &
(#) GEYP Kz 2 -k fz % p| 2
#2345 Church et al. (1983) #7it 2. 0-phhaldialdehyde (OPA) 4 3k &
BBl ® o d AoRfREARY v B2 a-"%Ak (0- amino groups) # ¥7
o 3 RIE L OPA %2 B-mercaptoethanol ¥ -k f2 & 57 A& 24 -

%% (primary amines) &~ J& » 2 = l-alkylthio-2-alkylisoinole » ¢ it &
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£ 340 nm T s ZR X E o fFd iRl R -tk iR o SRR

SR ES B IORIERY R R 2 o MR 8- i AT 2
Bi-_p—"ﬁé’_ﬁﬁ: ’ I/’I—;‘ﬁ ?ﬁ‘ ﬁiﬁi}i o
F RN 4T
~_~CHO
| e + H.NR - HSCH-CH>OH
CHO
OPA B-Mercaptoethhanol
i SDS (pH 9.0)
SCH>CH>OH
.—"‘“-“ =
S - 2H-O
1-alkylthio-2-alkylisoinole (Spellman et al., 2003)

1.OPA 8 & 3alpefl (@ kst [ PR Rz E)

P25 mlz2 0.1 M » gk - 4 (disodium tetraborate decahydrate,
Merck, Darmstadt, Germany)~ 2.5 ml 2. 20 % -+ = = A Fificdp (sodium
dodecyl sulfate; SDS) (USB corporation Cleveland, OH, USA) ~ 1 ml Z
0.4% #8 ¥ = 7 2 (o-phthaldialdehyde; OPA ) (Merck, Darmstadt,
Germany ) f= 100 pl 2- & % ¢ fE  (2-mercaptoethanol, Merck,
Hohenbrunn, Germany) *t 4z ¢ T 557 » V3 g+ L2 E 1 50ml-

2.L-Leucine #-## & 52 % %
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=P~ 10 mg L-Leucine > ™ Z4 kKT &1 10 ml- ¢ & 7.63 mM
L-Leucine f i o £ 14 7 4k #f#13 > fe W = 0.12~0.23+0.50~0.69~0.92 ~
1.15~1.37 22 1.60 mM 2. L-Leucine ﬁr*}’? 7% o 11 OPA A& sk sk B2 P&

L-leucine ﬁ-—% 2o a-t=i kR 0 % W L-Leucine #:% 4& € & ("ifd%x- ) o

3. AT 2

etk el R 0 R S8 OPA R &8 F i it £ 340
nm T £k B 420 0.1-1.0 2 B o B~ 200 pl A3 R -2 2 ml OPA R &
WARIBIREL >N RE TR A YT LK/ RS BER
3+ (Spectrophotometer) (Thermo Electron Co., Ltd., Genesys 10, Waltham,
MA, USA) | Z 48 kfaig >t b & 340nm 2 &k & > d L-Leucine #
B8 MIEE-KfER? o= kR LT AN FE RS k2
Fo o e

h

DH (%) _ EXIOO/O (5)

h: 5 KjEfe P 3P %t dic, ¢ GEYP B % KfZ21T% {52 o-"=4 0

=k

0 4t L-leucine 8w R#7# 2 kB (mM) -
hot 5 % B AR R 30 B¢ viexgbi T GEYP £ £ (g
Ik g4k T fic 8.0 (meqv a-amino group/ g egg) (Novo Industri A/S,

1980c) -

52



ik Gl Y RILG b Fd AR e > B - BrRAR
B - Brags FRE b FO0RAMER > TV Faokd e

Borekiglc e FAEE 100g 35 TP 0 51 9800g A E - A Huk

ApTos 3 €5 1000 Flp 3B E R FY ot g dokdp i
e R AT

100 g 3-v ¢ et el fl £ 80.0/100 = 0.8 mole = 800 mmole
lg Fv B¢ agoefp&: 800 mmole /100 g protein = 8.0 (mmole

amino acid/ g protein) = 8.0 meqv ( @ -amino group/ protein)

(=) AFZ R
#-500 ml K f35 R RFCE 24 h 0 §ER AT o 38 24T
A% (%)= V0% (6)
W
W:GEYP £ & (g) -

W, :500ml kfFriciis2 €8 (g) e

LI T A A &
1. ‘}%"'ﬁ% DPPH (1, 1-diphenyl-2-picrylhydrazyl) p & 2 it #
%+ Shimada et al. (1992) 2. = % -

DPPH 5%} - Afe=@ + hp d > i ¥ 1 g 4 2 ehs
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oA LR AT T B RE VD A3 cDPPH Y B s %4 >
AL 517nm T F ek iE o FHREE G EFSNT S a4 o
DPPH :& & = DPPH, > ﬁ“vk%fﬁg =R vkﬁéfﬁ_@fﬁ ) %\»ﬁfir‘%-}%%
DPPH g o Zhénic 4 fagoptid o Riapliv S RIE RSG5 0 d A
e d AT AT T a4 0 ER g it 4 (Jaoand Ko, 2002 ) -
VAR P

P~ 0.8 ml -k f#/% > 4e » 378 fe % 0.2 ml 2. 1 mM DPPH (Sigma, St.
Louis, MO, USA) ¢ iz » 323 R E#F ¥ 30 485 > 517 nm 2 = %
B ook B4 l"&z\—rﬁw,ﬁ“f DPPH p o zic g3 o 39 ki3 H|
(e pg) B~ix 2% (DPPH ¢ @iak) HREM KN # &
B o e

B %100% (7)

, A
DPPH p gﬁ;’—% (%)= (1-
A S Ear ki
B: 79 &k

C: ¥ eorikid

2. B LBBIELENA

%+ Decker et al. (1990) z_ = ;= o

\-H?

bR o doFe” ACU T o B A A E L BEERS



d 24 2 (Gordon, 2001; Stohs and Bagchi, 1995)» |t % it #-* %8 £
B E D “f A R E R E 4R P o (Sherwin,
1990) - 1] * Fe'?# Ferrozine ¥ s # & Ferrozine-Fe™2 4§ & # » pLif &
PREES S BAL562nmT 7 B A KE o

Fe?+ Ferrozine — Ferrozine-Fe™ complex (violet)

FHRSEGEEBREIPF RN LE S R E M R L
TETRSEE TSEF RS ot 22 5P02ml FrRjRE{00.74
mlez 4 kiR & > 4v 220 ul 72 mM FeCl, (1R £ 1 $ 4R34 €44 > &
B> p &) o040 ple5mM ferrozine  (Sigma, St, Louis, MO, USA) > ¥+ P&
20202 ml AT KRB RORIER 0 26 B I RPN EA > AR
BAEE20404 0 @ T ORk/E SRR B AR ES562 nmT B H
K o 2T NNTE EBHLBRT LA o

ERTmETEL L ()= 0-2 D00 ®)

C: ¥ ook id

3. ;B4
%‘,‘Q;‘; Wu et al. (2003) 2.3 20 fﬁ (=80 X AR I E - AR - W |
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(Fo§ i &) #Fe /ferricyanideit & 4B & = 4873558 (ferrous form) o
BEkAhn B oFe B R LA Fe™2 AT 443 i 4 0 LT &
Y+ L BFe”F g4 &% &1 (prussian blue) » ¥ & 4 & At £ 700
nm™ ;B E 1 BIFe’ )k B (Ferreira et al., 2007) » v 3k & A% &7 0
ReENB R4 oo BRIy 4 2 A RLRREF P
(peroxide) z it # »@ F F|FLF L iT* o B 453 % L I mlkfERE I ml
0.2 MEsRL % B3 % (pH6.6) iR & » Bife ¥ 73 % 5 02M Bife - &
4 (NaH,POy) 22 02M #ift & - 4 (NayHPOs) (Hh F 1 £:0 ¢
Ao AR poA) el Ao L 4o x I mlen] %dh§ it 49 (KsFe(CN)g) (%
LB AL P A) R A EAS50CT F RB204 450 & F 4 ~ ]
ml=710 % TCA (Trichoroacetic acid)(Merck, Darmstdt, Germany) o ~0.5
ml b ehF BR &% 205mld 33 kR S 5 40~ 0.1 mleh0.1 %= %
g (FeCl)(§ 4 SRt Ak » <1 f &) &% 7 8 %/% o %4

KEEFARETOO nim TR E Hmk{E o 70 Boud @I oRBNZ F

E

it 4 o
4. 5 pd i f(r”/?
%% Sakanaka et al. (2006) 2- = j2 o pt 2 22 RIZ S - BB &

WE i d ppHIA4F R4 24 % pd &% X4k B (Fenton reaction):
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Fe” +H,0, — Fe'"+OH + + OH

EHESPEF A AERBEL TP R F A o
(malondialdehyde; MDA):
2-deoxyribose + + OH — MDA

B fs 4 TCA ¥ F > £ 1% MDA &% v L RFERF KL =
TBARS 2. /= d > ) AF Ak £ 520 nm T £ § B A kB > F 4k
P LG EF P AL R E K H 2 5 045 ml 2 0.2
M Eipadp ¥ ®3% (pH7.4) ¥ 0.15 ml 10 mM 2-% % %5 p%5 (ICN
Biomelcals Inc, Ohio, U.S.A)/2 & » £ 4 >~ 0.15 ml % 10 mM
FeSO,-EDTA i £ % ~ 0.525 ml 3 &3 -k 0.075 ml "k jRziR £323
(e 0.75ml 2 335 KB~ -KfER)e 4 » 0.15ml 10mM 3 *
E (Rt BHS g pA) REDS (TF DSBS £37C
RiFTE R4S r 0.75ml 2.8 % TCA ¥ 0k F &0 4 > 0.75 ml
e 1.0 % 2. 2-Fai* ¥ b fé (2-thiobarbituric acid; TBA) (Steinheim,
Germany, Sigma) > J*78 & 4 $ 10 & 48s » MARFAF 10 248 o £

FrsREEZARAE S20nm B R H A GRET A 0 SN 4T

A-B

o )x100% 9)

P pdAFpad (=0~
A S Eari ki

B: 26 wonrkiE
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C: ¥ v kg

I~ B4% £ 22 (Chenetal., 1956)

—

L s #petl

AT

T

Mt

BOH-L6 % At I RBRREDYETLE A

TR
,

fefl o A RE A % 0.42 % ammonium molybdate (Riedel-dehaén,
sigma-aldrich, GmbH) ;% ** 1 N H,SO4 (J.T. Baker, USA)> @ B & = %
10 % ascorbic acid (Sigma, St, Louis, MO, USA) - # R 32 3 {1 *
ammonium molybdate £ #:3; = (NH4),HPO;-6Mo0,0,4,-2H,0 » £ 12
ascorbic acid B = 4 » Ak & 820 nm mup|H rx kK E o
2. WEHRES2Z IR

12 KHoPO, (5 4 # 4k 420 < K> p &) 538 5.5 B~ 87874
g KH,PO, 5 105C 4 2 /) B » 12 2 4t -k fie 8l 1-4 ppm KH,PO, 73 7% -
A w B b bR A 300 ul 4 ~ 700l R4 RIR L3593 53 45°C ok
TR R 20 £4a 0 B~ T u g £ 820 nm Pk kB o Bk Gk
BEHER B FIHRE SR E R Aot T o
3. &7 2

Belg KfEF 2 4me > B30 600C A ftype A iv o it {88305

FEP L grode » Sml 6 NHCl (J. T. Backer' USA) & B A pe (J.
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T. Backer, USA) > & f 44 B F 4o A & = 2% f# > ¥ 12 Whatman
no.l jg gt TLEA? LA 4rid 3 F3 K LE T 100 ml > A
2 & (FFE 5,000 %) > @Rz £ & 1-4ppm Rl o P~ 300 pl @

A b R R SR R b ~ 700 pl & 4

ks B2 g EO820 nm B E vx

Ak R -

¥

7Y

iT%

SE O s S22 %A

(=) %F J& k sidk T R

¢

AR LR gk

) B

(polyethersulfone spiral-wound membra

USA ) ® 4 » MR FF #okidin i

% 2 A3 B

-

GE %3 $ s i

A (%) 4 45C KT R & 20

»/J-

 HRARE Y SR

3R

(molecular weight cut-off) # ;%%

ne; Osmonics Inc., Minnesota

b KN BoKfRR ikt

-~

v RGO KRR AR Y Dk ROV EA G T S
] A R R R T S iR 0 B R E R A R PR R
W 2+ RIF AR 0 S REEIR o PR IRTR AR ETR IR B
Ay ARG MR ARG b T N LR O R B o
oo ML EFRITHET 0 FRIPIRGFL F AR > EIR T D
Mg o MR A R e a3 AR 0 B e~ - D
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W R FRITIEY o B A FALD o ARk ¥ BB EMER 2 B
RA ek (200 ml) i (7 iptT o
(Z) B A%

* 2% %% Chiangetal. (1999) 2. 3 /2 ¥ @i 4F » & MHI2h & &
WER e AT EUE 30k 10k~ 1k £2 0.15 kDa s 5ot (7
%A (4cBl 4 )eH £ #-MHI2h 5 30 kDa MWCO jjh %8 i > 1< & 30 kDa
2 k&gt o @ 30kDa 2 jgi% ¥ ¥ 4 10 kDaMWCO "2 » fc 10
kDa 2_ jk 5i% » £ #- 10 kDa 2 ji% 2 1 kDa MWCO g i i i 7]k

Sgie &gt o e fk 1kDa Jk¥gik @ B g 12 0.15 kDaMWCO g

AB BT B R R K,ért % ¥7 7% (high-performance
size-exclusion chromatography)’ v* = ;2 f 32 5 423503 PRk F ehs /] A 3
M2 A+ R A5 o d WP P DRI KGRI TR
STl A o 1 P IRGRGEEE P DRI o R A S R E R e P
SAFEFENFEBE S A NGRS E F R I ?‘i'}#?}ﬁl"-"’
VUG A ) A 3 F SR N R P o fr g P e Y

PERHRE b RS S]A AT s TEL oA e S (ERA
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MHI12 h

|

30 kDa MWCO membrane

A 4

30 kDa concentrate

l

30 kDa permeate

.

10 kDa MWCO membrane

A 4

l

10 kDa concentrate

10 kDa permeate

.

1kDa MWCO membrane

A 4

1 kDa concentrate

|
l

1 kDa permeate

'

0.15 kDa MWCO membrane

v

y

0.15 kDa concentrate 0.15 kDa permeate

Bt -~ //,ﬁng:?\f A ﬁhﬁirﬁ:] °

Fig. 9. The flowsheet of membranes separation.
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b F A S

N
|

T A3 o %% Chiangetal. (1999) 2. =2 » 1% F stk 4p
17 KRB 7 A 47
1 R g 4 L

#- GEYP ~ MH12h & %% & $ )k & 33 & 3 40 mg/ml hydrolysates >
2SR 2081002022 pm 5B E (Testhigh syringe filter
SENY013022, diameter: 13 mm, Testhigh Tresding Crop.) B /g {s % * o
& 2 % cytochrome ¢~ Vitamin By, ~ aprotonin ~ (Glycine); ¥2 Glycine
W Fp >t Sigma, Missouri, USA - # &+ & & % 5 12,588 ~ 6,512 ~
1,355~ 189 2 75 Da » #-F i 7 iR o -Rarpe®is > 11022 p
m FEF BT ERA T o
2. &A1 2

B 20 pl R e dN R 2 503~ B o 4R & 45 kR (HP 1100 Series HPLC,
Hewlett Packard, Waldbronn, Germany) > fiz % QuatPump (G1311A,
Hewlett Packard, Waldbronn, Germany) £ % # k& p] B (G1314A,
Hewlett Packard, Tokyo, Japan) - HPLC 4 7 if i 4o #7if
# # 4p: 20 mM phosphate buffer (0.15 M NaCl, pH 7.2) -

# 158 2] Superdex TM peptide 10/200 GL (GE Healthcare, Uppsala,

Sweden) o
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¥ H AR (column size): 300 mm x10mm -
L B:20ul o

it 0 0.5 ml/min °

Pl £ 214 nm o

RS2 FTEREREL 2 TRV TR REDLSFTEL T o

N~ Bl RS oA A T
v A 452 B R R

FU* ph-kfziz > P~ 20mg KfEF A fRE P 5 4or 1.5ml 3 g
ko4 15 ml EBEE  RES  HPAEE (o /kEP ks T #

=
B

Lo Y
~ F

ERAEFEAL S Bt BRERN L10C 0 24 [ FF 0 4
fre to B A fEE o X 30ml 2 3+ Rk A E ¢ 2 0% Sintered glass
filter #@jg 4 *5 > & * 3 B3 ki PR RIESES & dc (45C)0 4 1 ml
2 kS o Eae (PORA R £ pH22 BB R TR 3
10ml» gt 02 B3 RAFR 10 B B P2 RSk 7 iRl e T A 1
fT# o
2. Dabsyl-Cl #72 it & 45 i

* 5% %+ Knecht and Chang (1986) 22 % % 4 » 2002 #rifz =

& oo pt A v 3k 2 RIZ L Dabsyl-Cl & pH8.5-9.0 » 72 Cenfki ™ €
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By b eng el 5 i 4 = Dabsyl amino acid ¢t AT A F At K

436 nm T Eox v kim0 fhd (Rl A2 Bl Rk £ o

O | e

Dabsyl-Cl l amino acid

13Dy g

Dabsyl amino acid Lin and Wang (1980)

I3kt
(1)Dabsyl-Cl i=# & @ # (4 mM Dabsyl-Cl)

B~ (0.0065 g Dabsyl-Cl (4- dimethylaminoazobenzene- 4’-sulfonyl
chloride, Merck, Darmstadt, Germany) ;% * Sml ¥ ¥ % (acetonitrite) °
(2) Bipka 4 ¥ &% % (100 NaHCO; buffer, pH8.3)

P~42gNaHCO;» i3 * 4 g+ k& 28 1 500ml> 7 1 NHCI % 1
N NaOH #* & 1 pH83 -

(3) FApL % =% (50 mM Na,HPO, buffer, pH7.0)

B~ 3.55 g Na,HPO, i3 >+3 3+ -k ¥ =& 2 500ml> 2 1 NHCI 2 1

NNaOH # & 2 pH 7.0 » B~ 100 ml Bifs B 3 i & 4c » 100 ml & -KJF)

H#(99.5%) fFit -
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(4) % 4% N, N-dimethyl formanide 2 fif a4 % % ( 25 mM
CH;COONa buffer > pH 6.5)

P~ 2.0508 g CH3;COONa - #v » 40 ml N, N-dimethyl formanide - P~

4.4
(4‘*}

k

\““ﬂ

2 A4 Z 1L># 2 INHCI # 1 NNaOH # & % pH 6.5> 2 0.45

ﬂ
@m

pum 18 s i g o

. "epkphfim 2 it 4 3

(1) P~ 25 pl fFrff 4k =2 "= A pa 8% % (Sigma, St. Louis, USA) > 4r »
25l 2 3+ -k ~ 50 59100 mM NaHCO; ¥ #% 7% % 200ul <74 mM
Dabsyl-Cl (Merck, Darmstadt, Germany) ##] » 323 2 & {3 72°C T -k
/& 15 min o

(2) kit s > 4v x> 700 57 NaHPO4 % %R £323 > 02 0.22ul 4-5F 3%
/& % (Testhigh syringe filter SFNY013022, diameter: 13 mm, Testhigh
Tresding Crop.) &g °

(3) B~20ul F it i@ g {6 etk &4 % 72~ HPLC (HP 1100 Series HPLC,
Hewlett Packard, Waldbronn, Germany) % 34 47 o

3.6 3705 %

#4273 5L (column type): LiChrospher® 100 RP-18¢ (5 pm) (Merck,

Darmstadt, Germany)
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¥ H AR (column size): 250 mm x 4 mm

# #>4p (mobile phase):

A: 7 4% N, N-dimethyl formanide 2 fif e 4h % % (25 mM
CH;COONa buffer > pH 6.5) °

B: § ¥ '% (acetonitrile; CH;CN) -

¥ & (gradient) :

Time (min) A (%) B (%)
0 85 15
20 60 40
32 30 70
34 30 70
36 85 15

# #4p ik 1 ml/min o

Woplk & 436 nm o
eI E:20ul o

PP Fov T 2AREL A W] S PEA v AL o B EgoR AR
Q-8 - & F i Dabsyl-Cli##l 74 16 2 24 &4 & 436 nm 7 &
AR kB2 Ao AR A SRR R E G F o 2T R
Pl * AR E AT AT AN R AORAR ) FIRARDTFTRER 2 B o
FRIpth s R pl od § P B 2R el BL Uit BB > L D B R

Feeniz B o R FRL R ORARZ LR F R G R ORA R
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By ARARBOELF I o AT AR
~— i A A EL 0 _ A

E*Ztl‘ﬁjg‘ﬁ L (A))— EXIOO% (10)
Ar HR &Y PRLVRIFL L B R -

B: 4857 SRRk il B A -

1~ Pt

AEEF AT tE 2 B Bcdp 1t SAS (statistical analysis system,
Version 9.0) uzt 2 2ficf L = >4 #53% 3+ (completely randomized
design; CRD) #7447 » & * B¥ < § ¥ % 2 (Duncan’s New

Multiple Range Test, MRT ) ‘“ i & &2 %2 T aE 2 B eni R B F I o
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ik
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BT\ %
it
-§$

- ~GEYP £ &= 2 247
AT RGEREE KPR L GEYP HEl % v ¢ i e
A B ARG RE R TA PR M (Fh 0 R R drd = 0 45 E 2 A

AR GRA R B E R A 49 %8 32 %o R FE B RMG

S

1741 %> A & 7 £ 1.7%- 350 73 3% 18 #r8 & en GEYP 2. 7 %582 K
A RFAVEFE M (p<0.05) 0 A BT K 28.9 % 34.02% 0 K
30 F 5 B PBH 4 5 78.83 % (p<0.05) 0 A A H e 2.28 % o

MEFF EHIF 2 AR R A S (5 F16% 5931 % kA 49
% » A & 1.7 2 FE5E:0.6 %) (Standelman, 1973) i » ¥ @ * <~ £ B o
d Pir RS AT R e RS PRER T K 9 GEYP g% 2

FATF 0 o g - A Rk e M AR B R

BB S TR LA R0 A F 0 B A P BRR

TR AR PR BRI E P o K B R PR 0 X2 R

Fi oadrempfzia 4 o ¢ A RMEIB B Foaup e Lo
7 4 sl PR B TR S I e s Rl Y
PR A RIS (FR 0 2006) 0 Fp @ R L FEE T B U2 S PR SR Y

fE% R AGFF ¢ g atE I o B IEARY KA E MR FIT S
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%z ~#g%F 2 GEYPZ LA a0
Table 3. The proximate composition of goose egg yolk and crude goose egg
yolk protein

Composition Goose egg yolk' Goose egg yolk protein'”
Protein (%) 17.41+0.09° 78.8340.00°
Moisture (%) 49.37+0.12° 15.35+0.04°
Fat (%) 32.7142.46 3.81+0.04°
Ash (%) 1.70+0.02° 3.98+0.01°

'Data are the mean + SD of three replicates. *° Means with different
letters in the same row are significantly different (p<0.05) by Duncan’s
multiple range test.

’Goose egg yolk protein (GEYP) were prepared from goose egg yolk
defatted by ethanol and hexane.
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A v e B B (unfolding) ke & an kA o #4805 A o
Ba#s -k % & (Hoyle and Merritt, 1994) > "f 2t GEYP &4 kb iz
FheBgpk Sl A BT 3R BB A kAR £ T
Ao Flamigie kA 7 & S M dpt v Fiea s 285 4

B

= ~ GEYP kR if #t #£34
(-) REFAFTERZFS

Bt 57 k22 GEYP RSy Kigd B B i
Alcalase ¥? Flavourzyme i 2 kR ' 2 5% &% F kR 9 GEYP (5 »
8 22 10% w/w protein) » 42455 i pH B4 W] 5 8.5 £ 7.0 5 3% 50°C -k f2

8h» EHPGE LR LT KIAR AT IER » AR N

é

FIRBRfEFE - 2 n ATRRBGE £ 5 vkfRr oo B % 4
7+ o Alcalase %5 %27 8% GEYP +* 10 % GEYP 2. "kf2% % > @ 2 5%
22 8% GEYP FFH - kfaF mig ¥ £ B (p>0.05) - Flavourzyme # 5 %%
8% GEYP b & ™ » K2z AEFH 4 » 0 1975 %H T 22% > #hn &
#B kR 110 %GEYP Pk g RIP &% 3 20.53 % (p<0.05) > % =
Flavourzyme # 8 % GEYP st 3£ B -k fgs > M ER FGf &

Flavourzyme & 7 -k f# F & o
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B Alcalase O Flavourzyme
25 1 a
C b

8 10
GEYP concentration (%)

Bl ~ 2 k%2 GEYP R R H Ky kg i 8 -

Fig. 10. Effect of different enzymes and goose egg yolk protein (GEYP)
concentration on degree of hydrolysis (DH) of hydrolysates. The
hydrolysis of GEYP by 5% enzyme for 8§ h. Data are the mean + SD of
three replicates. *° Means with different letters in the same enzyme are
significantly different (p<0.05) by Duncan’s multiple range test.
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Alder-Nissen (1986) ™ Alcalcase "k 37 F kR e+ B8 v (&
) FAAFTER S RESFPORE > 2% % R Alcalase f+ *F 2% +
E F-v 2ok RS g A F % 1t o Tucker and Woods (1995) 45 41 % #77
SR A RN A A T T e KRR i ¢ % BT
Fle g ATERREOR T4 r L FPRF » F REFLF €5
Z_3#f 4v ° Vaithanomsat and Punysawon (2008) 14 Alcalase 'K f# Eri silk
pupae & * % Ik & e Pupae ¥~ B 0§ v WAFTIER 0-4.6 %pF >

KREEF R TERH Sca B F R0 FRATER S 46-114%

8

KfESF F @ E e PR AREE% @  Flavourzyme > H KR 3 F

ATERDIER > 5 LM AES AR > A Alcalase &5 % 8 %

GEYP P » # kjak v @B ¥ 4% > & 10% GEYP k2 ' i - 1344
TR EAFERORATIRR Y 5 8% (in w/w protein) > ¥ 2 2 {5 % &
KfEE A TR Bt § opE R kR -

(Z) REFERERZFT

Bl - 7 Alcalase (a) # Flavourzyme (b) k& &2 -k f2 P& B 4
GEYP "k & 5 2_ 3258 % % &1 Alcalase ¥ Flavourzyme ¥ GEYP =k
FAF YT FPEEZERE LEEREMAvn + 2 29 (B-+ - a)

Alcalase’ % -k % GEYP 478 O0-1h> B -RfgZ P F 2> m A 10h {8 >
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—>—10% —a—7.50% —=— 5% —e— 1.25%Alcalase
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15

DH(%)
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Hydrolysis time (h)

—>x—10% —a— 7.50% —a— 5% —e— 1.25%Flavourzyme
60 -

50 -
a /
40

30 -

DH (%9

| a
10 | P

q

o
N
N
o)}
[od]
—
=)
—
N

Hydrolysis time (h)

Bl-- - -~ Alcalase (a)¥? Flavourzyme (b) & & &2 -Kf2pF & 4+ GEYP -k f2
P2 KfRF 2B

Fig. 11. Effect of (a) Alcalase and (b) Flavourzyme concentration and
hydrolysis time on degree of hydrolysis of goose egg yolk protein (GEYP)
hydrolysates. Data are the meantSD of three replicates. ** Means with
different letters in the same hydrolysis time are significantly different
(p<0.05) by Duncan’s multiple range test.
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BoRjFbrAge T8 o BEHA S 0 AR KRR T - KjEF o ig
FHALR 4% 0D 10 %E 7.5% Alcalase 2 -k f#d &tp i > &
BEALBR (p>005)° 2 &% X4 5% EHR 7.5% Alcalase
Flavourzyme (4-B]-+ - b) Ap#*t Alcalase 7K fZ# 4 > Flavourzyme
FUKEFEF ORI RE R W 4 0 R A KR GEYP 12 h 8 > H -k
Ry 2 ¥ aAR¥ 2 g o 587 Alcalase vk fE%4p o
# i 15 Flavourzyme f%¥ % )k B £ 2 Alcalase 4p 5 GEYP k& 7.5
Yoo KfRPFIE f & > R fv 59 M3 [ eniiiiE s randiep g ¥ 0 KR
igﬁﬁijﬂo%ﬁ’MwMeﬁﬂGﬁTmhﬁ’ﬁﬁﬁiﬁﬁg
o A r K fBF BT i ) 67 - Mutilangi etal. (1995) 47 81 24 7%
PR s AT BN A P e (T ¢ RS F i F o Adler-Nissen
(1986) 4p 1 » kg ensifse Pt 2 RR I LAPM > FRFEATER

ER ok TV REE BT Y 2T

T=H
ke

S AR i?."rz’t"*’l%ﬁﬂ\
FRiHFED e, FREE2ER M % "ﬁft'\?‘&fﬁ?% Rr gt dg o Y
ErEMORRT, ERERER SR 0L AMTIRBKFEES > F @ H A

4 & A& oLietal (2010) 445 % Ik & Alcalase 3% 3o -k 2 5 2

1.3

PE FHI A RRMRBRERS 2k EFop P %

LT AP ORfERERT O CEFMARR R KEIELHF 0 LR
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KB E G ALE K fRF e frprehl o H ok

() A fe-kjRix

W
Ly

P ERERA -
T 7 fe fE R H k1R B2 pHE2Z B
-
Lokfas
WL idrmie kEETHkEsF2 B2 4 pH B2 %
it o R &% %2 (Mix) #_Alcalase £ Flavourzyme 4 1:1 v 552 & » =
W E L T.5%A w4 8% GEYP k2 12 he B+ = (a) &% 5 1
Mix 2 -KjgF b pEZ H P 7Kg Fr ok a5 3§ - = 5 k2
EK RS2 REF TR F KR & A H e 0 F 0 Alcalase 2 i
Ki2 10 h 2 5 K3 FABIT3 T8 2 ¢ o Adple FORfEFERF T »
Flavourzyme -k f2 4h 2 15> H R j25 4 3 " Alcalasec B+ = (b) #
TR AoKfEO04h PR pH @I 64 2 pHEY &
Fi 6264 2 FF
Chang et al., 2007 2 Alcalase
fROT1E 2 K fRd AR

41 +

Flavourzyme #-7¢ 5 %= 3-v & {7-K
Fl

vourzyme Z_

K fzz % % Alcalase °
L %] Alcalase > A *7 347X fiF (endopeptidase)

Flavourzyme #_- #&
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a —a— Alcalase —a— Flavourzyme

Hydrolysis time (h)

- -A-- Alcalase —0O- — Flavourzyme --o- - Mix
9.0 r
]
\
\
\
2 80
[s7] ‘\
1
1
1}
7.0 &
R
Boge .
\—cHi;‘:‘:*‘Q:if:;;”’j’i,”.ﬁ,,‘i::::ﬂ&jjowfo
o =o---0
6.0 : :
0 2 4 6

Hydrolysis time (h)

Bl = 7 Rk KRR R GEYP ks kjzd 2 P = #
pH @2 % i (b)-

Fig. 12. Effect of different enzyme and hydrolysis time on degree of
hydrolysis (a) and pH value (b) of GEYP hydrolysates. The hydrolysis of
8 %GEYP with 7.5 % enzyme [Alcalase, Flavourzyme, and Mix
(Alcalase:Flavourzyme=1:1)] for 12 hat 50°'C. The initial pH of Alcalase,
Flavourzyme, and Mix respectively are 8.5, 7.0, and 8.5. Data are the
mean £ SD of triplicates. “° Means with different letters in the same

hydrolysis time are significantly different (p<0.05) by Duncan’s multiple
range test.
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z 3 M7 (endo—) £ ¢h*ritP<fs (exopeptidase) =4 & MLfFEF& o P 7
RN PR TR F E RN SN R Y 2
f2 0 23R L2 E Aok fE4~ 8 pHS.S ek BB T > if & Alcalase ¥
FRA L TR FAPRIYALS T oA FpHTHL 702+ 8

Flavourzyme &% » ¥ -9 Al 40 3 & f& 5 { ] cd PR il fgg » F]pt

AR KRR R AR R T TR R BB A
pH » K8 B2 X * fh 2 bk 24 & pH - Aspmo et al. (2005) % 47 7
F 3-v f*r e 3% ) 3-v f* - Alcalase ~ Neutrase ~ Papain &2 Protamex ~
supermix & Actinidin ¥ -k f#24£ 4 (cod) P %o HRfEF RA R0
kipR Y BE TR KA pH B R T BE R BT RfES B 240
WE > pH P E & 6569 2 o Fov Fevkfaicr drgF 3+ (H)
ff & #2 % ¥ (Sorensen et al., 1908 ) - k25 Jud) & pH § :x % > %
7 pH 5-6 £ TN EEEF R L4330 0o pH MO
3.1-3.6 FF > 3t Az - e LR Y gl e 2 BT 0L o FORfRITH
PETEET T E - By EOVEEEET 051 By EOFF

T pH Peid H 4vodp & ey FRFRIT Y 2 W7 38 (7T opH B 3t 7.5-7.8

™
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(25°C ) B o2 L b+ i@ A% >R &Yy
- B Rk A gD 0.5-1 B E0F S o @A pH K
(Alder-Nissen, 1986) c ik * = At %2 (7 -Kf32F BRY T
Alcalase ~ Flavourzyme ¥ Mix 2_ 424> pH 4 %] 7 85~7.0 22 85> &k
fRA=Hp 9Tk B VD A R DR T 0 0 IR A A R 1
ToRfREY S A4 Fpt pH P T > A § KfERBE pH X 6
e PRI EEEFEY EApS ) e P pH EARF T -
d ** Flavourzyme £ Mix 'k GEYP 12h> H kjzF iv X 5 2%

Z TG Fp B B FERF R SRR (0.5h) AT 00548~

12h A BB~ 10 K2R 7 159 Sk ehA $5F00t o

= “GEYP #uf Mok fad et g Erz 1 Bp2 ik

5 i GEYP -k fZi% & 2 $£3F > 12 7.5 % Alcalase ~ 7.5 % Mix
(Alclalase:Flavourzyme =1:1) ** 50°C » pH8.5 -k # 8 %GEYP (w/w of
protein) 7 BREFAFEL (0~0.5-4~8 2 12h) i& 7544 » 17 5| GEYP
‘K24 > Alcalase 'K j% 0-12 h » %] & 3] AHOh ~ AHO.5h ~ AH4h ~ AH8h
22 AH12h; Mix "k % 0-12h 4 %] {¥ 3] MHOh ~ MHO0.5h ~ MH4h ~ MH8h
22 MH12h; Flavourzyme -k f# 0-12h 4 %[ {¥ 3] FHOh ~ FHO.5h ~ MH4h ~

MHSh 2 MHI2h 2 -k jg&4 » 2 u]ie 7 & Ffednd 12 A5 8 2%
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—o— Alcalase —=— Flavoruzyme —— Mix
80

a,B

Yield (%)

4 6. 8
Hydrolysis time (h)

Bz~ FEifAgE LEPFFHE GEYP kfEf 2 52 258 -

Fig. 13. Effect of enzymes and hydrolysis time on yield of various
hydrolysates prepared from GEYP. The hydrolysis of 8 %GEYP with 7.5
% enzyme [Alcalase, Flavourzyme, and Mix (Alcalase:Flavourzyme=1:1)]
for 12 h at 50°C. The initial pH of Alcalase, Flavourzyme, and Mix
respectively are 8.5, 7.0, and 8.5. Data are the mean + SD of triplicates.
¢ Means with different letters in the same hydrolysis time are
significantly different (p<0.05) by Duncan’s multiple range test. “*
Means with different letters in the same enzyme are significantly different
(p<0.05) by Duncan’s multiple range test.
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AR AN E S o APHDAFREF RBFER A A o T2
Pt E 2 ASEF KGR A RS c 2B () A REEZEL
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%ﬁgﬂﬁk$ﬁﬂHWHsEJgﬁ”$4825%’#ﬂ$%85pmnBHT,ﬁpgﬁ
23%’1§%$¢ﬂﬂ%%DWH@é%ﬁﬁ*ﬁ%%ﬁ%@(p
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[] Alcalase [] Flavourzyme Mix

100 60
=
T % a,A A 9 A
i:‘ | a,B -I-d_i_
= 80 _:E
S 7 | b,A -
ol | | | T : F
Eﬁ €0 [,#" e . fiIE; {_ % 7, T;j _
O . Bl O /1 ‘= B
> 50t oC i [Fp ' % s g
Z W 0 / =
5 a, x A 1 % %
: .
= 0 %
E .
ﬂ 1
HT 0 05 4 8 12 0 05 4 8 12 0 05 4 8 12
DH 0 7 13 17 20 0 4 19 26 38 0 9 24 36 53

%]—L ® oK fRPER R A% E S5 ¥ GEYP -k f21- 2. DPPH g ¢ A fsb

ZBHT § £2 %5 - FR47m BHT § £
Flg. 14. Effect of hydrolys1s time and enzymes on DPPH radical
scavenging activity and BHT (butylated hydroxytoluene) equivalent of the
hydrolysates prepared from GEYP. Solid lines were BHT equivalents.
Data are the mean + SD of triplicates. The hydrolysis of 8 %GEYP with
7.5 % enzyme [Alcalase, Flavourzyme, and Mix
(Alcalase:Flavourzyme=1:1)] for 12 h at 50°C. The initial pH of
Alcalase, Flavourzyme, and Mix respectively are 8.5, 7.0, and 8.5. *°
Means with different letters in the same time are significantly different (p
<0.05) by Duncan’s multiple range test. " Means with different letters
in the same enzyme are significantly different (p <0.05) by Duncan’s
multiple range test.
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Fig. 15. Effect of Hydrolysis time and enzymes on ferrous ion chelating
activity and EDTA (ethylenedinitrilo tetraacetic acid) equivalents of the
hydrolysates prepared from goose egg yolk protein. Solid lines were
EDTA equivalents. The hydrolysis of 8 %GEYP with 7.5 % enzyme
[Alcalase, Flavourzyme, and Mix (Alcalase:Flavourzyme=1:1)] for 12 h at
50°C. The initial pH of Alcalase, Flavourzyme, and Mix respectively are
8.5, 7.0, and 8.5. Data are the mean + SD of triplicates. *° Means with
different letters in the same hydrolysis time are significantly different (p
<0.05) by Duncan’s multiple range test. ** Means with different letters in
the same enzyme are significantly different (p <0.05) by Duncan’s
multiple range test.
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Fig. 16. Relationship between ferrous ion chelating activity and DH of the
hydrolysates prepared from goose egg yolk protein.

87



50885 % B BEapR o ¥ i R F5 v R FORRERY o B Ee0
Fo airsgbokfE o kB4 Sk (COO) > d 31§ §Fa
51 i A A irrk e A (COO) ©iFe’ %8 » a2 RHF g
Bag+ (Dong et al., 2008) - Fut K25 f 8 kR DL BT £ L
4 gz 3 4v o Saiga et al. (2003) 4 {1 FedpF B AT L p ALK
TR N I O AR e N o U EX R RO N Y AN S RS
PR A B R A 2 Y AR A R T

R F A P F 7 Glus Asp2LysE o ipap vk pldd b vl g g AL

FREE AU T v @A A BRS aEr fnf e
Murase et al. (1993) % 5 Hist 2 imidazole group % Ba ot &

T > ek d R pehle X E HA T L EREEN A T M o =

EEEE KRR LN A LR > TR B R = M (ERE
2007) -

S FARM T i BEE RGN LR R E AT o B el

I Frid fechg 14 18 (Marcuse, 1962) > d T EAR R 8 & kY o G

- R SR Y S £ RS > E IR vy (R

1995) « ffiedee 2 447 orrkd o BARATEGlufEd A 5 A

(intermolecular iron bridging) 77} = #4833+ # & (Baumy and Brule,
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1988; Kim et al., 2007) o o ** 3% &9 ¥ 73 L5 iy (3>
1986) » ¥ i ffit

SR FREARY kBRI 0 LEAERR G B £ D

FETEr o ARBRHKPH KRR Y B R ARk iER Y BB S
BoBHAMR BHN LB Ll RE S

IH
\rn
P
e

SREFKBREF LA R (ede) RS

re

ki 2 S

Il

o]
ik

y

g £ 3 4v ko § 7 :£39 mg/ml > R A Flavourzyme & & -K & pF v 57
PR ERE o RHFLLTEET S RM T AT LR B0

h@p‘_—a— Rk a}g}%‘r’ﬂﬁ* RfE =L

PR e A AL

=5

Loz ok LR T E K ﬁ;gﬁ]—?ﬁg%cr‘ﬁ i‘a

‘v > MMHI2hZ2 Bt 3 £ 5% (52.7 mg/ml) > &7 B4 3R #-4 BHdr

FHCE Y PN G R T A HGEYPK AR K £ T AR i 4 o

G

3. ERA4 20 R

Bl -~ S kfapFR 2 24 44 GEYP kf25 R R 4 v BHT 3§

|l

LR B Y4 ¢ B4 e A

» H vz sk
5 0.2-03 5 48 % ** 10-19 ppm BHT » -k j& {4 %% cvk fade 2 1B f 4
% &= > 2 MHI2h B8 =k m3f 0.6 > 4p % > 55ppm BHT § & -
efEE B R A B FRERERA 2, P Alcalase -k 3
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#w ~ GEYPkjz4 ¥ Bpichz £
Table 4. Total phosphorus content of GEYP hydrolysates using different
enzymes

Hydrolysis time Phosphorus ( mg/ml )’
(h) Alcalase Flavourzyme Mix
0 14.37+0.46*C 15.06+0.32%P 14.37+0.46™¢
0.5 14.88+1.35C 11.35+0.53>P 16.31+0.65C
4 17.50+0.87%8 12.37+0.13%€ 21.03+0.61*€
8 20.23+0.00%* 14.78+1.47%8 37.30+2.34%B
12 21.50+0.95>* 19.57+0.63%* 52.70+6.19%*

"The hydrolysis of 8 %GEYP with 7.5 % enzyme [Alcalase, Flavourzyme, and Mix
(Alcalase:Flavourzyme=1:1)] for 12 h at 50°C. The initial pH of Alcalase,
Flavourzyme, and Mix respectively are 8.5, 7.0, and 8.5. Data are the mean + SD of
Duplicates. *“ Means with different letters in the same time are significantly
different (p<0.05) by Duncan’s multiple range test. " Means with different letters
in the same enzyme are significantly different (p<<0.05) by Duncan’s multiple range
test.
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0-12h d 183 % 41 ppm BHT % £ > Flavourzymed 113 1 38 ppm BHT

Ik

¥ % 0 @ Mixied 20 ppm3§ 2 55 ppm BHT » Mix -k f20-8 hpFhg % -k
FRRER B R FRER LA a2 BE EHFDLE (p>0.05) >
BB R+ 5B L9065 4% 35487 ppm BHT ¢ tdp e K2R T > 1%
F 4 riMix 2 < ** AlcalasefrFlavourzyme & o

v F RO Y B M RAa ke 43
Wk FUORAR o AREFIZRAEZ O T+ ERZ UL
Ak B o ok pierpd A& & (Eliasetal, 2008) > Sakanaka et
al. (2004) 45 N H IR Fv FORIES RE Rv FORARR LR E
B r F R TR penp 10 0 RN AT B bed kR e
M5 58 o Flt GEYP (5% % K215 8 A 4 3 4 - Thiansilakul et al. (2007)
in HVERIH 12 Alcalase &2 Flavourzyme & {7 K f% » # K jEfe 2 &R 4
gokfad (DH) 25 temde > k5 g% - B R4 f3% - Peng et al.
(2009) 47 5t F b FoKEFRE K FH en B2 o TR PR

GEYP ‘kfasr2 -kfad 4B R+ 2 B G0 > %87 (B ~) 2 &

FEd kg kjagx B R4 EREMGORE >09 54 & A4
MM KRR G A kRS A0 BR4 f5 o R bk
ARG 5od (F+235)Livetal,2010) 2% fi f i) siek o
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[] Alcalase Flavourzyme Mix
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Bl = K JRPEF 2 f2 4 474 GEYP k28R 4 foip % BHT 4

B2 FE-FRELTAHBAT 4 £ -
Fig. 17. Eftect of Hydrolysis time and enzymes on reducing power and
BHT equivalents of the hydrolysates prepared from GEYP.  Solid lines
were BHT equivalents. The hydrolysis of 8 %GEYP with 7.5 % enzyme
[Alcalase, Flavourzyme, and Mix (Alcalase:Flavourzyme=1:1)] for 12 h at
50°C. The initial pH of Alcalase, Flavourzyme, and Mix respectively are
8.5, 7.0, and 8.5. Data are the mean + SD of triplicates. *° Means with
different letters in the same time are significantly different (p <0.05) by
Duncan’s multiple range test. *® Means with different letters in the same
enzyme are significantly different (p <0.05) by Duncan’s multiple range
test.
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Fig. 18. Relationship between reducing power and DH of the hydrolysates
prepared from GEYP.
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Moure et al. (2006) # 7 "+*xz </ 2 Z E B R R4 > [N v
Fog g 4 o
#% @  Alcalase i Jr # +* Flavourzyme & > ¢ ¥ i PR %] &

Alcalase *» 1} $& % i 43 ik H

bo

T F hiE Pk s & Alclalase &
Flavourzyme # cr:B R # o @ Mix 2 K fEf L & 3 & At & g
Chang et al. (2007) 41* Alclase ~ Flavourzyme 14 2 & faf%¥ % = [¥ f-K
fER L o dd o RRAERER O H - EROREATE LRSS ZER S &

8% o Tl SRR > HiBRS ARG ALE

4%’-% FpdANA 2R

Bl 4 2 Kfi#p R 2 pE 5 A8 GEYP kK j2f 4 5 p d A A
P2 RRET Alcalase k30 2 8 hTE-KfRR LR E F B
d Fhenin 4 bt Ao d 451%H 4 3 29.76% 0 @ 8 h 2 {5 m P A D
% v o Flavourzyme S % -k f# = 3 4c (0 3 12 h) H k2t fis?
pd fhenit 4 BEE R Y 733 % 223474 % 2 Mix 203 4h

SRR 2 F R E F P d it 4 BT H B4 30 % 0 4 h2 (s aey

—««»

St
b
N

kR Frra A RIEEFLE (p>0.05) ¢ F4 A 7 - GEYP 5= wp%
FokfRteodj &S EF pd Fipic 4@ 2 MHI2h & Flavourzyme

KR 120 Ee it emiFrp a4 35% ¢ F 2 o d B RS kR
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Fig. 19. Effect of Hydrolysis time and enzymes on hydroxyl radical
scavenging activity of the hydrolysates prepared from goose egg yolk
protein. The hydrolysis of 8 %GEYP with 7.5 % enzyme [Alcalase,
Flavourzyme, and Mix (Alcalase:Flavourzyme=1:1)] for 12 h at 50C.
The initial pH of Alcalase, Flavourzyme, and Mix respectively are 8.5, 7.0,
and 8.5. Data are mean values + SD of triplicates. “* Means with
different letters in the same enzyme are significantly different (p <0.05) by
Duncan’s multiple range test. *° Means with different letters in the same
time are significantly different (p <0.05) by Duncan’s multiple range test.
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FAWAR: il NE m,%“ér‘i F pd AP Higplh Fl 5 Leu @
Hgrdixrigiapi 2 BFend 3 8% (Qianetal, 2008 b) o “,f 7 Leucine
7 20 MARRE A2 £ & > Leu & C-xf PR P B> B 5
ap o K Frk a4 (Suetsunaetal, 2000) 0 F1p & ¥ ok fE GEYP 2
7kﬁ$i&i§"‘,’fi§ pd Aad 3948 VB B o

b AEL G R ORISR E T Ay T Ed K
fR% P MR EC L 4833 > @ fenton reaction & jF BT 0 i@ Frdld
5 pd A4 = (Pengetal, 2009; Kong & Xiong, 2006 ) d B+ 7 ¥
GEYP kja# enT dhd s F b it 4  EF kBT Ea A f o
Biprg a4 oAb 2 4piT o GEYP -k jdip 7 it Fd A 4 T
FRFrdla §F pd R R Fl2 - o

FET e fAfii 44 A% % MHI2h 7 &« DPPH p d A
FHEA GBI EEN S ~BRAELF A AR o A
#FH MHI2h 272 F MWCO jg% % » > x5 @ * 30k~ 10k ~ 1k
22 0.15 kDa MWCO g% /g > » » 30 kDa concentrate ~ 10 kDa
concentrate ~ 1 kDa concentrate ~ 0.15 kDa concentrate f- 0.15 kDa
permeate T B R AP > 2P AL RLA TR TER  FH R

SRR S g
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T~ FH MHIZhEF FAFERERATELRAFHIF L4

By

(-)GEYP-MHI2h 2 H R o 2 £ F £ 4%

3

&

Ao AT RA G

# 3 % GEYP~MHI12h 2 H %% &

4y

|l

BTA B HPLC T s+ g A4 kAR 5 2 mg/
ml -k f# 4 - 12 Cytochrome C (12,500 Da)~ Aprotonin (6,512 Da)~ Vitamin
B2 (1,355 Da) ~ (Gly); (189 Da)¥r Gly (75 Da) I &% &s + & &2
F ¥R AU g s 3 4 5 >6,000 Da~ 1,000-6,000 ~ 500-1,000
Br<500Da 2. % B > B % %7 GEYP 2 & che 3+ £ 2>6,000Da 0 ¢ %
13P565986.88 % 0 MR EFEE KR 12 h {8 o d AN K oS hFed F AL
PRARPE R A fE G o] RER e i L > Bt >6,000 Da chd-v B eV iiEk2
B 3 242 % > B A & 23 F A 5 500-1,000 Da ¥2 <500 Da -
TR IR AR A A 0 AR RO At L 51.74 %fe 44.61
% o MHI2h 11 i F N AR NCB R« e ® A 0 BB FR Y 2 /87 b A
FERERWER > F*HT 30 kDa kgLl &~ 3+ & 4 05

500-1,000 Da #<500 Da- ¢ 3493 kg & v & % 2 5 L 40% - 10 kDa
iR L& S+ E 46 5<1,000Da > kIR F o 4B G 39.99

%2 38.33 % o 1 kDa jk&zie A+ 1 & 12 500-1,000 Da 5 i > ¥k



437 -~ GEYP-~MHI2h 2 Hig® Atz 2 F 4
Table 5. Molecular weight distribution of the GEYP ~MH12h and fractions
of MH12h separated with different MWCO membrances

Sample' Molecular weight distribution (%)
<500Da  500-1,000 Da 1,000-6,000 Da >6,000 Da
GEYP 9.66 2.65 0.80 86.88
MHI12h 44.61 51.74 1.24 2.42
30 kDa 4131 40.00 4.52 14.17
concentrate
10 kDa 38.33 39.99 13.13 8.55
concentrate
I kDa 23.98 52.17 19.67 4.18
concentrate
0.15 kDa 60.53 39.44 0.03 0.00
concentrate
0.15 kDa 63.68 36.24 0.01 0.07
permeate

" The concentration of sample was 2 mg /ml dry sample.
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52.17% - @ 0.15kDa k&gie 2 igik ¢ 1<500Da2 | A+ 515
¢ 60 % F o d b g% T A F R MWCO 4 ] > <1000 Da 2 -]
A BN e E ] 2 Hi e o P FALRLE 4
] <1,000Da 2/~ F 4~ @ & 0t b g & e 0.15 kDa 2 Jk 45k £ gk e

FE A WApIL > £ 7 1 kDa jgik ek 3 % 7 i i 0.15 kDa MWCO g

o Btk i kR s FEL I R LR o

(Z)MHI2h %~ 42 %R+ ~ & RKEES ~d5pd A2 DPPH p
d A

v

4 % MHI2h £2 F A+ 24w~ HE2RRA4 - &L

=

P EFpd A{rDPPH A ¥ FAjprpit 4 2B F ok R AL B
BEA kiR S 2.5 mg/ml 2 ¢ > Hepz fEp e 8 g ok fE
P2 kR Y A 40 mgml o % B 30 kDa kg% £ § B % ¢ DPPH
fid Zfrgicd 9 MHI2h 6765.15%# = 5 98.01% » ¢ # 30 kDa
RApiR T 5 G AL BY S AT 4 5 98% o | kDa ki nd § §
d g R4 v MHI2D A S 12 B2 16 & F
MHI2h SAZ R 4 s ®e A 16 » e d P4 L g 1t 4 o

30kDaik4gie % 7 % #ODPPH p o A ifific 4 & L85 5 ¢

AORRBRAIZRAF LI ELG B R SA S EAH E<1,000
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% ~MHI2h 53 A+ 2 gr kA~ HEERA ~FE4 ~ 7
§p0 zEMfDPPH o ztki“f“ Sap
Table 6. Reducing power, chelating activity, hydroxyl and DPPH radical

scavenging activity of different fractions of MHI12h with different
molecular weight cut-off membranes

Reducing Chelating OH-scavenging DPPH rgdlcal
Sample ower' activity (%) activity (%)"" Scaverieng
P Y Y activity (%)

MHI12h  0.47+0.01° 70.5042.95° 46.4+0.09° 65.15+2.86"

30 kDa 0.17+0.03¢ 98.49+0.30°  33.67+0.37° 98.93+0.18"
concentrate
10 kDa 0.62+0.01° 86.74+0.60° 51.1+0.68° 11.75+1.45¢
concentrate
I'kDa 0.79+0.02*° 39.98+6.55¢  54.04+1.57° 12.2341.04°
concentrate
0.15 kDa 0.62+0.02° 8.57+1.08° 49.34+0.69" 14.85+0.67°
concentrate
0.15 kDa 0.64+0.01° 5.61+£3.17° 48.75+1.29° 14.2240.04°
permeate

'Data are the mean + SD of triplicates. *° Means in the same row with different
superscript letters differ significantly (p<0.05).

*The concentration of each fraction was 40 mg /ml dry sample in the same column.

>The concentration of each fraction was 2.5 mg /ml dry sample in the same column.
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Da - ¥4 81% > 4&ipld" & F £ 2 %375t 59 #& & 30 kDa Jk 477k 5 i o1
DPPH p ¢ A5 4r‘ SIS E 6 4 - Dong et al. (2008) 45 14
Alcalase ¥ Flavourzyme ~ %|-Kfj&+ @ g » B o w978 K fRp 2 2 3
31 & u<1,000Da £ 3 2AFOLBHF EE 4 o

BEFEFNEF pd ABRRI Nl kDakigie  EaFEL

s

w2 & % 500-1,000 Da (52.17%) ¥2<500 Da (23.98%) > @ ¥ i1 & &~ &
£ 5<500 Dashfl v R Ad ot HEAARNEEPTF o AF

a4 2R R4 o F]ptdaip] 500-1,000 Da 2 R &33Pk B PR A iE eh

=f

fa'—",/T‘l Fpd ARt BERRA B FIH NEH S (chickpea) B¢
JokfEs 0 11 200-3,000Da f Bl A 5 G RGEEEAEF B0 A
A B BB o PR AR % 4p (Lietal, 2008) o

Chen et al. (1998) 1345~ & F=v 2 /KfEd L - % dErs & o]
2 oiefl sl = i His 22K 2 B0 77 His en942% 2 ;%""f DPPH g ¢
ki~ EBEEA L Fpd Ayt o B By g2

RPReht ol Bl R AR, o R B2 g %3 IR B 30 kDa kiR

o
»,
o
AT
N

=)
o
(w

&
44
|l
&

A&y 1,000 Dac e HpLy 4 2 AR
FOTAR P ARV R SE R P2 R e s M o 50t 30kDa

¥ 1 kDa z_ k4 1F1/|i’ BT E*ztj\ﬁ”x7 KR NA S ‘“‘*‘Ztkﬁ’x7 oo ¥4 &
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Bis4 ~:BR4 -DPPHp d &2 ii’?ﬁ"“—*%?ﬁ‘x/{fﬁJi%fgﬁc’

(Z)GEYP & &4y it 4 R A2 ixfiph e

% - % GEYP ~ MH12h 2 # jg %30 kDa ik 45/ I 1 kDa jk ¥gi%
2 Ve pLe A o d 00 FLOR R KRl R RAR ES > Trp AL
Fepidt - @ miEH R > Gln ¥ Asn BfKfiET A uES L Glu &
Asp 7555 &2 H R d Glu & Asp shp | A4 vt 0 Tt 7 fF e
iR e o i % BE T A K f3c GEYP 82 MHI2h» < 304 il fis e &
miwvra s < LR (p >0.05)> % 7 Arg ~ Ala ~ Met ~ Ile ~ Leu §- Phe
ERPAFEARIFETREFR A (p <0.05) 0 £ 12 Leu #4ck §
2.57%° 30 kDa ik #5i% e A pe fe & 4 v & MH12h 27 1 kDa ik 4507

£ #B e Ser & Tyr» & & 11.71%£7 4.38% ° 1 kDa Jk#gie ¥ Pro 2

s

CE SR LR

i

B0 Tk fEp ngE R FIRAR RS2 B A R P
(Chenetal., 1998) & -k f# 7 GEYP 5 Mix -k fi# 12h #7{% MH12h 2=
Ak =1 Arg ~ Ala ~ Met -~ Ile ~ Leu - Phe ¥ %l padg ¥ b A Kz

SIGEYP % > ¢ 4w R f itk fd 2 i 4 A9krad ¢ lle Ala~ Met
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% - ~ GEYP - MHI2h ~ 30kDa ¥2 1 kDa jk Hair L
Table 7. Amino acid composition of GEYP, MH12h, 30 kDa and 1 kDa

concentrate
Amino acid composition (%)
4 s 30 kDa 1 kDa
GEYP" MH12h " L6 -
concentrate concentrate
Asp? 9.35+1.16 8.4440.02° 7.55+1.99° 9.91+0.05°
Glu*® 9.60+0.77 ¢ 9.46+0.45° 8.89+0.33" 11.65+0.02°
Ser 9.04+0.97° 9.04+0.23° 11.7140.33*  7.71+0.06°
Thr 5.5+0.23" 6.81+1.43 5.64+0.02° 5.53+0.17°
Gly 6.74+1.07 6.1240.08" 6.34+0.04° 6.194+0.05
Arg 3.18+0.19° 4.49+0.07° 4.88+0.10°  4.75+0.06™
Ala 8.1240.79° 9.410.04° 9.09+0.33"  9.29+0.11%
Pro 5.33+0.73° 5.58+0.06" 5.97+0.11° 7.1+0.30°
Val 11.93+5.34° 6.10+1.41 4.66+0.13" 5.55+1.34°
Met 1.35+0.15° 2.05+0.17° 1.78+0.12° 1.7+0.05%
Ile 2.04+0.35° 3.8240.15 3.05+0.21° 3.09+0.17°
Leu 4.49+0.12¢ 7.06+0.15° 6.13+0.01° 5.77+0.08°
Phe 2.46+0.13° 3.2540.10° 3.34+0.07° 2.77+0.08°
Cys 1.84+0.29° 1.15£0.01° 1.05+0.17° 1.47+0.13%
Lys 12.96+0.47° 12.4440.74*  11.89+0.84°  12.95+0.04°
His 4.05+0.13 3474026  3.65+0.10% 3.04+0.13¢
Tyr 2.00+£0.27° 1.32+0.19° 4.38+0.88° 1.49+0.15°

"Data are the mean + SD of triplicates. a-d Means in the same row with different
superscript letters differ significantly (p<0.05).

2 Asp content included asparagine.

> Glu content included glutamine.
* The supernant of goose egg yolk protein solution .
> Hydrolysates obtained from goose egg yolk protein by mix enzyme for 12h (MH12h).
630 kDa concentrate of MH12h.
7 1 kDa concentrate of MH12h.
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(Chen et al., 1996; Kim et al., 2001; Mendis et al., 2005); 7 F'=sk
Met 7 % % gdémxzﬁta;ﬁdgi\;xbxiﬁljﬂ);—“/fgﬂzgmﬁm
(Elias et al., 2008; Nakao et al., 2003) - Qian et al. (2008 b) 4p i 4£78 ¥
vooKfEP e ﬁxflﬁp"“fi Fpd A kg 389 Leuo 483
Leu ¥ 3 4e "4 PR & Py ppe 2 B en 3 (8% o p ot Leu A4 PR A 7]} e
N =i B 4305 ¥ 4ng 48 € & ¢ (Chen et al., 1995; Ranathung
et al, 2006) * HFF F-v TokjR o N E 4 RERF LS5 B
PSR B B N-#435 % Leu (Park etal., 2001) - ez a: (Phe)
;%“gl BTIESLTFHRE ey % L (Bougatef et
al.,2009) » F]tip i el fs 7 3 4o 0 $ ik MHI12h #& GEYP 3 #%
g v 4 e

Bougatef et al. (2009) 45 #' = #& % ¥ (smooth hound) #¢ 7 k%
oo o4k DPPH fi o G4 Bl R A 44 G 3 Tyr (23.27%)

Fh AR Tyr fid B E AT 3 %3 A 9T 5 5 DPPH 7 o
%0 @ DPPH f o A48 % > @ kit FIReny REBHT afff
eh% |+ > Elias et al. (2008) 45 ! Tyr < $1& % p & zhsc¥ &
+ehg it > & 4 3, 4-dihydroxy-phenylalanine % % 14 # » 30 kDa jk

i Tyr § BH(©T i ERF SHDPPH p ¢ iF 544 - 30 kDa
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kg ? o Ser 7RG AMEFN 0 ¢ F o iy HHER SRR
(Phosphoserine) ~ Glu ~ His f= Cys 322 3% i £ A& it 4 3 ¥ (Baumy
and Brule, 1988; Bennet et al., 2000; Tong et al., 2000) - Kim et al. (2007)
RIS S N - BT B NS % SR T T
ek AL i * > 2 phosphoserine eV B (T E L 1 F o d At FF
§ B Ser W d fadt s b2t v Y A5 or) SgE3os (55 0 1986) -
Fd Fv FE-RfRITR {4 BEELITF it 12 phosphoserine ¥ Bt iErk e
TOERMLABRETEL 0 R 17 30kDaikiinG kA BAEL S
tEF pd ki g R4 B ] kDalkiik 0 T A F

H Pr

S
s

FEVETZHE o7 FAMR S 2Ry FoRkfRL 4Ry 0L
PRP R RN E g Ry Y en g ik 8 B L His-Pro-Pro v §
Pro A H v gl B~ pr > H ¥ E g it 4 233 (Chen et al,
1996) - Pro #v§ it 2 i e 5 %‘-’—}‘;ﬁfhﬂﬂi’?&t‘ 9 Pro X33 % pd A&

e pE > £ 5 i 2 2-pyrroildone 2% T A Y > EFF% a5 pd
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Appendix 1. Standard curve for L-Leucine.
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Appendix 2. Standard curve of DPPH radical scavenging of BHT.

125



100
90
80
70
60
50
40
30
20
10

Ferrous ion chelating
activity (%)

- y=1.2582 x+ 1.2826
I R” =0.9833

3

0 20 40 60 80
EDTA (ppm)

‘4= ~ EDTA B & L4gdp+ 2 8 E & o

Appendix 3.

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Absorbance at 820 nm

Standard curve of ferrous ion chelating activity of EDTA.

- y =0.2182x+ 0.0134
R” = 0.9984

100

0 1 2

Phosphorus (ppm)

ftake ~ KH,PO 2 846 5 -

Appendix 4.

Standard curve of KH,PO,.

126



Ll y=0.0130 x +0.1108
L2t R?=0.9641

*

Absorbance at 700 nm

0.8
0.6
0.4
0.2
K
0 10 20 30 40 50 60 70 8 90 100
BHT (ppm)

T~ BB 4 2 EERE A
Appendix 5. Standard curve of reducing power of BHT.

127



1,2384 6,512 1,355 189 75 Daltons

2

GEYP

MH12h

30 kDa concentrate

k 10 kDa concentrate

1 kDa concentrate

0.15 kDa concentrate

0.15 kDa permeate

A0 0 L R A A L A A A A A A A A A A R RS AR A MRS RS R AR
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Retention Time (min)
e~ MHI2h (67 A3 B LB RERATEEAF2Z AT A
i o
Appendix 6. The molecular weight distribution of MH12h with different
molecular weight cut-off membranes.
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Column : Superdex TM peptide 10/300 GL

Eluent: 20 mM phosphate buffer  (0.15 M NaCl, pH7.2)
Flow rate: 0.5 mL/min

Detector: 214 nm
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Appendix 8. HPLC chromatogram of standards.
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Appendix 9. HPLC chromatogram of standards.
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