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Extraction and Functional Properties of Anserine

from Chum Salmon(Oncorhynchus keta)
Hye-Ok Min

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

Antioxidantive activity of food ingredients is one of the important
biofunction activities which have been recently focussed on, so lots
of studies about antioxidants have been investigated. First of all,
antioxidants can be divided into two groups of natural and synthetic
antioxidants. Natural antioxidants are limited for industrial “utilization
because of expensive  cost,.characteristic odor and color, but
synthetic antioxidants put it to good use because of its cheap price
and excellent antioxidant activity. However, synthetic antioxidants
have defects that give rise to such side effects as hepatomegaly,
carcinogenesis possibility and others. Accordingly, lots of /studies
about natural antioxidants.swhich are 'nontoxic and. have superior
antioxidant activity are in-. progress. Among them, low molecular
peptides extracted from muscles of domestic animals and poultries
impressed the people and lots of studies about their antioxidant
activities are going on. However little studies on searching, extraction,
antioxidative activity for the natual antioxidant which are produced

from marine organism resources are investigated yet.
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Anserine of dipeptide combined with 3—alanine and 1-methylhistidine
1s reported to have antioxidant activity. A large amount of free
anserine is found from white muscles of migratory marine fish such
as salmon, tuna and bonito. However, only possibility about
effectiveness of anserine on antioxidative activity is presented. So
we think lots of studies related to the anserine should be
investigated. In this work, we have studied the extraction methods of
reducing the prooxidants (total iron, protein) and the evaluation for
the physiological functions of anserine extracted from salmon. For
development of extraction process, several methods were tested such
as heat treatment (60T, 80T, 100%€),ion—exchange chromatography
(Dowex 1x8), ultrafiltration (UF) and CM-cellulose colummn “chromatography.
For the evaluation of functional activities of anserine, scavenging. effect on
2,2—diphenyl-1-picryl-hydrazyl .radical, reducing power, superoxide
dismutase(SOD) ' like activity, inhibition of linoleic acid autoxidation,
nitrite scavenging - activity | were measured. Another evaluation of
anserine is the prevention effect against protein denaturalization 'which
attributed to ovalbumin reacted with hypochlorite inhibition to .produce
advanced glycation end products- through the protein glycation with
carbonyl group.

The main results are shown in the below contents.

1. Among total free amino acids of salmon muscle, anserine,
histidine and carnosine were 43.06%, 1.58% and 0.10% respectively,

showing the highest amount of anserine. Therefore, salmon is a



good source for anserine extraction.

2. Protein, total iron and anserine contents of salmon extracts are
as follows; 23.64mg/mlL, 16.20ug/mL, 5.47mg/mL at non heating
extracts, 7.40mg/mL, 2.32pg/mL, 5.20mg/mL at heating extraction
of 60T, 7.64mg/mL, 1.20ug/mL, 5.21mg/mL at 80T and 7.04mg/mL,
0.68ng/mL, 4.04mg/mL at 100TC respectively. Contents of protein and
total iron were decreased by heat treatment and ultrafiltration
permeation (UFP). But anserine content slight declined by UFP. The
application of primary ion exchange method (Dowex 1X8) to
extracts from salmon increased up—to—16% for the content of
anserine. Protein and tetal iron contents of primary-ion exchange
extracts were decreased 70% and 98%, repectively, by UFP.
Secondary ion exchange (CM-cellulose) treatment after primary
ion exchange and UFP showed lower anserine content than primary
ion exchange extracts. However, contents of impurities (protein,
total iron) was' lower. than all other salmon extracts. Therefore,
primary ion exchange, UFP and secondary ion exchange ‘method

were determinated as.the:best extraction process .in this work.

3. The peak of anserine appeared at 13 minutes of retention
time and other peaks distributed between 15~19 minutes in HPLC
analysis. Heat treatment, UFP, primary ion exchange chromatography
methods decreased other peaks at 15~19 minutes. Secondary ion

exchange (CM-cellulose) for salmon extract removed impurities. In
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addition to primary ion exchange and UFP, secondary ion exchange
got rid of much more impurities in extracts. Both of standard
anserine and salmon anserine from this research showed equal

molecular weight by LC/MS.

4. As a result of DPPH radical scavenging activity, the activity of
salmon anserine increased from 7.30% to 31.05% with concentration
addition. Reducing power of salmon anserine increased as the
concentration increased. Metal chelate activity, SOD like activity
showed similar results. The addition of anserine suppressed
increase of peroxide value for lineleic—acid during storage time.
TBARS experiment showed similar results. Salmon anserine
inhibited the formation of  carbonyl group and- this tendencies
increased with the concentration. The result. of gel electrophoresis
of cross linked protein by hypochlorite ' salmon anserine inhibited

protein degeneration.

Finally, on the basis of these properties, salmon anserine could

be applied as a natural antioxidant.
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gk EAkskAlel ek W A7 JAEI vk QIR AW B w3l
superoxide, hydroxyl, peroxyl(ROz), alkoxyl(RO), hydroperoxyl(HOz),
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237148, A4S, FUiEE, 3

& 3§k ibstE WAete 9E&s &tk 1 FF= A ascorbic
acid, glutathione(GSH)Z} 22 484 3HakstAl9} a-tocopherol, 3
—carotene, ubiquinone 59 A|-84 &4FsHA|, superoxide dismutase(SOD),
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carotenoid, anthocyanin, ascorbic acid, a—tocopherol®} & &aks}A|
(Burton, 1989; Block, 1994)= #A19 AFstE A AA7] ALY WA 6t
o WA R Fa3 TS s 7Aool HIMAL 579 Fd AS T
A3l Qo] AAPA o] & AlkS whal tk(Decker, 1993). ¥4 At
st =49 AF e dtsbeH e w2 7HA jZdl e ARSEA 9l
S} BHA(butylated hydroxyanisole), BHT(butylated hydroxytoluene),
THBQ(tertiary bytylhydroquinone) 3 2 34 itshAle] 45 3iks)
o] 7}k vbd 7 vdl, 7Hd T microsomal B4 F7F AU
Aol 545t 5oy To F-AREo] e (Song et al., 2008), A
Edo] A= M S TAIZE Qo] Aol ok
FoR AREEA Bl Hth(to et al, 1983). wEbA] 1Al 7 ¢l
kst o] -3k A aqkskA o vS fske] e A5 x4
Ha glom I FoN AAasES] fAvel=s o Ry AeEkg
@3] FES i JtiKim et al,, 1996).
Anserine(Fig. 1) 3|2E|dA #A&EA} Fepo]=2 1929d Ackermann
et al.(1929)°] os} A9 &M A=o2 EAsoH =57, 57
M= TR dprold gle Ao ® B gltHLinneweh
et al.,, 1929). Anserine> 53] §tof, tp&ro], 7iopatoie} 2o 34
o 7o WMAFe wWol &S ol&5 o7 F2 anserine HFE 3|4t
4 oo B oA B gle Ae®E deH-UnkMarit et al.,
1995; Suyama et al., 1986; Abe et al., 1991). ©]#]3} anserine> A&
WA B Aqte] mEd 250 FEA A daks g F
A 71 dE%ES yedittn o (Harris et al,, 1990; Brown,
1981) Abe et al.(1985)¢} Okuma(1991) X3t anserine®} carnosine©]
<5 MEY Sl 7logttar Basgith =3 Wu et al.(2003)2 4
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NH;— CHy—CHj <|: N cle—c—OH
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0 CH,
HyC— N\

Fig. 1. Chemical structure of anserine.



carnosine % anserines® A&x} Hepol=o] Fibsted Afebo]Z
2 &l AAG el gk vp vt =3 FAF 28 R s
steb Fargo] Az A& fetol=7F a3t S Aolgte Hilk
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Fig. 2. Photograph of chum salmon(Oncorhynchus keta).
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1. 288

1.1. A=

HoAdoM= Hy o] 62.80£4.89cm, = 30.85+£2.52cm, FA
2.2840.42kg?] dr=ral dAo(Oncorhynchus Keta, 119, st 25
2HE -80Te] H#ASHHA] anserine FE5& 3l AT AE5AZ F
ot A e w, Fo gl s A At FE8& ARE ARES

St

1.2. Al ¢k

B o2& oA A% anserine® N-methyl-L-histidine, 2,2-diphenyl—-
1 -picrylhydrazyl free radical<Sigma Chemical Co.(St. Louis, USA)
AN FUAsER o 1-fluoro-2,4-dinitrobenzene< Tokyo Kasei Kogyo
Co.olA FSiatRaL 2 9o BEE AS A ETH °ld9 s AHE

3t

[\
>,
e
z
3

A A0A.C(1995) ol whel Fi2 ddrtd Axd, =
G AL semimicro Kjedahl®, FA ¥ Soxhletd, ZF3]&ES 143
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1
frejotn] imibe o] & 5gof| 5-sulfosalicylic acid 0.5gS 378k
A A7 $ 442 (3,000Xg, 15min, 4C)3A T A5 H-S 0.2um

membrane filter® ]33t t}L lithium citrate buffer(pH 2.2)% <

o

F 3Aete] o]AE EAdoR Gl ol ud FEE FF A
B FEES FHalo]l 0.02N HCIE 3AAA ofn =2l A%
(Hitachi Amino Acid Analyzer L-8900, Hitachi Ltd., Japan)& ©°]&
ato] A kit

2.2. 9] anserine F&

2.2.1. 7Gx 2

Aol 7tEAx8]= Fig. 3¢k #Z9] Chan et al.(1993)3} Gopalakrishnan
et al.(1999)¢] ol whe} it & AF ] 2ufe] "ol&4(4C)
£ 7tate] mkafj(60sec, 23])% o155 homogenizer (PH-91, SMT Co
, Japan)E °]&3ted #23H10,000rpm, 2min, 43)AIZ & LA F
(8,000xg, 30min, 4C)3} et A4we] = Whatman No.bA ZHE
o] gste] AHE FOEA AAES AASRAIL of AS 742 60T, 80T,
100CelA 155t 7FdA st thAl  A422(8000xg,” 20min,
4C)AA Whatman No. 6A ZHEZ Al&ste] AHES AA AT

AC)

1

ml

2.2.2. DowexE °|&3% 12} o]2n & A7

Suyama et al.(1967)¢] ¥Hel| we} Fig. 49} o] ol & dAZF
28 o] 1% picric aicdE& #H7}ste] vl gk 3 homogenizer(PH-91,
SMT Co., Japan)& o]-&3s}e] H#ASA|A AA1+2](8,000<g, 30min, 4TC) s}



Chum salmon muscle lpart + Deionized water 2parts (4TC)

Blend (60sec, 2times)
Homogenize (2min, 4times)

Centrifuge (8000%g, 30min, 4TC)
Supernatant

Filter through-Whatman No. 5A filter paper
Heat treatment (60, 80, 100°C), 15min
Cool in ice bath

Centrifuge (8000%g, 20min, 4T)

Filter through Whatman No. 5A filter paper

Filtrate

Fig. 3. Procedure for extraction of anserine from chum

salmon with water and heat treatments.



Chum salmon muscle lpart + 1% picric acid 2parts (47TC)

Blend (60sec, 2times)
Homogenize (2min, 4times)

Centrifuge (8000%g, 30min, 4TC)

Supernatant

Filter through-Whatman No. 5A filter paper

Pass through Dowex 1X8 chloride
column (2.5%30cm)

Remove picric acid and precipitated

protein

Eluate

Fig. 4. Procedure for-extraction of anserine from chum
salmon with ion exchange chromatography (Dowex
1X8).
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2th. ©o]= Whatman No.5A ZEE o¥3ste] IAES AASAGY. L
2]32 Dowex 1X8 chloride column(2.5%X30cm)S o]-&3fo] o] &3t

sto 22X picric acid=Z5E Al FAT}.

2.2.3. ¥} E o] &F EAH =4

22y VA A8t FEE3 1% picric acidE o] 83fe] o] 2 3kA] g
3t %5 S Bussayarat et al.(2005)¢] ®wol wg} Amicon Co.9
stirred cell ultrafiltration FX*]& ©]83}o] 50psiolA -]} 1
o}, koo uH(YM50, YM30, YM10, YM3, YM1, YC05)& o] &3]
Bapeks 5000 8t2 %438k tHFig. 5).

2.2.4. Carboxymethyl celluloseE ©]-83%F 22} o] a3k <]
Chan et al.(1993)¢] ®®e] wel CM-cellulose column(2.5x40cm)
< o]&3ty] olZutA=ntE A FE S} tHFig. 5). A 1mM sodium
phosphate buffer(pH 3.5)& =7 H3IAZ1 FH 10mM sodium
phosphate buffer(pH 8.5)% &d3s WHo=E FH3| S0 ot4s}
A

ST
=2l

M
AN
.
=2
[o
i
=5

AEIEAES BEN SR

anserineo] At FHE $AF UEE 212mmold FHEE Z45)

=
ZAo e gmde] stk ZA4 L2 Allan et al.(1948)9] H

F=
Holl e} biuretH 22 45N T. F=5 1mLol biuret Al ¢F 4mLE



Heat extracts Ion exchange extracts

Ultrafiltration (50psi nitrogen)

| Permeate with XM 50 membrane filter
(50,000 molecular weight cut off size)

— YM 30 (M.W. 30,000 cut off size)

— YM 10 (M.W. 10,000 cut off size)

— YM 3 (M.W. 3,000 cut off size)

— YM 1.(M.W. 1,000 cut off size)

— [YC 05 (MLW. 500 cut off size)

Filtrate

|—Filtration of ion exchange. extracts

CM-cellulose chromatography

Fig. 5. Procedure of ultrafiltration of salmon anserine ext—
racts and CM-cellulose ion exchange chromatography.

_12_



Optical density

200 300 400 a00 s00

Absorbance{nm)

Absorbance at 212nm
pH{Sodium phosphate)

Fraction Ho.

Fig. 6. CM-cellulose ion exchange chromatography of
salmon anserine extracts.

A; O.D of anserine standard, B; O.D of salmon anserine extracts.
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3 o] 542 Viollier et al.(2000)9] WHE o]&3te] A3}

t}. =% 3mLol ferrozine £9(0.1mol/l ammonium acetate & NS

o]-§3te] 0.0lmol/I=Z A=) 300uLE #H7Fstar A2k (2mol HCl

o
ol
32

hydroxylamine hydrochlorideE 1.4mol® X% A|Z) 450uLE 7}
o Wyl F 10E%¢F wheAZoh TI9)ar 10M. ammonium  acetate
buffer(ammonium hydroxide ©¢]&ste] pH 9.5x%%) 150ulL 7}

562nmellq FFE=E FAsIN o TFig. 89 HZFAo mdgezA

2.3.3. Anserine & =4
Anserine %' =42 Charles et al.(1966)2] o wz} 219

ol

b

F=% 1mLol 4% NaHCO, 0.8mL%} FDNB & 0.2mLE 7}k &

ot

55TCelA 30859 whsAlZ] 2 20N NaOH O0.1mL¢t 20% HCl 1mLE

A, CdHE 7hedo g A dEHE F& $EAT
3l 430nmollA FFEE =AY FFEZEZE  anserine(Sigma
Co)s ©ol&st Fig. 99 HIFAS AAston z+ FEEd g

anserine SIS #4135kt

\]
S
£
il
N
N
L
i
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0.6

0.5

0.4

0.3

0.2

Absorbance (540nm)

0.1

0.0

Fig.

y = 0.0503 x + 0.0546
R%2=0.9993

0 2 4 6 8 10
BSA* (mg/mL)

7. Standard curve for the determination of protein

concentration by biuret method.

* : Bovine “serum albumin
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Absorbance (562nm)

0.5

0.4

0.0

i y = 0.4041 x + 0.0202
R? = 0.9893

0.0 0:2 0.4 0.6 0.8 1.0

Iron concentration (u g/mL)

Fig. 8. Standard .curve for determination of iron

concentrations by ferrozine method.
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Absorbance (430nm)

3.0 1
®
2.5 1 y = 0.0051 x + 0.0792
R?=0.9924
OO T T T T 1
0 100 200 300 400 500

Anserine concentration (p g/mL)

Fig. 9. Standard curve for determination of anserine

concentrations.
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4. SDS-PAGE
FEE 7] AR AeE dolrr] 918 SDS 7195 S skl 27
35S Laemmli(1970)2] #H el w2} Mini-Protein 3(Bio—Rad Laboratories,

Hercules, CA)S AF&-3lo] A3 33t} 20% polyacrylamide gelS A&

HA NN
L w

o A gE ZHzF 20ul® F938Fa 25mM Tris—-192mM glycine €+
S&9(pH 8.3)& 4w ALgsle] M7|gdsS v H7l9E ¥
SDS-gel®] 422 Coomassie blue R-250& AF&3lH 0w oMo it
A& glacial acetic acid/MeOH/H:0 &% M(v/v/v=1:1:8)2.2 EA35}3]

.

2.3.5. HPLC &4
Ao W zpo]E el 7] 3] Song(2006)e). e uhet

HPLC wA< stk F&= 25plell s3e] =2olers H/heh & 50uL

N
4
il
BN

N

70-72ColA 158 XA WX & 700uLe] NaHPO; buffer (50mM,
pH7.0)& #7}skal 0.2um membrane filter® &¥et $ HPLCel 10uL
£ FYsiith ZH 2 C-18(5um, 4.6mmX25cm)< A&kl o™ o]F

|l &= sodium acetaterbuffer(25mM, pH6.5)¢} acetonitriles A&
At 42 1mL/minS = gradient, &7 Table 13} om 74

o £xi= 40T, AEWHAE 436nm= EAF e
2.3.6. LC/MSE o] &3 AZEA

HE AAZ 52 LC/MS(API 2000, Applied Biosystems, USA)E
o]-g3lo] FAFS RISt} o]/ Water/ACN/MeOH = 35/30/35
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Table 1. HPLC operation condition for anserine analysis

Hewlett Packard,

HPLC system )
Model 1100 series

Column C-18 (4.6X150mm, b5um)
Detector UV at 436nm
) A @ 25mM sodium acetate buffer
Mobile phase o
B : acetonitrile
Temp(TC) 40T
Flow rate 1.0mL/min

Gradient condition

0 min A% BLI= 85, 15
20 min A(%) & B(%) = 60 : 40
32 min A(%) : B(%) = 30 : 70
34 min A(%) : B(%) = 30 + 70
35min A(%) : B(%) =85 : 15
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(4mM AF, pH 2.6)5 AF83F313, A2 Symmetry(150<3.9mm, 5um,
ImL/min)& ©]-&3}3 .

2.4. 71574 37}

2.4.1. DPPH &HZ &A%

A2 HE F=3} anserine?] 2,2-diphenyl-1-picrylhydrazyl(DPPH)
g 2ASE E2ls7] 8 Wu et al.(2003)2] Wil meh A3
At FAET AEE YolFE AMESSlen 1.5mLe 7Zh7te)

AN
Alg9] 0.1mM DPPH& 1.5mLE 7}t & &35S nHl & 229

Blankabsorbance <100 (%)
2.4.2. 394
A9 Oyaizi(1988)] wlel weh Qa9 Hzte) Anw
L ogolesE ARSI AFWEE Uedt 2L AR 2mLo

0.2M phosphate buffer(pH~6.6).2mL%} 1% potassium ferricyanide
2mLE H7Mg & EFES 50ToA 203 #SA 713 2mLe] 10%
tricholoroacetic acid& Zt7re] Whg-Eol H7Fct wiYgs 9= 2mL
of T4 2mLe}t 0.4mL2] 0.1% ferric chlorideE A] g 3ol 713l
1050l AL AL FAE o] &34 700nmolA FFEE S45te] g
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2.4.3. F54HES

Decker et al.(1990)°] =wiiel we} AlZ&<) ImLel ol
3.7mLE& E3AIZ1 & 2mM FeCly 0.1mL¥} 5mM Ferrozine 0.2mL-S
gol kA A 10% F 562nmelA F3 =5 AR thaof Uy

o2 Aissitt

_Blank absorbance — Sample absorbance 100 (%)

Blankabsorbance

2.4.4. Superoxide dismutase FAFEA

SOD FAFEASA 2 Marklund(1974) el wel s=d@Z A%
7t A5 0.2mLell tris-HCl buffer(50mM tris+ 10mM-EDTA, pHS8.5)
3.0mL%} 7.2x107°M pyrogallol 0.2mLE 7}a}al 25Cel| A 10&7F W
2] % IN HCI(ImL)E ¥H3-& A% AlA 420nmel X F3=E 5Hs
Row, x5 AFELA il SoleFE HIkst tha Akl w
2t SOD AR ()2 AlLTskdTt.

-

A
SOD, like activity (%) = (1= 7B) X100

AT Aol FEE B: gl §8x

2.4.5. o2 &AT

Gray et al.(1975)9] el we} 2ekAd & Z<Ql nitrosoamine A3
del AR Agste obdAd Y A es SAHSAT. AR 2mL
o 1mM NaNO2 ImLE ¥3 0.IN HCI(pH 1.2)¥} 0.2M citric
acid buffer® W& &9 pHE 1.2, 4.2, 6.022 X4 thg
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& |9 BIE 10mLE T o] NS 37TCoA 1AZF HES-A]
A de ke 8IS 7t 1mLA FHE L 2% acetic acid 5mlL,

Griess A 2F(1% sulfanilic acid : 1% napthylamine = 1 : 1 in 30%

acetic acid) 0.4mLE 7}8te] 2 Z3sla A 2o 1587 vx &
520nmoll A 3 E=E SHste] TESE ofdAE o] S =S T

2.

S

6. FAEHET}

Aatste] S0P ES FAsEZHPOV)E AO.A.C(1995)H el
2t =743tk Dong(2008)9] Wl wel 50mM linoleic acid(95%
EtOH)¢} 0.1M sodium phosphate buffer(pH 7.0)& ©°]&3sle] pHE
002 ZA3} linoleic acid 10, f3hAl 19 vl &= Az o
=52 linoleic acidE" 7|20 % 1%=S 78k A3 Alggdo=r 3}
ok AstE EXA17]17] 948 50T, haelA 7R A4St
ste A A WHskEs SASISITE AR 1g2 Fste] #7118

(chloroform : acetic acid =/2:3) 35mL<S 7}ste] &8st & Kl E3}-&

-3

i

32 A

o

(T, — T,) X F > Nx1000

POV(meq/kg oil) =

S
Ty @ AlE9 FAHZ(mL) To : Blank®] A7 #k(mL)
F : Factor(=1) N @ NagS0s9] =22 5%

S AlRe] )
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2.4.7. Thiobarbituric reactive substances A4 A%

TBARSE Mitsuda(1966)¢F Sidwell(1954)<] Wl mat 4313
ot Al&® 2mLel 35% TCAlrichloroacetic acid)8<9 1mLe} 0.75%
TBA(thiobarbituriacid)A] ¢F 2mLE 7}slo] &3k & 90ToA 40+
oF Wk-g-AIZl th& WZA17]al acetic acid 1mL, chloroform 2mLS 7}
gk 5 8000xgellA 3zt AAlEeste] 532nmellA FFEE 5435131
U mm "ol2gm FAgste] BAskL A
272 slo] the 2o wEl ol tid TBARS A oA 9
(%)= Ar=s3

il
il

uN
N
o
o}

ol
B
&2
rlo
ofo
12
o

Inhibition of TBARS(%) — [1—-]%] %100

ook

A NFT By BT S35

2.5. Ao anserined @Eld WA AAT =A

2.5.1. Carbonyl group &% 3

chal g o] Abaiuk-g-o] wE carbonyl groupd A S 574 Hipkiss
(1998)2] WHiof w2} ovalbumin-10mg= 10mL2} potassium phosphate
(100mM, pH7)ell &3fA171 & A& hypochloriteE #H7}star 37T
o Al 1A17HE<tE WA F 21 hypochlorite A2 ¢ T A S 5% Trichl-
oroacetic acid(TCA)Z HZAAIZ & A4 E Fdl FSqS AAs
AHAES 5% TCAR 2¥ At dA=e] 2M HClell vl &3 Al
% 500uLe] 10mM 2,4-DNPHZ Z7}8lal 37TCelx 2417Hg<h
A7l & Zeko]l 2M NaOHE #71e & 450nmollA] SHEE =43}

R

-

.

32 oo
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2.5.2. A719%<& S @8 7tudy I AT 54

A2 HE FE3F anserine©] WA Absiuk-S-o] old] AT = )
wAgt g Aol mA= FEFe dotry] ¢ SDS W dE=
a5ttt A7)9%52 Mini-Protein 3(Bio-Rad Laboratories, Hercules, CA)
= AH&3Fe] Laemmli(1970)2] *Hell whet 8Jskitt. 7.5% polyacrylamide
gels AREsilem A5 Z42b 26pL¥ welldl S48kl 25mM
Tris-192mM glycine $+%-&(pH 8.3)% AFN o= ALgste] W79
5 ¥t HA7|Y9Es F SDS-gele] 9A-2 Coomassie brilliant blue

o Ao] Tt AL glacial acetic acid/MeOH/H:0

’

7oz Al

R-250< AHg-3}

a1
St (v/v/v, 1:2:

=
AL BEE 2R feld AR 2 Duncan® HsAAROE
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dole] AWMARE BAAI= Table 29 7o) F-& 76.34+0.31%, &
WA 20.45£0.04%, A& 3.75£1.20%, 3% 1.26+£0.04%= LEFSTE o]
T it AEE1995)0 WA e dWHdEES AR A9E
et o Lee(1998)¢] A7Atel =i 4% 68.7+£0.3%% °F 7%
zholg Hola wd 16.6+0.18%, A&o] 9.2+0.7%= 717} 3.85%,
5.45% A& ApolE yERllon 3|t = & ApolE HolA] ekt

ﬂ

1.2. Aol B4'H anserine 3% 4

Aojo] FZFof /UM Z+ R wWE anserine IHE EAEFITH
(Charles et al., 1966). L A% #&F-&ollA 5.06£0.63mgo = 7+ =4
BAEgon FRNE 214+0.14mg, [HEloA = 1.70£0.23mg
FrEo] dow TRk weElgke] Feo|HQl shgF xfol= (UUTH(Table
3). Choi et al.(1996)2 7lopdol o) F-oH A& A4S ¢ A% 750l
Hlal] F5o] AEx FEepo]i=el _histidine¥} anserine,carnosine®| 7}
Z wol sti-Eo] vt Haston Ao ol e HlE &
Foll anserine°®] 7} o] gfFIo AH(Kang et al., 2000). wz}

A B Ao as a849Q anserined FEFTHS Hste] dAoje] HFF
F9E AFEs o 5F 9 F weld anserined EAE QI

"
iy

sto 24 H|E anserine?| ¢#2 o} o] BAMEO] anserine

& AueA Ag 7Hse Aolgn Ara.
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Table 2. Proximate composition of chum salmon

Ingredient Content (%)
Moisture 76.34 £ 0.31°
Crude protein 20.45.£ 0.04
Crude lipid RO e 1.20)
Crude ash o 0.04

* Data are expressed as-mean * standard deviation .(n=3).

_26_



Table 3. Anserine contents in part of chum salmon

Content (mg/mL)

Head 2.1440.14"™
Body 5.06+0.63%
Tail 1.70+0.23"

* Data are expressed as mean =+ standard deviation (n=3).

Means within a measurement with different letters were significantly
different(p <0.05).
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1.3. frejobm] il B4
Aol o] Felopul it 2L Table 49 2ol BF 334%0] A%

Rom FFe 248591mgo R HAHOHT, Zt7te] fulohn]wate

i

29 B anserine, lysine, alanine, leucine, taurine, glutamic acid &
o] =o® Hol gyl AUAT L FellA %= anserinee] A ot
n =2k oF 43.06% 5 *A8F 2™ histidine¥} carnosine< 717} 1.58
%, 0.11% 3ol Ut wepd s|=EdA A2 feol=s &
histidine®} carnosine?] & oA JH o2 anserineo]
o] ¥OH % anserine FE& AREA Aoj7t AFsirta ddE

AolFo] FolA anserine] FH-g F& Luckton et al.(1958)°]
olul A4k v} 9Jom Park et al.(1996)9] AFollA = & A9 &
9] =t 2940, keta)d] frelotmAts 24 29 724~1242mg
o8 FAM 23S UEWH

Anserine2 G4 S E A Ao o]elo| = B&OlF, 4ol el Fel
T @ol E¥dly oz dHA Jom(Suyama et al., 1970) S5

= sole A, E7, Holl %9 dfEo dth(Davey, 1960)3L HilH

2. F2z271 9 s Tk BEAHF - wE 3 Hsl
H Ao += AoEHE Y anserine =2 ¢35t 1A &4
ol 23k, agla gke]o]HE Welslo] AL8-3}SIth Bussayarat et

al.(2005)2 FE& voll EAsks FH FATF Sdy} g2 st

57 Bdol WuEbseld] 92 vty shgom g aAsIwA
ARA el Ee] PFS ¥ F i WHel Bastiy stk ol
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Table 4. Composition of free amino acids in chum salmon

muscle
Content(mg/100g)
O-Phosphoserine 5.24
Taurine 94 .58
L-Threonine 53.15
L-Serine 68.47
L-Glutamic acid 90.50
L-Proline 54.52
Glycine 54.45
L-Alanine 130.75
L-Citrulline 11.68
DL-3-Aminoisobutyric acid 4.39
L-Valine 67.62
L-Cystine 9.13
L-Methionine 52.37
Cystathionine 783
L-Isoleucine 61.40
L-Leucine 124.34
L-Tyrosine 58.76
B-Alnaine 3.77
L-Phenylalanine 72.70
Urea 19.82
2—Aminoethanol 2.00
L—-Aspartic acid 67.09
L—-Ornithine 6.37
L-Lysine 153.68
L—-Histidine 39.29
L—-Anserine 107051
L-Carnosine 2.68
L-Arginine 76.12
o—Phosphoethanolamine 1.40
L-2-Aminoadipic acid 7.26
DL-2-Aminobutyric acid 6.98
4-Aminobutyric acid 1.67
DL-plus-allo-§-Hydroxylysine 5.37
Total 2485.91
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g B84 B 2 9uds 302 AAL 5 Aok sgle
1 2=

™ Chan et al.(1993)2 o]2u3S T3 E-es AAT 5 A
H

z+z} 60°C, 80°C, 100CoA el 71 e} o
glom FEwie w2 odwd F3, anserine?] I

btk

i

O

i

O

2.1. 7k A<
7taA el wE FEE whilE  FEH anserine?| ¥ 3Sl= Table
5} o} HZtE A Bl g whd slek S-Sl anserine $FEO|

2¥7} 23.64£0.21 mg/mL, 16.20+£0.09 pg/mL, 5.47+0.22 mg/mLe]H 60T
7FEA g T 7.4010.39 mg/ml, 2.324+0.02 pg/ml, 5.20+0.63 mg/ml., 80T
© 7.64 mg/mL, '1.20%£0.12 pg/ml, 5.11£0.15 mg/mL, 100TC 7} =g

= 7.04£0.28 mg/mL, 0.68+0.02 pg/mL, 4.04£0.31 mg/mlL= Y}E}
Wik v 7rE A g el Bls) 60T,-80TC, 100°C ZhE A&+ A gt
Fol Zkzt F 69%, 69%, T1%HE AAHJoH FH FF oF 86%,
92%, 96% BE FrAESATE. 18]l anserine $F] A BI7FE A g
o vla) 60Tk 80C 7FEAE+7F oF TR H &= FHaspl ot 80T 4
G A7t A g et FelHom 2 Aol jlem 100T 7HEAE T
anserine®] o] 26% FE TA¥H«= AR FAEHAF Y, 7} =g

A ZkEAE R A3k 100C 7FEA e 7 S8 @ 5 EeE A

>,

.
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Table 5. Effects of heat treatment and permeate of ultrafiltration

(UFP) on protein, iron and anserine contents in salmon

extracts
Treatments Contents

Protein(mg/mL) Iron(ug/mL) Anserine(mg/mL)
Unheated 23.64+0.21"  16.20%0.09° 5.47+0.22°
Unheated-1 6.0040.64¢ 2.9440.06" 4.46+0.26%"
Unheated-2 5.424+0.13% 1.60+0.07" 4.35+0.56°
Unheated-3 5.2240.12° 0.64+0.02%" 4.32+40.32'
Unheated—4 4.46+0.04" 0.42+0.03™ 3.09+0.08!
60°C 7.40+0.39™ 2.3240.02° 5.20+0.63%*
60C-1 7.50+0.23" 0.4840.02' 4.93+0.56"¢
60°C -2 5.40+0.44% 0.50+0.05" 4.67+0.60%
60C-3 4.98+0.28% 0.34+0.01' 4.1640.57%"
60°C -4 5.16+0.31° 0.34+0.02™ 2.58+0.52
80T 7.64+0.04° 1.2040/12° 5.21£0.15%
80TC-1 6:76%0.20° 0.94%0.02" 4:15+0.21"
801TC-2 6.78+0.29¢ 0.7440.03¢ 4.86+0.50
80C-3 4.98+0.09° 0.524:0.02" 4.03+£0,34%"
80C-4 4484028 0.30£0.01™ 3.26+0.24'
100C 7.04+0.28" 0.68%0.02°" 4.04+0.31%"
100C-1 5.4040.48% 0.58+0.01™ 5.2240.28%
100C-2 6.0640.04° 0.42+0.02™" 4.5140.35%"*
100C-3 4.6840.07% 0.40£0.01" 3.7840.28"
1007C-4 4.68+0.22°" 0.14£0.01™ 2.494+0.24

* Data are expressed.as méan =+ standard deviation (n=3):

Means within a measurement with different letters .weresignificantly

different(p <0.05).

Untreated : represent the sample without heated treatment and water extract.

60T, 80T, 100T

UFP : Ultrafiltration permeated.
1 : Ultrafiltration (molecular weight cut off 30000<)
2 : Ultrafiltration (molecular weight cut off 10000<)
3 @ Ultrafiltration (molecular weight cut off 3000<)
4 : Ultrafiltration (molecular weight cut off 500<)
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of 7kg &Aoot 60T, 80T 7FE* 27+l ¥4l anserine ¥
o] ZavF 2 Aoe=w yeErgth Igene et al.(1979)¥ Chen et
al.(1984)2 HaL7]5 FE=& 7MTES A% TH A mad4olg
H a3 o™ Chan et al.(1993)2 60T, 100TC 7FE A& +7F v 7}
Ao Hls) TH FHFS FAaAZRTIL 54312 Gopalakrishnan et
al.(1999) %% 7t A& domA didy FHdS AT B
astglon o= E AdAet FARE AyE UERT

g Fo=A EAFE zHIgoen -z F
anserine?] HWIE FAGSIFtHTable 5). @Az o] yE 3l
FEEo] 7tEAY FEEO HlE dAdY A o] HdAhvE BES
e om m7tEA gl A g ghejol g e v i thijrle] gheko] of
81% #AF AT 60T, 807¢, 100C 7k 2 3dkejoiz X1 71 A
g tell Bl 22 81%, 41%, 33% B ™ steko] 7hAag el
oh v7kd 2 geloj3 APt o 97% AR =d 9% #aE e
Womn 60T, 80T, 100C g3 M FAME oA RE F
shefol 7HAE olsh 4= ASATl Anserine $HFo)l 4<9- HFE dhelof 3}
AYTE oF 43%9] FAE HEHew 60T, 80T, 100C 714 B ¢
oz} Aol A9 zH2t 50%, 36%, 39% A= skl ol ghelo]
A Gy 2o afA EZE0] anserine?t £ AA 2] o
et F3E Waldk Aolgt BZ4E ™ Chan et al.(1993)2 4”& o]&
A FooHE Yegls w FAE FEEC HE
28% A% 7+A3skithal 819l oW Gopalakrishnan et al.(1999)% 32|
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3 Al o 420 P Bud =R Bo B AW fAD

o

=5 T 9d, T4, anserined ¥F
ZAMGE A= Table 691 YERATE Dowex 1X8 A& o]&sto] 14}
o] 2 S 3t o] FEES o]83st] M.w 500714 ghe] o]z}
Y& 3§ CM-celluloseE ©]&3dto] 22 o]2ulshs it 14}
o

WS 3 Ay} vhlal FA anserine 30| Z+7 7.304+0.26 mg/mlL,

I~
e~

6+0.01 pg/mL, 6.38+0.31 mg/mLE A HJc). gl 2 3
o] 749 w7t A gl HlE]-°F 69%, 98% #AEkR} O anserine &

AL ok 17% F7kstde™ 60°C, 80T, 100T 7k 2] ol H]3)
g 3hge 2 Aok o FTH Y A9 80%, 61%, 32%
259 01 angerine ¥ 22%, 20%, 57%<] 57+ UERLE. o]
st Al F2ES ool F S A dMA FH anserine ¥
< 47 46%, 91%, 34% A&SIET ol H|ZFEA Tk A g

Toll HlE] W vl FZHekesS el HFA anserine %2 7MY

=0 £AE vepWth CM-celloloseE 9] 83 24 o]lens FEEL
12} o] 23k 9 she|ofa AHe]l FEEol Hlsl-sH ey oA ke

32
lo

o] oF 28%, 70% ol o™ anserine $g-F 12% HE 743}
U 7 Ay b A ] B gke]o 3k o M]S| anserine $HFo
BUA R FE gl wEkA HIZMEA Y FEEI 7FEA
grejofat FEEol Hlal o] ulgk Bl ghe|out FEEo] BaE o

< HFUA AHA SR anserined ¥FES =9 7 Ude FEUHolH

AEE S

_

i
o g
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Table 6. Effects of ion exchange(IEC) and permeate of ultra-
filtration(UFP) on protein, iron and anserine contents

In salmon extracts

Contents

Treatments
Protein(mg/mL) Iron(ug/mL) Anserine(mg/mL)

[EC-A 7.30+0.26" 0.46£0.01° 6.38+0.31°
[EC-A-1 6.78+0.16" 0.40+0.01° 6.19+0.79"
[EC-A-2 5.3440.17° 0.40%0.01° 4.61+0.87"
[EC-A-3 5:010.20¢ 0.2240.01° 3.35+0.25¢
[EC-A-4 4.7440.06¢ 0.14+0.01¢ 4.22+0.09™
[EC-B 3.90+0,11" 0.04+0.01° 3.72+0.21°

* Data are expressed as meant * standard derivation(n=3).
Means within a' measurement with different letters were  significantly
different(p <0.05):

IEC : Ion exchange chromategraphy treated.

UFP : Ultrafiltration permeated.
: Primary ion exchange chromatography(Dowex 1%8) treated.

. Ultrafiltration (molecular weight-cut off 30000<)

. Ultrafiltration (molecular weight cut off 10000<)

. Ultrafiltration (molecular weight cut off 3000<)

. Ultrafiltration (molecular weight cut off 500<)

: Secondary ion exchange chromatography(CM-cellulose) treated.

o W~ >
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= - 205kDa~6.5kDa Atole] @& W=7F e vhd 71d
g FE=I Foo FEEY A vIEAY FEEAA HEE
W=7t AAReZA 1EAF BHo] AA" AdE Yveldllth
100C 719 FE=°lA+= 6.5kDa ©]ste] peptideEe] #H&EJIo &
olojyt A FEEANME METF AAGORAN BeE e

T ANeH 1} o] 2wt B ghejofIt Ay, 23} o] 2w AY FEE

T3 U FEEC HE 28R 2] AAE Aom yewt F,

2
o
ju7)

]
FEE Myt Bo] TAE Aoz Hol thuhz mo] BEFo] AAH
AE AT & Jdlom L oA o] 2ty e HE st

S8} 23 o] enP AYFE o] 1Y EaHel Yol AbgHrh

71718 S T TS0 e AolE HlaLsk Adt= v A WA
HPLCE o]&3td, 72t % x7¢| wE ®stE Fig. 11, 12.9] UER
HPLC ¥4 A3 55292 4 anserine? peaki= 13#-tholl e}ttt
H7td A gl e 7hdA 2] BLogke] ol ale] FEEelA B 13E ol ¢4
anserine® 5U3 peak7} FelE9IoL) 2 peakso] 15~198d o
of Yehd Aoz FAEAct 60, 80, 100TeA 7k & dhejoin} A
g FEE0] H7HE FEEol Hl8l peak7t A= AES UEREET o

= 9 g o] Fhael] o3 Ao AZ4HET. Dowex 1x8% ©]&3)

o8

3k 1389l anserine peak”} el

=
o 15&tol t& peak’} #HZHAT. 158t G99 thE peakES
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Fig. 10. SDS-PAGE patterns of each purification step of

salmon extracts.
A, water extract;'lane 1, B, molecular weight marker; lane 2, C, water
extracted and ultrafiltration permeation(UFP) 500 cut off; lane 3, D, water
extracted by heating “to 60€sand UFP 500 cut offi“lane 4, E, water
extracted by heating to 80C and UFP 500 cut off; lane 5, F, water
extracted by heating to 100C; lane 6, G, water-extraced by heating to
100C and UFP 500 cut off; lane 7, H, Ion exchange chromatography
treated with dowex 1X8 and UFP 500 cut off; lane 8, I, CM-cellulose

ion exchange chromatography treated.
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Fig. 11. HPLC chromatogram of salmon extracts

A, standard anserine; B, represent the sample without heated treatment;
C, represent the sample without heated treatment and permeate ultrafiltration(UFP);
D, represent the sample which had been iextracted by heating to 60T for
15min; E, represent the sample which had been-extracted by heating to
60C for 15min and UFP; F, represent the sample which had been
extracted by heating to 80C for 15min; G, represent the sample which
had been extracted by heating to 80C for 15min and UFP; H, represent
the sample which had been extracted by heating to 100C for 15min; I,
represent the sample which had been extracted by heating to 100C for
15min and UFP.
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Fig. 12. HPLC chromatogram of salmon extracts

A, represent the sample. ‘which had been extracted "by 1on exchange
chromatography(Dowex 1X8);+B, represent the” sample which had been
extracted by ion exchange chromatography(Dowex 1%8) and UFP; C,
represent the sample which had been extracted by ion exchange
chromatography(CM-cellulose).
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Fig. 14. LC/MS chromatogram of salmon anserine

A, represent the sample which had been extracted by ion exchange
chromatography(Dowex ' 1X8)! and UFP; B, represent the sample which
had been extracted by ion exchange chromatography(CM-cellulose).
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Table 7. Scavenging activity(%)" of free amino acids, antioxi—

dants, anserine and freeze dried salmon anserine on

0.2mM 2,2-Diphenyl-1-picrylhydrazyl free radical
under different concentrations
Concentration(mg/mL)
Sample
0.5 1 2 3 4

Taurine = - 1.3440.19™  2.01£0.43%  3.74%0.15°
B-Alanine - - 1.5940.27"  4.8140.34"  5.16+0.45'
1-Methylhistidine ~ 4.75+£0.19°  5.38+£0.09°  7.08+0.85°  8.54%0.34°  9.12+0.90°
Anserine 9.30£0.65°  10.06£0.60° 15.75+0.46° 21.99+0.50° 28.23+0.24°
IEC-B 7.30+1.13° 18:25+0.38° 21.25+0.46° 25.40+0.13° 31.05+0.17°
Ascorbic acid  38.63£1.76°  47.41£2:69" 59.99+1.87" ~61.66+£0.85" +.63.77+1.78"
BHT 74.29+1.06° 76.07+0.88" 79.91£0.52" 81.18+0.65" = 82.86+0.39°

Blank absorbance]*100%.

* Data are expressed as mean * standard deviation (n=3).

The results are shown as/ [(Blank absorbance-Sample absorbance)/

Means within a ‘measurement ‘with different letters were significantly

different(p <0.05).
Not detectable

IEC-B : Ion exchange chromatography(Dowex 1X8) treated and ultrafiltr—
ation(molecular weight-cut.off 500<) and Ton exchange chromato-
graphy(CM-cellulose) treated:
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T B-alanine, 1-methylhistidine, ¥AFSIA|Z+= ascorbic acid, BHTS
AREstalom 12 o] 2wk Bl gke]oji}t Al & CM-celluloseE ©]-&3f
o] 2aF o]2ud A3 FEES ol&sle] Ay 1 Ay =
FolM s= STl wEt e A7sol b8 e taurine ¥ B
-alanine®] 79 0.5mg/mL, 1mg/mLe] F=olME= 2oz 27 50| YEl
LAl @gtont o ol siolA ofzhe] gkt A4S uEhilth
BHT, ascorbic acide &%= &7l whet 2}2; 74.29~82.86%, 38.63~63.77%
2 Z7FIiE BHTY 45 5% S7kel &l gelzd 2Ase] A 571
A ¢kkt}. Anserine, methylhistidine®} ¢1o] 2x} o]&wdt F=E<2 [EC-B
FEE I3 = Sl wet gz 27wl S7F8I e ascorbic acid
¢} BHT 2ol 2459 oF 48.69%, 37.47%E LEFA oM AlFel|A] ghilg
¢l anserine AFHU gt F& @z 4A75S UEIGE Anserine®]
hydroxyl radical #7622 histidine 77|19 S 2HE FAE Fojs= o
2R E vEEcky 2y vk Qe Son et al, 1995). #ol= ESR A&
%3l anserine?| hydroxyl radical E2A3} w&o| &<lx v}l JrHKazuaki
et al., 2004). ©]&gt anserine®] FAAFATE A% FolA= AAsIeIAlE

A FHo= QA Tl gke dAT)E A2 o8 The e Al

dutd o gdeS Astd =4s ] SdATIE s golu 3
B4 30| Fe /fferricyanide ®&A S ferrous® Bl =

SHAAIA Yehd e AEE 700nmelA SAsHE A2(Qi et al., 2006)

2 FFE AV 255 =2 399S 7FItGordon, 1990). 1o

=
anserine®| $-H=EE 7HX=A] ERlsl7]| fJdl ZH7be] 2ot FEEo 3
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S ZAslglom 1 AiE Table 83 #th AA|F o= % Z7lo
<7kl o™ ascorbic acid$} BHTZF 71H¢ &2 94

S 7 Ao ® e ascorbic acid®t BHTE A|9)3F =] A&+
StA anserine™ 0] 3= anserine?l IEC-B F&&o] A 3k

A Aoz et T3 anserined T4 o}v]:=AFel B-alanine

1-methylhistidine 7+ 3H8S YeRTE Wu et al.(2003)2 ¢

&oogm ol
o
N

Hepol=of Freopn|iette] ghHS HFF At anserine©] 7Y w2
ddEs YEbita Basigla, olfd Adke wElduEs & 9A
Al AL FA g ARl whgom HA 5 Qs Aol AR
Hot

3.3. % ZAYE®

e 3EFH AL, 283 o9 g4 A H das ey

=

Holmg&or dxpe) Aoz Adols =2-d delee e Sh= W

3 Ml A" Bighid AbstE Sujsia 4350 7 B

)

Z Fol Ao 2kslE ZvjA| 71tk (Decker et al.,, 1992). Ak3E =

AN 5% AP A FHsel IS Bass A gas
MAUZE Fol shibolth sdlAglol #% anserined) FE BAHL
5915 L

7]
tHTable 9). X3t anserine® ascorbic aicd, ¢1°] = anserine?l

IEC-B9 & ZA#olET o4l Zol7t §lle™ taurine, B-ala—
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Table 8. Reducing power of free amino acids, antioxidants,
anserine and freeze dried salmon anserine under

different concentrations

Concentration(mg/mL)
Sample
0.5 1 2 3 4
Taurine 0.025£0.002° 0.029+0.002° 0.028£0.001° 0.029+£0.002° 0.03240.001°
B-Alanine 0.023£0.002° 0.026+0.001° 0.028+0.002° 0.028+0.003° 0.028+0.002°

1-Methylhistidine 0.029+0.002¢ 0.033+0.001%-0:036=0.001¢ 0.038+0.001¢ 0.043£0.002¢
Anserine 0.031£0.003%.-0.05940.001° 0.090+0.004° 0.112£0:001° 0.136£0.001¢
IEC-B 0.053+0:008°  0.061%0.001° 0.086+0.003° 0.110%0.002° 0.134+0.002°
Ascorbic acid  2.533+0.019" 2.606+£0.017> 2.659+0.024" 2.757+0.013" 2.912+0.174"

BHT 2.868+0.058" 3.311£0.072" 3.612%0.174" 38.913%0.045% 4.000£0.184"

* Data are expressed as mean =+ standard deviation (n=3).

Means within a measurement with different letters were significantly
different(p <0.05).
* Absorbance value at 700nm. The reducing power of control group is
0.021.
IEC-B : Jon exchange chrematography(Dowex 1X8) treated and ultrafiltr—
ation(molecular weight-cut-off 500<) and Ion exchange chromato-
graphy(CM-cellulose) treated.
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Table 9. Chelating activity(%)™ of free amino acids, antio-
xidants, anserine and freeze dried salmon anserine

under different concentrations

Concentration(mg/mL)
Sample
0.5 1 2 3 4
Taurine 1.33£0.32¢  2.7120.34'  4.76£0.65'  7.10£0.34*  8.91£0.29
B-Alanine 4.20£0.64"  16.59+1.06° 25.74+1.00° 38.15+0.39° 39.36+0.58°

1-Methylhistidine 12.34+0.12°  14.25+£1.21° 26.17+£0.79° 30.13+0.54" 38.26+0.31°
Anserine 14.1740.24° ~23.07+0.067  44.2240.18° 54.60+0.50° 66.32+0.52"
IEC-B 18.28+0.18° 27.21+0.57° 38.93+0.08" 47.2440.90° *65.04%0.16"
Ascorbic acid 20/45£0.02°° 37.84+1+21° 48.25%0.39% 59.24+0.17% 65.77+£0.29"

BHT 32.82+£1.18" 52.831£1.70" 61.24%£0.54% « 74.29+0.25"  79.46£1.04"

" Data are expressed as mean * standard |deviation (n=3).
Means within a measurement with different letters were  significantly
different(p <0.05).
” The results are shown as [{1-(Blank absorbance/Sample absorbance)}/
Blank absorbance ]>}<100%.
IEC-B : Ion exchange chromatography(Dowex 1X8) treated and ultrafiltr-
ation(molecular weight cut-off 500<) ‘and len exchange chromato—
graphy(CM-cellulose) treated.
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nine, 1-methylhistidine®l] H|3l] %2 Ado|EFS YET

Stoch et al(1995) Fe® ¢} Cu™ ¢} #& #olF& o] o] &

AEA 7] = R AT WA S

to]Eso] A AAstE AN ¢ Jdvkal Bastgith o] A3S Sa A
FZ 80| Fe” o 28584 Ad AL FAsiglon A4 2 ghald 2

35 o)AMY & U< Hlole ApmE

U
U

=

3.4. Superoxide dismutase FAFEA

SOD+ superoxide radical(Os )< AAR 2FSEA| 7] =(02 + HO, - —
302 +H:00) HAAsIA R A dow s Anlske 7| ded &
A3 H A superoxide anion radical® &X' EIHE HBIE IS
st (Pokorny et al., 2001). ¥4o] = anserine?] IEC-B F=%&, 1
i 67FA HaTE didem =¥ SOD FAMAYS 2ANE A
Table 107} 2t} 6708] ¥lul+-F ascorbic acid; BHT7} 3 80.41%,
26.71~71.07%% x< TS HEHoH (do|2FH F53 [EC-B
o] 2§ ascorbic acid?} BHTHT e SAS Heoy Fe7t &
Zbtel whet 2o Frkete™ g4 anserined AR SdE UiE}
Wk Kim(2003)9] €d-of| 4] E=3t anserine, carnosine, homocarnosine©]
BHTY ascorbic acid 2T SODFAFE o] WAL LEFREAITE a-tocophe
rol, erythrobic acidE.th= 27 9.1~1449), 1.8~6.38 =& FA4S v}
Eplvkar Warskint, o2 gk A&A EH@Eo] SOD FAEAE & Adu
= AMde] HuHWA AR AN ddd ge A7 18 Fo

A,
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Table 10. SOD like activity(%)™ of free amino acids, anti—

oxidants,

anserine and freeze dried salmon

anserine under different concentrations

Concentration(mg/mL)
Sample
0.5 1 2 3 4
Taurine 22.8940.16° 23.96+0.45° 30.34£0.87° 34.35+0.42° 39.15+0.71¢
B-alanine 10.50+0.24° 12.5440.41" -15.13+£0.08° 19.39£0.62° 22.77+0.24°
1-Methylhistidine  8.47+0.74"" 9.156+£0.21%  10.64+0.26" 12.85%0,18" 17.93+0.57"
Anserine 15.6140.18%  20.04+0.17° 29.71£0.76° 35.74%0.25° %.40.13+0.44°
IEC-B 10.6840.41° 14.21+0:25° 21.47%0.12% 30.15+0.56%  41.28+0.21°
Ascorbic acid 30.3940.35° 49.40+0.75° 62.08+0.24"  73.84+1.42"  80.41£0.49°
BHT 26.71+£0.94" 38.41£0.24° 50.11£0.41° 62.31+0.95" 71.07£0.69"

Data are expressed as means t+ standard deviation (n=3).

Means within a' measurement with different letters were significantly

different(p <0.05)

“ The results are shown as {{1-(Blank absorbance/Sample ‘absotrbance)}/

Blank absorbance]<100%

IEC-B : Ion exchange chromatography(Dowex 1X8) treated and ultrafiltr—
ation(molecular weight cut off 500<) and Ion exchange chromato-—

graphy(CM-cellulos

e) treated.
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3.5. FitsHE 7}
4 anserine, 1o FEE 183l FASIAIE #H7He linoleic acid
o] WitstErtE SASAtHFig. 15). 1 A3, A4 7]7HE < linoleic
o7 Z7}8 o} Ascorbic
acidet BHT®] 7% ®]nlA E RS 1= A S gl s
anserine?} o] FEE9 A5 dixTo vl FilstETre] SUHE o
AxZem 1 madrp FARRE S dEbEle Wu et al.(2003)3%
Boldyrev et al.(1995)¢] ¢1olA anserineo] #|%¢] 3}ak3lE A3}
© 27t dva Hastglon B A3 A anserine, IEC-B A
S 7F AA| A 02 ascorbic acid®} BHTH U= @2 58S 7R A
F TAAE Vo w s u Tl wish 2z °F 35.96%, 46.58%,
43.84% FAANF 02N AAJANSA =AY o] &o] 7hsT Flo)et AlmET

2D

3.6. Thiobarbituric reactive substaces A4 A=

Ex3} Aatog2 R E E A% malonaldehyde®} thiobarbituric acidE
E(TBA chromogen)® 55 5338t A=
TBAZFE}AL hoh Rt o2 ofiggjo R ol ghs TBARS(Thio-
barbituric acid reactive substance)2tal E&3sIH A P-aiksl Ao}
Hy 2o dApola oy ZHA AEEo2EE TBARS 42392 &3
o7} @o] At Pokorny et al., 2001).

A anserined} o} FEE, 181l FAstAS H 713 linoleic acidd]
TBARS A4 ¥2tE Fig. 1691 Yebdth. BHT H7H7F 7Hd w2 S7F
E YEW e Controlol H]38] 34 anserine, IEC-B F&&°] TBARS
S AAAR e 1 g3= FAFET ol gk Aol tHell Laleye

et al.(1984)2 A %7] A HAF3} o] 93] malonaldehyde(MA)7}F o=
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Fig. 15.

Reaction time(days)
Effects .of anserine, freeze dried salmon anserine,

ascorbic acid:and BHT on peroxide value of
linoleic acid stored'at 50C for 7days.
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Fig. 16. Effects of anserine, freeze dried salmon anserine,
ascorbic- acid-and BHT on TBARS(absorbance) of
linoleic acid stored at 50C for 7days.
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AAEY dAGAI T MA Aol HAaEAY & E+ histidine 59
obn| ;= 4kit AgFele] TBARS ko] FHAdThal Bashgich i A3 oA
Ae] F% anserine$! IEC-B F&%°] Controlol Hl&| TBARS A&
AAAIZT Aol MAZ} histidineAdl HEFO] =21 anserine?} ZAEsle] UE}
o Al AlsE oA AksETE AR fARE A ES UERE o R A

AAFUSAZA ) ALg b B o FUd 2 5 A

=
aL o] Al alkonium iona BZ3ste] E¥idoji} DNAC 4A3tE o
oA s e soE &HA AotBrown et al,, 1981). & A¥
1.2, pH 4.2, pH 6,022 Zd@te] pH W3] whe ozt
F R It} 22+ ¢4 anserine?} 1-methylhistidine,
ascorbic acid, BHTE AF&3st3lom™ <do] =% anserine?l IEC-B F
=% 7 dx75S S48 d4= Fig. 173 #4. #A-EE pH =
Ao A oAb 27T pH7E He5 2 2A% S HEWHh pH
.2 ZZ8}ell A ascorbic acid7b 7HE 2 27%S HYEOH anserine
A9 w5 Z7el wEh 14.48~30.04%9 27S YERATE [EC-B
& 13.98~29.27% % anserine¥ FoHOo® FUAT LTS

=2
=
=)
N
Y
olr
o
m>«

E)—*

FE5
Witk pH 4.2 AddaE AAH oz pH 1.26 4Kt} oA A
so] vl om pH 6.0014 ®3F hAFe] FHAadte] AFAHoR pH

o
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Fig. 17. Nitrite scavenging effect of the anserine,

methylhistidine and freeze dried ‘salmon.
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1.2 oA ot &7 50 7M=& As Fdd & ddH A
(2003)7} Kang et al.(1995)e] ¢lstH o2l pH Z7dA ofdAA A&
Ass APE A3 pH7F Ho5 =& 4A7es UHEHEHL o
ol & AAAH} A AeFe vEHET olgg A3E & W o
AR AAREE pH 213 #dES 2t Ao=Z Azt ofdAk
AFE Fol SR8 aminew¢F Bhg-eke] AX1 o] =2 <Ql nitrosamine

I} o] % anserine©] A Ul 91¢] pH 9 A IGANA 7 =
& 2A%S YehgogA AUdAE aizoz ol AAFRES

4. Aol FF anserined| @¥A WA o] nX= F3F
A fFrElEtg S st 2 wsl A Ao Jaat TfAel o] F
7 o9a2 3t} Hipkiss et al.(1998)el] 23H AtA f-zlgftidol 2]

A4 ¥l hypochlorite anion< carbonyl group= A4 A]7]™ crystallin,
ovalbumin, bovine serum albumin(BSA)¥} 7fulZdshs do7A 1=
o] 22 AL oA Ha Has oA glow T Jtstet glycation
(non-enzymatic glycosylation), “12]al o2 st WA ¥ thulzlo] &22o. o
WA o w W A AE U AR Bloesiebiatddd Byt A e
3= Aow deA JtHStadtman, 1992). A=7F4] H.al¥ hypochlorite
of o3k @wd WAool carnosine &Il W B2 ATE S
histidine 6]—0 1;],&1]5}0]1:7} D}uuzl tlfl}\-] og o]d é_]
A2 7HsAde] Advkar s tk(Hipkiss et al., 2001). & AgolN= A
ool FZ3} anserine ©]-€3}] hypochloritel] 2]3] A%+ carbonyl

group B @A ZhaAS gl A= dFe =AM

ok
ﬂ] O
ﬂ
Ho
ol
ol
rlr
=
X,
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4.1. Carbonyl group &% =3

Hypochlorite anion< %Al &gk wle} 7ol carbonyl(CO) groups
A3kl o] A o] crystallino]v} ovalbumin 3 wHE-sle] A3t 7wl
Atd 132 54 =, HATIsMb=E(advanced glycosylation end
products; AGEs)& A4 st ofzle] AW Bl wslo] e nj7tel% 2
|45 3= Aow d# A At Thornalley, 1999). CO group hydroxyl
radical®} hypochlorous acid® ¥38at= WAl AAF(ROS)2 244
QL Ap-gwt ofuel A 3kslE<] malondialdehyde(MDA)$} 4-hydroxy—
nonenal& X 33h= aldehyde$} wHg-3to] AAE A ®rh(Hazell et al.,
1993). wehA AAZ CO group] EAl= @ w3ho] dubH9l X
AR 2 8 1Ak R AFS-E th(Stadtman, 1992;- Goto et al., 1999). ¢
o] &= anserine©] hypochloritedl] 2J3] A%+ CO group Aol 7

2= S ZAFSE A3 Table 113 #Zt} Ovalbumin®l hypochlorite

A

9} Ao} F= anserine?l I[EC-B F=&5<5 #7k3t & CO group ‘ZHa&
A

M7betel s wl 2b7} 6.15+0.84%, 16.19+0.82%, 26.69+0.69%, 33.28
+£1.96%, 42.78%0.94%2] CO group? HEE HEWOZH FHE9
SE7F S74gel wEl CO groupe] AA AT E S7tets Ade U
EFWATE. Hipkiss et al.(1998)¢l  m=w BSASl malondialdehyde%}
hypochloriteZ ©]-&3F wald- A A A] o histidine S+ FElO] =7} A
A7l &3 doar siglen ol JEel=rE @ulE e CO groupdt
A Ao g w-e-sly] wjiolgta HarE o]z th(Hipkiss et al.,, 2001).
o2 AoJZHE FE3IH anserineo] A WAl & AAMH
carbonyl group& #AaA7IE AES sto] w3hel #HY whEs x4

sl 83 Aol AbmE

_55_



Table 11. The effects of salmon anserine on the loss of
carbonyl groups from hypochlorite treated

ovalbumin”

Sample Concentration(mg/mL) lost CO group (%)

0.5 6.15+0.34°

i 16.19£0.82¢

IEC-B 2 26.6940.69°
3 33.28+1.96"

4 42.78+0.94°

* Ovalbumin(lmg/mL) was incubated with hypochlorite at 37°C for 60min.
" Data are expressed as. means & standard deviation (n=3),

Means within a ‘measurement with different letters were significantly
different(p <0.05).
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4.2. A719FS T 99E Jtu A% FA JAT &<

7% anserine$l IEC-B F&&o] ©id WA wA= 3=
gl K 12 ovalbumin®] IEC-BE 217} 1~4 mg/mLe &=
A7Fste] hypochlorite¢t RE-gAIA @i a3 ¥

sttt 1 A3+ Fig. 18% Zth A lane hypochlorites 2|3}~
2 ovalbumin®]™ Bi= hypochlorite A 2]&F ovalbumino]t}. C, D, E,
F lane hypochlorite 2% ovalbuminel IEC-B F&&& ZH7 1,
2,3, 4 mg/mLe sE== H7}3 Ao|t}l. A laneo A+ ovalbumin® A

g wmd asrE gEEgod o FEEs AUk @

dob

hypochlorite?t 2|3t = ovalbumin® @& W=7} FolE AL
olst 4= Ak, Aol F= anserines Hzkd oAM= FAE
ovalbumin WME¢} FUsA YERG o, Ao F5 anserines 1~4mg/

mLe] sEZ A2 Ay ZF @M band7h #FE AL Hop

e

o] FZ anserine®] hypochlerite *2]gk & d o] glycation HHg-S
AAE = JS Aolgt AlE¥E T Anserine, carnosine?} -2 histidine
S dfeel=x onuEe JtERAV|E 7R ok OIFo R o]F
A A= o]Ao] glycation®F#, $AHH 08 Agtele 57o] glo]
Aol uAs A Bu® AT (Hipkiss, 1998)7F 1o
bovine a-crystalling “hypochlorite #]2] 3}t carnosine® 723 &
A oA 5S 233 Hipkiss et-ali(1998)3 O'Connell et al.(1994)¢] <
TolA 2 AR sdg AdE YEpd 2SIt

ﬂl
_l
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Fig. 18. Inhibition of hypochlorite—-mediated protein cross—lin
king by anserine extracted from salmon. Ovalbumin
was incubated with hypochlorite(reagent grade)
for 5min at 377TC.

A no hypochlorite ‘treated ovalbumin, B: hypochlorite treated ovalbumin, C:

hypochlorite treated ovalbumin+ lmg/ml salmon anserine(using CM-cellulose),

D: hypochlorite treated ovalbumin*2mg/ml. salmon anserine(using CM-cell

ulose), E: hypochlorite treated ovalbumin+3mg/mL salmon anserine(using

CM-cellulose), F: hypochlorite treated ovalbumin+4mg/mL salmon anserine

(using CM-cellulose).
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