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Effects of Extraction Method on the Carnosine, Protein,
and Iron Contents of Eel (4Anguilla japonica) Extracts
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To improve the extractability of carnosine and the levels of pro-oxidants such as iron in eel (Anguilla
Jjaponica) extracts, we examined the effects of extraction time, temperature, ion exchange chromatography
and ultrafiltration (UF). The respective protein and total iron were reduced approximately 55 and 60%
at 60C, 63 and 70% at 80°C, 68 and 76% at 100C and 82 and 48% with ion exchange chromatography,
respectlvely, compared to the untreated extract. However, there was no significant difference in the carnosine
levels in the eel extracts. Ultrafiltration reduced the protein content of the extract by 52% compared with
the untreated extract. UF reduced the protein contents of the samples from 60, 80, and 100C heat treatment
and ion exchange chromatography treatment by 27, 50, 46 and 47%, respectlvely UF reduced the total
iron contents of the identical four treatments by 14, 22, 23, and 43%, respectively, while UF increased
the carmosine by 23, 17, 20, and 6%, respectively.
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Carnosine<> B-alanine® histidine®] o] = H3E o] F
T Qe OAE= SFEEA oF 1009 A Ao} Heha}
) Gluevitch and Amiradgibi (1900)9] 2J8] ML o= A
L=

Carnosine-S 2 F F 5

=]
%‘E-’] —11_, 1:11;5) [e]

o @ol g5 ]

gtk Ld#HA e (Crush, 1970), AE7}HA] camosineg} =
28 FE Har)et AW, 53 22 S 589 4

e}

S YEE o]FoA $it} (Chan et al., 1993; Gopalakrishnan
et al, 1999). 2ol B goz EAsln Y AP el
0]=91 carnosine< in vitrool Al &, hemoglobin} singlet
oxygenoll 2J3)] == AEE AN 5 Atk Aol
WA 1T} (Decker and Faraji, 1990).

A7} heme T T84 THFEE T camosine®] YA HF
st A, e AgE H F, AR He
superox1de anion, H>O,-OH A1, o] Ao Awtitsl
E A4 4 Ao SFH Y (Kanner et al, 1991; Chan, 1993;
Decker, 1993). Heme 3t 3}3+E 3 methemoglobin in vitro
o} AA el A AHHAEste] B4 FuljAo]a AT 2 RE
ERAHA AAFIAE A7 AWM= camosined] TEE
Eol FAISHAA A& A 9 §ae EE F e 7Eol
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Qe dvti B3 (Bussayarat, 2005).
Decker and Crum (1993)= 7}g€ 8] 2 3ol g xa)=

T o= A= fES ddwAdn e AsEAA Y
Fe Ao 03 Busgoy & 6 AdEl F
8] iAol dasidn Az Avrt B ER

20 2 RE carnosine?] T3 FE W tsAE= of
2 Hyg bt gle AAelth
walA] B A7 M= H-& camosine «] ke
*Pﬁiﬂxﬂ/] t\S:J'OT: 7<€ ‘}l: gl‘_' "
2 AFG7HA A28 b gle 2 B8
B tjekdt FEWHOZ carnosine S
carnosine X AH8}E A o] kg H]

ol AL&3F WS (4dnguilla japonica)= —,—J—%@,/\]
GHEAAFANM HgA S 300-400 g, A 50-70 ¢
ol Ul dolsle yelz YAz sarstol

Carnosine ¥+ p-bromoaniline, ferrozine, bovine serum albumin
(BSA)#} Follin Ciocalteu's phenol A]2F-&- Sigma chemical (St.
Louis. MO)IA T3t om 1 9] BE AJofe EFA)%F
& AHgshach
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Camosine &2 93] Aol WA E 2 AbolA 34]
T AE AT T SAANA AAY T2 U, mE AAS

A2 AOACH (1995)°l F3le 2231
. 105CollA AN AzHo 2 Z3EL 3
HEgtHo R, Z2EWAL micro-KjeldahH 22, ZA|-2

er 5 (2002)9] WOl F3dhe] the-dt o]
R == 15 50 gl 75% chthanol 50-250 mL& 7}t
75T 603 BF FE3FAch FAME YAl 75% ethanol
250 mLE 23] ®¥HE FE3lo] 40CoAN Ats=3 & 02
M lithium citrate buffer (pH 2.2)2 &3 A1A 50 mLE 83}
How 0.22 4um2] syringer filterZ ] 33}le] o}u]i-ab A}F
£297] (Hitachi Mode! 835-50, Japan)E 4%t}

H (2002)°] whebA] FAE
o2 AgE At BAsAT &, A8 5g2 250
I HNO; 10 mLE Yo} 7135l
WEELS AXAZ] F HNOy& 9 (HNOs:H0=1:2) 10 mL%}
60% HCIO, 10mLE 21 F-Ao] & mj7}=] 7183}t o]of

ol FHFTE «1*-10}04 ST #7132 A 7HE st

—
‘l‘7] o%%—]% '—l%"—g—ﬁ }\]

HCIOsE Z2A17] ¥ HCIE- 9 (HCLH0=1:2) 10 mL9} S
o R4 G5 8 A 283 S8 F 100
mLE Pl $4E ARE AGIOR AAFHEH

l’ o:«_l,

o}
-

= A (AAnalyst 800, Perkin clmer, U.S.A)E o] &3} =4
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Carnosine &zt =4

Camosine T3 2742 Parker (1966)2] "o uje} 255
1.0mLo) 1.0 mL2) 0.04 M versene® 1.0 mL] 20% NayCOs
%} diazotized o-bromoanilione -£-M-2 X 7}8}3L 95% ethanol
2mLE H7ISH & 5% T 500 nmol| A FHEE S35l

e Astar.

i

W

N Farel WstE 4K
Lowry et al. (1951)¢] %“ﬁOH ol Astd &3 H e
& bovine serum albumin (BSA)E A18351e &

W wumel guawss durgic

9]
T
al

2 g &

-
, 3b
=

H 3 =42 Stookey (1970)2) W ol wat &E 1.0
mLol 02 mL2 sulfuric acidZ 7}8] &31A171 & 0.4 mLo

30% hydrogen peroxideE H7}ste] 110ColA 2417 5 71

&3} 1.0 mL9] 10% hydroxyl amine hydrochloride® 3 7}3}
of 37Col| A 3087k ¥F8 A1Z] F 1.0 mL2] ammonium acetate
bufferS 78I | M NaOHE 7}13) pHE 6,022 23T}
22]3 0.5 mL9] ferrozine solution (9 mM)S 718k & /“&Oﬂ
A 583 WA F 562 nmoll A FREES S5 IS AN
sttt

HPLC &AM

Knecht 5 (1986)°] WHol| we} 28 25 uLol| Eol2
25 uLE H7HF & EFEo 50 L NaHCO; buffer (100 mM;
pH 8.3)9} 200 £L 2] Dabsyl-Cl &< (4 mM)2 718 & 70-
72CoNA 1587 7FE3a 700 L&) Na,HPO, buffer (50
mM; pH 7.005 713t 3 0.22 4m membrane filter2 o 3}3)
N8 HPLC (Hewlett Packard, 1,100 serise, USA)S 10 uLE
FU3HL™ columne Jupiter Cig (5m; 4.6 mmx25 cm,
phenomenex)= AHESIATE o] &4 &wlE sodium acetate
buffer (25 mM; pH 6.5)9} acetonitrile s AFE3IF I F&ES
1 ¢L/min, column &%= 40C AZ93L 436 nmo| A &4

sttt
LC/MSE 0|23 e

Carnosine +ZE-2 LC/MS (Agilent 1100 Series LC/MSD
Agilent, Co. Ltd)Z |83} E4sldon o] 54 Water/
Acetonitrile/MeOH =35:30:35 (pH 2.6)2 AM-&3lgom AY
AHg-8ted 4

ron

2 Symmetry (150x3.9 mm, 5 #m 1 mL/min)&
stk

Carnosine =&

) JIEFE

Chan (1993)9] o] wie} Wizdo] & oF 100 g2 AA o)
2afe] 2ole4E 713 b blenderol A 287 Ze I
homoginizerZ 2%-7t 48] 7233 T 47T, 8,000xg) A 308
7 94 BEAIA A45HE 3 F Whatman No. 4 YEE
o] &3ta] o33k AL 60T, 80T, 100TH A 1087F 7+ )
A 8,000xgell A 1587 A4 BejAlA AAES AA
Whatman No. 4 EHZ S#&]h (Fig. 1).

) O|2uEX{Z]
McManus (1957)9] ¥HH S W g ste] WAdo] S 1o 713
o O
T

ﬂ!l

-
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=

9] 1% picric acidS 7}3] wlaigh W o] TAsie &
8,000xgoll 4] 30427 A4 FEAA HAAES AT 45
< Dowex-2 chloride column (2.5x30 cm)-& ©]-8-3}o] thald

ZHoAET} picric acidE A AT (Fig. 2).

3) &h2lofztx e

Bussayarat 5 (2005)9] W& W3] FEE9 ExHEHS
2731927, Amicon A+ stirred cell 33} AXE o) &
AT &, AEAF MEFO] =) carnosine FEE YA 71|
g 9 o]2m3t 2%k A]EE membrane filter (XMS50,
YM30, YM10, YM3, YMI, YCO5)E A2 ExeEe =



ofy
}o{:
ie
29,

386

Eel muscle 1 part + Deionized water 2 parts (4°C)

Grinding (60 sec, 2 times)
Homogenize (2 min, 4 times)
Centrifuge (8,000xg 30 min, 4°C)

Supernatant

Filtered through Whatman #4 filter paper
Heat treated (60, 80, 100°C), 10 min
Cooled in ice bath

Centrifuge (8,000xg 15 min, 4°C)

Filtered through Whatman #4 filter paper

Filtrate

Fig. 1. Procedures for extraction of eel (Adnguilla japonica)
carnosine with heat treatments.

Eel meat 1 part+ 10 fold excess of 1% picric acid

Grinding (60 sec, 2 times)
Homogenize (2 min, 4 times)
Centrifuge (8,000xg 30 min, 4°C)

Supernatant

Filtered through Whatman #4 filter paper

Passed through Dowex-2 chloride column
(2.5%30 cm)
Removed picric acid and precipitated protein

Concentration in vacuo

Fractions

|
l I

Undried Freeze dried

Fig. 2. Procedures for extraction of eel (Anguilla japonica)
carnosine with ion exchange chromatography.

500 Da ©|3M71x] A3ty om Jg3edl-& 50T o]5t2 WEA|
71 ¥ FAAZRsY APE ARE AMSIHET (Fig. 3).

SA A

FAA] 94 HA-L SPSS system (Statistical package,
SPSS INC. NO)% ©]-8-3}¢] Duncan's multiple range test=
P<0.05 A AEY F949& A3t

a3 % 1

1]

>

HEHES HE B4
Wgel fo] AN E EAH @I Table 13 2T

60.66+0.52%, T¥d 17.93£0.42%, A2 19.98+0.11%, §4+
118£0.07%E VHEbstTh 3 (1999)2] Bite] oJ3ha =gois)
Aol A ehil AL Zb7t 16.62%, 19.6%, A AL 7.03%,
11.9%% 33t lthe 3ok B d79 A7 A48T
Wi golo] AAFFE Aoy HAPN R =2 AHE Vg
Aok

wgolel $iE F719E G BHY AIE Table 29}

Heat extracts lon exchange extracts

4

Ultra filtration (50 psi nitrogen)

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

Permeate YM 30 membrane filter
(30,000 molecular weight cut off)

Permeate YM 10 membrane filter
(10,000 molecular weight cut off)

Permeate YM 3 membrane filter
(3,000 molecular weight cut off)

Permeate YM 1 membrane filter
(1,000 molecular weight cut off)

Molecular weight
cut off —

|- Permeate YC 05 membrane filter
(500 molecular weight cut off)

v

Frozen extracts (-50°C)

l

Freeze dried for 72 hr

e

Fig. 3. Procedures for molecular weight cut off of eel (Adnguilla
Japonica) extracts.

Table 1. Proximate composition of eel (dnguilla japonica)

Ingredients Content (%)
Moisture 60.66+0.52*
Crude Protein 17.93+0.42
Crude Lipid 19.98+0.11
Crude Ash 1.18+0.07

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

Table 2. Contents of mineral of eel (dnguilla japonica)

(mg/100 g)

Minerals Content

Ca 159.6

P 216.9

K 2324

Na 129.3

Cu 5.1

Zn 1.9

Fe 2.4

Total 747.6
2o A4 #14d & F 25 89| 7sxdo 2%
Kol /M Egtom, teoze hﬂ oM 2H} o}z
o) Y47 AR 2 TR 4TS FFIE P, Ca, Na
To g #A vetston 48 a4 743898 Cudt Zn
o] Z+z} 514 mg/100 g, 1.94 mg/100 g 18]35 AF3}& A =

48 Ue
ZAE A

S|2EdA AEA Ete] =< camosine &S A%
B2 WAoo AFAds Fstazt 42 ol F

Fe©] 236 mg/100 g 5o Qe Ao
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Table 3. Contents of free amino acid in eel (Anguilla japonica)

and skipjack tuna (Euthyus pelmis) (mg/100 g)
Eel Skipjack
Alanine - 12.3
Anserine - 409.6
Arginine 3.5 54
Asparagine 0.3 -
Aspartic acid 0.6 ) -
Carnosine 377.9 59.3
Citrulline 3 -
Cystathionine 14.4 1.6
Cysteine 2.2 -
D,L-B-Aminoisobutyric acid 32.9 -
Glutamic acid 3.8 124
Glycine 6.4 53
Histidine 3.7 606.7
Hydroxy-L-Prolline 3.7 -
Isoleucine 2.2 1.2
Leucine 1 4.1
Lysine 7.9 10.3
Mehionine - 2.7
Phenylanine - 2.5
Proline 4.9 4.3
Sarosine 0.6 1.3
Srine 1.7 1.6
Taurine 28 41.2
Threonine 2.6 1.8
Tyrosine 4.4 37
Valine 0.4 2.6
B-Alanine 0.4 34
J-Hydroxylysine 2.7 -
Total 542.5 1,193.3

(Table 3). W&ol A9 camosine®] AA Fopv]=it =
9] o 70%29] T Jel gl e, 7ltkeol = histidine©]
50.84%, anserine®) 34.32%% AA) f-7] o}n)=2-9) 85% o)
S AR Aoz vehgt) WAo]oi= anserine®] 3R
o] AR Fo} 71t}go]d= carnosine?} anserines 25 &
1312 Q= AL =Z JEPG T, anserine®] &-30] carnosine©ll
B3 ) A% F2& Aoz FAEY. o]t Anjol A
golo] B9 S|EEdA AEA WEpol= & anserine
o] 1A 931, camosine?t -3t QIThHE AL wWizto
7} carnosine 58§ YHEE AIPrhe AMHES HAFE 4
e} e

Hwang (1999)°ll &Jslw ool A9 AE¢zda oA
F9] tirlel] Bttt LelA] U= alanine, glycine, proline,
taurine 59 o}v| =4t o] & WA camosined HEH
A} &9ro M, anserineS 5.8% AE FFEoA gty W1
shA T

TEY 254 T 32E A AEA HEfel=9 FH
2 gFe T 259 FH 2 volof| wet Zpolrt glo,
o], 7], Bl anserine §HFo] 2 wim sjx], A AHZR
ol & carnosine®] anserine ®.t} il K5 o] 1t} (Chan
et al,, 1993; Cornet et al,, 1999). L¥]1L 252 FFol whefr
= A2 1o} Wl ZoA] carnosine #0) ®oW FZT
W Sl2EjdA AEA PERol= ST &, HA, H, olFl

A 5.70mM AE EA8e Aoz 48A o (Crush et al.,
1970; Djenane et al., 2004).

Zt} (Table 4).

Table 4. Composition of undried eel (Anguilla japonica)
extracts which had been subjected to heat treatment

Contents («g/mL)

Treatments Protein Total Fe Carnosine
Unheated 146.9+5.4*° 9.2+0.7 480.4+7.0°
60°C, 10 min.  66.5+6.2° 36+0.8° 437.0+13.2°
80°C, 10 min.  53.6+2.9° 2.7+0.3° 465.4+16.1°
100°C, 10 min.  46.1+3.5° 22+0.2° 483.5+3.7°

*means+standard deviation (n=3).

60, 80, 100CE 71Ex2)319-S o) Tl ape n)7Fg A
& ol vis) 22 55%, 63%, 68% FAhHAeH, A e
60%, 70%, 76% FFA® RoT ZALH T

oleigt Bl A kel HAE vtE HelE B3l vilAg

Aol of7]Eal Wge] dojt 9l A e Ao s 74

O

92 BaM WY GRS AL ALHOE B

A9 P2 gAY & Y 202 BeA dov ol

¥ A8 Fol ANEVAZ 48T 5 Yt Duwd
r

2§37 d £33 2AEE Ao 4 9rh (Bussayarat,

olo] wksl] A& 22 carnosine - 60 CE 71 A=) 35
of7te] Zarh Vebgte ) 80°Ce 100CTE 7Hg s
H7tEA 2] ob vl nA] F-2 A<l Aol gle R
el 718 AR ot tEAEE Fall o
A 2 FEs 74 4 9l (Decker et al, 1993; Chan
et al,, 1993; Kanner et al., 1991), 2= 3}el] W2 camosine ]
g Wsle AA gve Raet AR 23E et
(Bussayarat et al., 2005; Gopalakrishnan et al., 1999).

2) ol2uaxalof e satHSt

o] & FH-E ol 83 FEHE Fo WA A camosine
S ZAMS 3= Table 59 YEMIATE FollA wuld,
Z, camnosine TS ZHZ} 25.29+1.05 ug/mL, 4.76+0.15 g/
mL, 502.41+1.12 gg/mLo] At} & A geFe vyt xig] 4
o] Bla] 82%, 100C 71 g)+oll HlIa] 45% AE 7HAas Ao
2 Vet o, camosine TEFe] fole ZA) stk A e
< wrtEA BT BlE) 48% A= Ek o)t ZFEA T
Hsi A& thd e e et olx o]2udt A g
T2 AS$ FA ) picric acid2 WA ST AL QA

AA Hed ol Astel A Fake] wiste GuA Fol
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Table 5. Composition of undried eel (Anguilla japonica)
extracts which had been subjected to ion exchange
chromatography (IEC) treatment

Composition Contents (zg/mL)
Protein 253+1.1*
Total Fe 4.8+0.2
Carnosine 502.4+1.1

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

ArjE o2 vzl Aol Aslolet Azten). wehd A ¢
3

2o gadd £ e PEe F890 N 20
%

Hol| B3] o] 2mBhkol) &3 FZE ¥ ©] carnosined] FHF
L TEE FXEHEA ddld oz uwg gake A
T e Z7EA W] 2 Re=E AlRHAT

3) SAEF =&of| e statHst

A 2-0) e HIE AHET] 95y 3ootE
o] &3] BAg - T4 1R3 FEE WA H,
camosine FFaF-S ZAFH T} (Table 6). WA 1l7} EZ{FL]—TL,]
Ae- wA 2 23l of 52%2] dild 5 gAE vehy

Qe 7tEAHTFE 60, 80, 100C 720 whe} 24zt
27%, 50%, 46%2] Tl ko] ZHAE Vel A 3
o) Wzh= Zhdx et S 4 14%, 22%, 23% APl
o, carnosine ¥ H-& ZFEA 17 A2 23%, 17%, 20%2)
g 2712 vehd wbd utd A e TE 3 35% A%
o] raHE AHE U

Table 6. The effects of ultrafiltration on protein, total Fe

and carnosine contents of eel (Anguilla japonica) extracts
using different extraction methods

Contents

Treatments - -

Protein (mg/g) Total Fe («g/g) Carnosine (1g/q)
Unheated 127.349.2*° ND 12,288.5+428 4°
Unheated-UF  60.3+6.9° ND 7,950.3+310.3°
60°C 64.9+7.6° 153.7+3.3" 9,306.7+£100.7°
60°C-UF 47.2+45° 131.1£1.9°  11,466.7+986.6°
80°C 53.1£5.8" 150.7+1.5° 9,651.4152.1°
80°C-UF 26.2+3.1° 116.3+4.2°  11,316.7+500.8°
100°C 445+1.8° 127.14£2.2° 9,683.3+57.7°
100°C-UF 23.9+2.4° 96.7+6.1°  11,703.3+298.4°
IEC 24.6+3.0° 162.3£1.6°  10,535.7+415.2°
IEC-UF 13.0£3.1° 91.8+9.0°  11,153.3+215.7°

ND: not determined.

*Data are expressed as means=standard deviation (n=3).
IEC: represent the sample which had been extracted by ion
exchange.

[EC-UF: represent the sample which had been extracted by
ion exchange and permeate ultrafiltration.

ol skl u Al Ay} 72 71 RX] EZE9] camosine
7 22 A2 B A SHE g Fo] Udolg
A2+ AT} Decker et al. (1993)2 7F2 3] glo] 3He)a)a}x g
9 3L A9 28% HE2] carnosine & ZHA7F ik
B st} '

ol2nd A3 FEEL FodAgor BAHES 2
StAS o YERd @%hﬂﬁ}ﬁ]/ﬂ T 9 F ke oF 47%,
43% AT FAH Q.29 camosine IS °F 6% AE F735)
Atk 100T 7HE A2l ol ulsle] ol 9 A ghae 747t

45%, 5% AE O™ carnosine FHFL M3 FFS B
o

4) 7|17|12ME &8t F&E9bo| Hlw

7]7]3&_—@1% %5;]' FEUHE Zl'Q] ZFol & o ?—15} A=

W3l Fig, 49} 50 vERY zit} HPLC %4% QJMW
camosine 52 295 ol A peak”} YEPSS B2l & 4=
o} wi7tg A g e A9 298 GG A camosine?] peak”}
Pl ot thh B & Ao2 FAHHE peakE Ol
102521 dLe A dehgth 60CE A2 ASolE
10252t Atolol] EA3A T2 peak?} Bol AHE £
ol @ FAE L] Ao 9% Ao FdHT: LA
7 F oo or EAES 23 A9 102580 Aol
of EAeH peak’t A& AAEJLH, 53] 100C 7HEA
o} grejoFx el & HYPEAS o G E JoAEE FHH=
49 AA 2t 7 g2 o2 YEET

ol 2w At FEEA M= 7tEAE < FH XY

E Y% A B il JAE A A H 2 e
YEpstom, o)de] ditol| A 71Eel] Bol AHEHATL U=
camosine FEWH 1A st BB Y F H 3=
WHE O o] 2u A 2]} oot 2] E Walsh= iy
o) WEENT AL AAN B EHH Wole AR AL
wehA] 2 AFolM e o] 2ug g9 el E B
sto] Az AEE 7% Adg AH8-stgth

25487
75 A Carnosine standard

3 o I %0 s 3 min

100 B :Unheated
50 !
60
40
20
s

Retention time (min)

Fig. 4. HPLC chromatograms of carnosine standard and
extracts of eel (4dnguilla japonica).
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Fig. 5. HPLC chromatogram of eel (dnguilla japonica)
extracts with ion-exchange chromatography and ultrafiltra-
tion.

Fig. 6. LC/MS spectrum of carnosine standard and eel
carnosine.
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