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Effects of Extraction Methods on Histidine-containing Low-molecular
Weight Peptides and Pro-oxidants Contents in Tuna Thunnus Extracts

Hong-Kil Kim and Ho-Su Song'*
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"Department of Western Cuisine & Culinary Arts, Youngsan University, Busan 48015, Korea

We investigated methods for extracting histidine-containing low-molecular-weight (LMW) peptides such as anserine,
carnosine and histidine from the edible meat of tuna byproducts. Extracts were treated by several methods including
heat treatment (80 C, 10 min), DOWEX ion exchange (IEC), ultrafiltration (UF), and carboxymethyl (CM)-cellulose
column chromatography (IEC+CMC); then the levels of protein, total iron, histidine, carnosine, and anserine were
measured. Extracts treated with IEC+CMC using CM-cellulose were analyzed for total iron, protein, histidine, and
anserine content, which were 6.27+0.26 mg/mL, 5.20+0.21 pg/mL, 0.80 mg/mL, 0.208 mg/mL, and 4.40 mg/mL,
respectively, in yellowfin tuna; and 9.05+0.82 mg/mL, 4.06+0.20 pg /mL, 1.62 mg/mL, 0.012 mg/mL, and 7.28 mg/
mL in bigeye tuna. By comparison in IEC-UF treated extracts, protein, total iron, and histidine content decreased by
43%, 73%, and 27% in yellowfin and 0.4%, 54%, and 23% in bigeye tuna, wheres carnosine and anserine content in-
creased by 22% and 17%, respectively. Freeze-dried (FD) extracts exhibited similar trends as non-dried extracts, i.e.,
dipeptide content increased with purification steps, whereas pro-oxidant (total iron and protein) content decreased.
IEC+CMC treated FD extracts had the highest anserine, content, and the greatest reductuion in pro-oxidants.
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M E peptideE 22351 (Crush, 1970), 71 5 7H @& 212 car-
nosine¥} anserine®|tH(Koizumi et al., 1983; Abe, 1991; Abe,
2000; Wu, et al., 2003). Carnosine B-alanine¥} L-histidine,

anserine= B-alanine?} m-methyl-histidine®| peptide A3

Histidine -3 #1&4} peptide?] &0l 3o 84 &5
=280 A1} FL 535t dipeptide”t YA =F 25} 9)

o, vjehl AL AdtE A & AEATFS] A2 superoxide o]F11 Q& dipeptide 3}3H=0]™, carnosine®] methylation
anion, H,0,-OHS TH& <= 9111, o|A o] A4k S22 < §%3t methyl-carnosine©| anserine®]|tH(Shinichi et al.,

T = Aoz A A Qlok(Decker, 1990; Kanner et al., 1991;
Chan, 1993; Stefanie et al., 2010). £7}2] 2] HAGTASIAE
A7) YallAl= dipeptide?] =+ o] FAoHHA AEtE7]
B2 288 = 9l AR A sigEolu T o] dkuF
2 @& £ Qe 7ls9 /o] 8 shrtal B 18kS th(Chan

2014). o]Hgt 3tEE-2 1 F27F ARRE A o] ejof| = A
2 AP BAS Uehiich. 7154 A peptideo] ohet 17
of QlojA] =R FAE FEEC TE 7154 A4 pep-
tide2] #Mol tigt ¢14%(Gopalakrishnan,1999), & 7}54to||
A] CBEX™ (Chicken Breast Extract) carnosine} anserine $F

et al., 1993; Bussayarat, 2005).
o] 79 IHoll= s o] f-¢ histidiney} ofof f2H% di-

fr FE=Y A Bl R Aot ol Fof Al HE JleH
(Sato et al., 2007), 4 74 Sl 7ol A dle o
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Chig o] 2458 Histine o A4k Feto] =9 F20H 685

o

FO = histidine oH-F A4} WERo| 29| 22740l Hiet
H1 9Jx|9K(Cheong, 2007), FAMIRE iAo R T3]
21 71574 peptide =1} T A& 7ERE A= oF4] B
JLE| R AL Qlek. wheba] 2 Atof A= histidine R AEAF
peptide®! anserine™}- carnosine 2] T=F-2 - A SHHA| AFS}E7
2 A8 4 gl TEAFY] S olt H BalRe) G
S AaA ¢ ole ARl S HESLA 1w 5
o] Wol H] 7}4] H9|2 BR 5 gridolet wride] 74
& FE 7td A 9 o] 2w ehH i} ghe| o v S o] 83t &
A 24 W o & 253 %, histidine 97 A A 2ktE o
o 9 AR 0] S H S, o] o] § A bE S
B0 WAL 1A ABLARHY 0§75 oS
A=t
JERTE
A2 2 Al

& Atoll AR w=rRol(Thunnus obesus)@t 2Tt o]
(Thunnus albacares) <2 EA GE] b0 A A5ro} histi-
dine o A4} peptide ] 2] GYA|G Al == ARSI T
oo] §-0 ZH|A F912 10 kg B912 EA5t0] 80T A1
ol AAsIHA] AR5 Anserine} carnosine, L-histidine,
Iron stock standard, p-bromoaniline, ferrozine, DOWEX
2% 8-400 Chloride 52 Sigma chemical Co. (St. Louis. MO,
USA)oll A F+USHRAL 71 9] B Ao &A% 54 ol
Ae AHg-E3IT
AlE Mxe|

Histidine g #]5-A] peptide =52 3l 524 EH Y T
o] S& LA Yo sl AlA 2] Aete 22 A7
5 3w} 2042 41715} histidine T A4} peptided] =

%8 AR Ags9T.

X
UNHY R S AOACH Mol whek -7 L 105T 43

chal ) gleko KieldahlH, 244 $HF-2 Soxhlet,
23] Qyslahy oz sty

Frefotu]ieAt o8 Songetal. (2006)2] W of whet5 10g
o] 5-sulfosalicylic acid 1 g-& % 7}5to] Akl 2|71 5 LA 2
2] (3,000 g 20, 4C)3HATE ASH2 0.2 um membrane
filter= oJ7}3t & lithium citrate buffer (pH 2.2)= 3]4]5}¢d
=48 ARE ARG BRI o] 2 S o] 8]t FEES
& AEY] FEE2 Fel 0.02 N HCIZ S]AA[A opi| il
A5 BA7] (Hitachi Amino Acid Analyzer L-8900, Hitachi
td., Tokyo, Japan)E ©]-&-s}o] FA5}1% T,

12

oy

HistidineAl M&Xt peptidel| =&

e FE

thedo] o] 79 3% A 2= Chan et al. (1993)9] ¥ o] whe}
& Fy| 289 gol24=E5(4T) 714l grinder (51BL30,
Warning Co, USA)|A] 287t 23] tpafgt & homogenizer
(PH-91, Ultrasonic, Japan)2 w2 310,000 g, 25, 43])3}
o] YAHE2(8,000 g, 202, 4THAA HA=S AlARE & o5
THA 80T oflA 1021t 7FEA 2] & 4 22](8,000 g 102,
4°C)ste] HAES A7 & Whatman No. 5A ZE(What-
man, London, England)2 {3} 3+ & 0.45 um ZE| 2 A o]k
a1%Ack(Fig. 1),
ol2met Xz

0] 213} % 2]+ William and Stanford (1954)2} McManus
(1959)2] ¥ o) whe} & A7 goll 28l £-52] 1% picric acid=
7}51o] grinderol| A] 2371 23] tFAf$F 3 homogenizer (12,000
g 2+, 43)) 2 FA3Fsto] A4l (10,000 g, 2042, 4THAIA
AP AHES AAT & A4S HS DOWEX 2 x 8-400 (Sigma,
St. Louis. USA) Chloride column (2.5 X 30 cm)& ©]-8-3}0] &
84 A3 picric acid ZFolE2 A AT (Fig. 1).
SrRIo{ 1t X2

217} hd A elet 2287} o] L e A 2lat 2B BAr
248 5] o3} AHA] stirred cell ultrafiltration (Amicon Co.,
Beverly, MA, USA)S- ©]-8-5}% th(Maikhunthod and Intarapi-
chet, 2005). 742 A2] W o] g Aelet |2 S Frelojzhe
(YM30, YM10, YM3, YM1, YC05)Z o]-&3}o] RS
% 500 MWCO (molecular weight cut off)o]a}7HA| 24 519
ch(Fig. 1),
CM—cellulose I Z0tETa}T|

JA YA S o]gsto] EAGS 2ET FEHS i
o7 Hy} 3L x5} SGHE-S A ASH] 8l CM-cellulose
column (2.5 % 30 c¢m) ion chromatographyE- 3§31 tHChan
etal., 1993). 29 82 10u]¢] pH 3.5 sodium phosphate buf-
for (1 mM)2 1]2] HRE Bedo] 222 BIA7] F so-
dium phosphate buffer (pH 8.5, 10 mM)E ©]-&3}o] 2 mL/
min®| 508 ZY 0 2 HE =ojA GEAIA BHS He
¥& 1o} TLC (thin layer chromatography)2 2HQ1 & H.A-2
A2 2 AFgsckFig 2).

7} 3:22700] 2 ghal o] SheF 2742 Anita et al. (2009)

o] Wof sttt &% 1 mLo
biuret A|2F 4 mLE &3sto] oraof 3027 A7 - 540

o} 3to]
nmmo] A SEEE S0ttt 2FE2 2 bovine serum al-
bumin (BSA)S ARE-319 o0 ARFAlS 2o & 7 =550
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Raw material (Tuna meat)

2X volume of 4°C deionized water
Grindingr (2 min, 2 times)
Homogenize (2 min, 4 times)

Centrifuge (10,000 g, 20 min, 4°C)

Filtrate!
Heat treated (80°C, 10 min)
Cooled in ice bath
Centrifuge (10,000 g, 20 min, 4 °C)

Filtered through 0.45 um filter

Filtrate?

2X volume of 4°C 1% picric acid

Grinding (2 min, 2 times)

Homogenize(2 min, 4 times)

Centrifuge(10,000 g, 20 min, 4°C)

Passed through DOWEX 2x4-200 chloride column (2.5%30 cm)
Removed picric acid and precipitated protein

Filtered through 0.45 um filter paper

Filtrate®

Ultra filtration (Permeate YM30, YM10, YM3, YM 1, YC 05 membrane filter)

Filtrate* Filtrate®

CM-Cellulose ion chromatography (2.5x30 cm)

Filtrate®

Fig. 1. Procedure for extraction of histidine containing low molecular weight peptide. 'Filtrate, water extract (Raw); Filtrate, heat extract
(80C); JFiltrate, ion exchange extract (IEC); *Filtrate, water extract permeated ultrafiltration (Raw-UF); “Filtrate, heat extract permeated
ultrafiltration (80 C-UF); ‘Filtrate, ion exchange treated ultrafiltration and CM -Cellulose chromatography (IEC+CMC).
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Fig. 2. Elution profile of yellowfin Thunnus albacares and bigeye tuna Thunnus obesus IEC-UF on CM-cellulose column chromatography
and activated fraction of TLC. A, Yellowfin tuna elution profile on IEC+CMC and activated fraction of TLC; B, Bigeye tuna elution profile
on IEC+CMC and activated fraction of TLC. IEC-UF, represent the sample which had been extracted by DOWEX 2x8 ion exchange and
permeate ultrafiltration ; TLC, thin layer chromatography; IEC+CMC, represent the sample which had been extracted by DOWEX 2x8
ion exchange and permeate ultrafiltration and CMC ion exchange; Car, carnosine standard; Ans, anserine standard; His, histidine standard.



Chig o] 2458 Histine o A4k Feto] =9 F20H 687

w2 Tl e ke 2 skt
Y 31 21

4 o] 242 Stookey (1970)2] Wilol whel &%
mLo]] 10 mM ferrozine £ 300 uLE #7}3}al 22 /\]Ok (2
mol HCI9]| hydroxylamine hydrochlorideE 1.4 mol®] s==2
A %) 450 uLE 7}ato] ek & 1057F 9RS-AlZ o) 123 10
M ammonium acetate buffer (pH 9.5) 150 uL 37} & 562 nm

A BREE YSRGS o 2 e
94 _,_x4 61— X% o].o:h;].
Histidine &% dipeptide &2 &3

FEH 8l 24 24 T histidine - A4} pep-
tide?] carnosine, anserine, histidine AJ5-2] St 315 QrolR.
7] ¢l otm]icAt A5 £4 7] (Hitachi L-8900, Rigong INC.,
Japan)yE ARg-5Fo] A AT 0= HA 5T
TLC 24

22 ol v Tl B0 AAIE SIS 98 1440,
2 Thin layer chromatography (TLC)E o|-83l #2E& &
A4tk silica gelS S&HA| 2 ARE-51%-2.4, n-Butanol: Ace-
tic acid:Water (v/v/v, 4:2:1)2] E3tH-E A Z5}ko] H7]-g0) 2
ARS8 TLC B2 9.5 X 20 cm O 2 A2 T {of| A4 2-3 cm
e AR AR &5 320, 12 42§ sampleS spots}o]
TLCZHS 170l ol 4 shsieh. 270 & FAistel A7) &
S de] Hdl & 1% ninhydring WA 2 51o] dry ovenell
Al A% & Rf (retention factor) 4t -5t

HPLC 24

7} 22z 710 w2 histidine - A 22} peptide2] A4 &
A1 4l 7]} chal Al o] 50 M-S A H 7] 93] Hector et al.
(1995)9] ¥ie] whel HPLCE o8-3te] RAatglth &5
25 uLoj gro] 24225 uLE 7t 5 50 uL NaHCO, buffer (100

mM, pH 8.3)2} 200 L 2] Dabsyl-Cl §-2%(4 mM)< 3 7|5}
70-72°Coll A 1587k §-g-A171 the 700 uLe] Na, HPO, buf-
fer (50 mM; pH 7.0)E& 3713+ 3 0.22 um membrane filter=
o] 35t o8-S HPLC (Agilent 1100, Agilent Technologies, CA,
USA)ell 10 uLE F4 3+ 2™ column Capeell Pak C, (5
um; 4.6 mm x 150 c¢m, Shiseido)S AME-3}3AT) o] F-AF Sf
+ sodium acetate buffer (25 mM; pH 6.5)%} acetonitrile2 Ak
85191 942 1 mL/min, column &%= 40C AZTAL
436 nmof| A] —E—Q skt

LC/MSE o|8¢t 2 &

2% AAIS 2252 AFRALS LC/MS (API 2000, Ap-
plied Biosystems, Santa Clara, CA, USA)E o]&3}o] E4}
S F9lsk4t). o] sARS Water/ACN/MeOH=35/30/35 (4
mM AF, pH 2.6)2 AM8-3}9131, A2 Symmetry (150 % 3.9
mm, 5 um, | mL/min)E ©]-&-3s}%c}.

SRS

1z

A A}o] A A 2]i= one way ANOVAE AR S Dun-
can's multiple test® Z} 9] 4t 719 F-9AS AT

AT Aate] FA A 2]+= SAS version 9.1 (SAS Institute Inc.,
Cary, NC, USA)Z o]-8-3}0] 42343}t

g A2 BT Adt &
thgol W wrhkol o] ek 22t 71.8240.32%, 75.51
+0.11%0] 3, T 21-2-26.06 +0.04%, 23.34 +0.11%2 3}
o] Zu)ake] ghgol o E A Uitk E3, thido] 7hs
o] fejotuleAl ohefS 243t A, anserineo] ol
wrhere] B 57.42%9} 57.77%2 714 W e Ve
v, Histidine > 24.98%2} 28.93%2 &2 HS Uehf it

Table 1. Protein, total iron, histidine, carnosine and anserine contents of yellowfin Thunnus albacares and bigeye tuna Thunnus obesus

extracts which had been subjected to heat and ion exchange treatment

Contents

Undried extracts

Protein (mg/mL)  Total iron (ug/mL)

Histidine (mg/mL) Carnosine (mg/mL) Anserine (mg/mL)

Raw 76.1945.39° 67.37+6.37° 4.93 0.353 5.21
Yellowfin Tuna 80T 52.03+3.93° 16.71+1.02¢ 4.89 0.352 4.91
IEC 25.51+0.36° 13.52+1.48° 2.00 0.158 4.94
Raw 79.25+4.83° 60.36+5.31° 4.23 0.092 7.80
Bigeye Tuna 80T 53.73+0.23° 17.29+1.40° 3.48 0.077 6.72
IEC 23.89+0.43° 15.94+0.68¢ 3.23 0.110 6.90

Raw, represent the sample which had been extracted by water; 80 C, represent the sample which had been extracted by heated 80°C, 10min;
IEC, represent the sample which had been extracted by DOWEX 2x8 ion exchange. Data are expressed as mean=SD (n=3).
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Carnosine2 2.11%%} 1.56% % Tha W& Ho| A4t 7]E} ofn| =
Aol B3l =2 o Ut Ui o] histidine $H-F A4} dipep-
tide®] F5-& AR A Agdstrtal Tt n, 2 9o Hox
A3t A d oA E o] Thofgtttal Ul alanine} glycine,
taurine, lysine 9] <0 2 F4E|o} A ¢l A0 2 Lehgrh(a
A A, o] 2|5t Ak 7hektol 7o) felobn| At ke &
g5t At} vt A3kE UERfITH(Oh et al., 1987; Choi et
al., 1996; Song et al., 2006).
FEUHo| ME o Hat
7tEXz2]|

Histidine $H3 #+-4} dipeptide == A| T2 9 da} 2
& ZroE Al A Wol AREEAL Y= 7FAA 2 o] 2al
gk A eihof whE S sE Uehd A 3h= Table 13} 2Tk
Histidine §-7 #1424} dipeptide F=3 TAH AL A& A
HEH 28 252 60-80CE 71E A2 A| histidine g7 A
4} dipeptide®] &=} F4H3Hs0] 80T = 7FEA 2] gt %%
71 =7 Yebg oo (Gopalakrishnan et al., 1999), & 7154
2259 60,80, 10002 7Fa A 2] A] 60T B3 80, 100°C
7} o] =2 Histidine 3 #24} dipeptide®] % E=E LeR]
¢1.© 1} (Maikhunthod and Intarapichet, 2005), 80 C%} 100C
£ v]skE 7 Histidine $H3- 4124t dipeptide®] =2t
FAkeHs F F-ofRE Afo| & UEh i A] ob=thal shSiTt oo
80C = 7FE A 2|7t 7 rhdolet wrhatol of thl ek

-

) 290 v 2H2F 32%, 30%7F s o A 5
b 75%, 74% 25k A el ol2igt T
o ghat 7 A B v Ae] duAo) ofy
Uolit thil .o itk 2] o] Z3 o] Ofafj 4
HsshA o fAR e S BallAl WA
TEH 08 Thil g of FhgES T
A glom, o]t thal A AL Ea A
e A i 9 G H £

JtH(Bussayarat, 2005).
<
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o] 2B o] 8E &= T Tl ¢ 24
histidine o #1424} dipeptide®] =2 2AKE 4
S A 2|0 79 Srhetolof wrhdo] o) Tl gt
of Bl8f 67%, 68%2] s el gl om A ghfe
76%9] a5 vEo] ZFE A gl to] vlel =2 A AES
B it o] 2w gk Ae]o] - 34 5 74 picric acid
£ o]&sto] A A7 S84 A= AAAZI
Al ==t o] 2 Qlal] Tl A Fhego] 7hE A 2ol vlsf Al
2 6 7 vrolgof uhef g2} 3l A ZAF] A 3ghE 5o 5
E7H AT A o &2 wrobzl o] Qlo|et Ak E ). E 7HEA]
]9} o] 2w A 2]of u}= histidine, carnosine, anserine2] &F
& HskE A E Y daSol vlsf] 7FE A 2o} o] 2wgt A
2ot B oF7he) ATt SISl o o] 2 wgh A2 to] 9 7t
HA]2]of| B]sf carnosine, anserine®] TS B|<:3E HE ]|

of K
FIOE [

Table 2. The effect of ultrafiltration on pro-oxidants and histidine containing dipeptides contents of yellowfin Thunnus albacares and bigeye

tuna Thunnus obesus extracts with different treatments

Contents

Undried extracts

Protein (mg/mL)  Total iron (ug/mL) Histidine (mg/mL) Carnosine (mg/mL) Anserine (mg/mL)

Raw-3000 26.51+1.05° 28.56x1.37° 4.75 0.330 4.95
Raw-500 16.90+1.11¢ 18.62+1.20° 3.95 0.276 4.15
Yellowfir tuna 801-3000 23.69+0.92° 15.30£0.36% 4.36 0.311 4.26
801-500 15.37+0.74¢ 10.52+0.51% 2.82 0.062 3.56
IEC-3000 13.01+0.35° 11.92+0.40¢ 1.75 0.151 4.68
IEC-500 10.93+0.30 9.48+0.279" 1.09 0.170 3.75
Raw-3000 34.17+2.062 29.02+1.45° 4.10 0.086 7.78
Raw-500 16.90+1.11¢ 18.97+1.53° 3.89 0.090 7.04
Bigeye 801-3000 24.04+0.33° 19.15+0.52° 3.10 0.088 6.52
tuna 807T-500 15.40+1.93¢ 10.950.71¢f 2.84 0.112 5.32
IEC-3000 13.27+0.33° 14.29+0.52¢ 240 0.086 6.73
IEC-500 9.09+0.13f 8.87+1.25" 2.10 0.077 5.53

Raw-3000, represent the sample which had been permeate ultrafiltration (3,000 MWCO); Raw-500, represent the sample which had been
permeate ultrafiltration (500 MWCO); 80 C-UF, represent the sample which had been extracted by heated 80°C, 10min and permeate ul-
trafiltration; IEC-UF, represent the sample which had been extracted by DOWEX 2x8 ion exchange and permeate ultrafiltration. Data are

expressed as mean+SD (n=3).
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histidine2] Z+47} o] 2 &
Ste|odt &2

7t 2350] BAF 240 12 WslE Awws] 9fe) 2l
S 7FE A g, o] 2w g A2 & 3 FEES T E o8-
stod 3,000, 500 MWCO (YM3, YCO05) 7H#| Z+Z; B}k

202 ZAFE| QK Table 1),

S holof kg W ala 7ol Friero] 75%, 86%, i
theto] 76%, 85% 71 7hast .

Histidine®] §Hee] 51 717l 2] glo] ghejoizhigute
2 A28 49 So|2el Wz} gl w1 xel &
o] 7500 MWCO)E 33t 4ol = Frieto], ferteo]
7+ 43%, 33% 7H481 91, o L8} o] o] 42 Wy 7

o 1y o

ZAslo] &5 Fof TG-% WAl A histidine, carnosine,
anserine?] PSS S48 tH(Table 2). T2 e o
9]o1k4[(3,000, 500 MWCO), ¥zl H]alf 212} Srfdo]
65%, 77% =CFol 57%, 78% 748+ aL 7HE 2 2] &} e of
W= Yt 249, ko] 69%, 80%, ko] 70%, 80% 7+
239t Tk o] 2w 3k} ghe] ok gt 9ol = St
0] 7} 83%, 86%, w=Tho] 7} 83%, 89% 71k 7HAstgith A
o] Wsh= dmSof vlsl 242 grtsko] 57%, 72%E =t
o] 52%, 69% 7H4xstl o, 7k A 2] 9f ghej ol 1= et
735, Bekdo] 77%, 87%, =rhdo] 68%, 81% 14381 a1, o]

of| = 78%2} 50%= 7481t} ESE, carnosine-2 anserineX}
histidine®] gHFo] ]a) Aj o2 Y Uehgon], ag
of Hlsf| grejofuplyt 7hA A Ry, o] 2 uehHS WSt
A= o Aok 2aE YR anserine®] o R
£-9] gtejo] T 3,000, 500 MWCOA]of] Y &-S-of| B3] 2+
7+ 3hrkarol 5%, 20%, ko] 0.3%, 10% 243k, 7+
A e ) ghe] of api S W 3Rt 79, ghrhato] 18%, 32%,
wEO] 16%, 32% H4skglon, o] &gk at ghe]ofat
H S WY St -2, rldo] 10%, 28%, w0l 14%, 30%

Table 3. Protein, total iron, histidine, carnosine and anserine contents of yellowfin Thunnus albacares and bigeye tuna Thunnus obesus
extracts which had been CM-cellulose (IEC+CMC) treatment

Contents

Undried extracts

Protein (mg/mL)  Total iron (ug/mL) Histidine (mg/mL) Carnosine (mg/mL) Anserine (mg/mL)

IEC+CMC 6.2740.26° 5.20+0.212 0.80 0.208 4.40
Bigeye tuna IEC+CMC 9.05+0.822 4.0640.20° 1.62 0.012 7.28
IEC+CMC, represent the sample which had been extracted by DOWEX 2x8 ion exchange and permeate ultrafiltration and CMC ion

exchange; CMC, represent the sample which had been extracted by ion exchange chromatography(CM-cellulese). Data are expressed as
mean+SD (n=3).

Yellowfin tuna

Table 4. Protein, total iron, histidine, carnosine and anserine contents of yellowfin Thunnus albacares and bigeye tuna Thunnus obesus
freeze-dried extracts which had been subjected to several treatment

Freeze-dried extracts Contents
Protein (mg/g) Total iron (ug/g)  Histidine (mg/g)  Carnosine (mg/g)  Anserine (mg/g)

Raw 179.6146.522 275.89+14.46° 27.07 2.21 33.33
UF 95.05+1.74¢ 115.55+5.80° 23.65 1.82 31.95

Yellowfin tuna  80C-UF 70.86x1.56¢ 95.53+3.98 23.38 1.19 32.85
IEC-UF 66.83+1.95¢ 77.35£0.91% 21.78 1.37 39.19
IEC+CMC 56.83+1.95° 27.35+1.42f 5.77 0.93 40.83
Raw 170.97+7.38° 225.83+12.25° 15.66 1.63 25.28
UF 101.66+3.16° 101.06+7.96* 13.56 1.48 29.25

Bigeye tuna 80C-UF 71.87+2.80¢ 79.46+4.37% 8.79 1.46 44.52
IEC-UF 68.13+1.80¢ 70.50+4.66° 6.80 0.82 52.01
[IEC+CMC 58.131.64¢ 26.42+2.25' 3.53 ND 51.79

Raw, represent the sample which had been freeze dried raw material; Raw-UF, represent the sample which had been permeate ultrafiltration;
80 C-UF, represent the sample which had been extracted by heated 80 C, 10min and permeate ultrafiltration; IEC-UF, represent the sample
which had been extracted by DOWEX 2x8 ion exchange and permeate ultrafiltration; IEC+CMC, represent the sample which had been
extracted by DOWEX 2x8 ion exchange and permeate ultrafiltration and CMC ion exchange; CMC, represent the sample which had been
extracted by ion exchange chromatography(CM-cellulese). Data are expressed as mean+SD (n=3).
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Fig. 3. Carnosine and anserine and tuna freeze dried (FD)-extracts on TLC. A, freeze dried extracts of yellowfin tuna Thunnus albacares; B,
freeze dried extracts of bigeye tuna Thunnus obesus, UF, represent the sample without heated treatment and permeate ultrafiltration(UF);
80 C-UF, represent the sample which had been extracted by heating to 80°C for 10 min and UF; IEC-UF, represent the sample which had
been extracted by ion ex-change chromatography (Dowex 2x8) and UF; IEC-2, represent the sample which had been extracted by DOWEX
2x8 ion exchange and permeate ultrafiltration and CMC ion exchange ; TLC, thin layer chromatography.
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Fig. 4. HPLC chromatogram of yellowfin Thunnus albacares and bigeye tuna Thunnus obesus extracts. A, Yellowfin tuna extracts; B, Bigeye
tuna extracts; ans, anserine standard; UF, represent the sample which had been freeze dried raw material ; IEC, represent the sample which
had been extracted by DOWEX 2x8 ion exchange ; IEC-UF, represent the sample which had been extracted by DOWEX 2x8 ion exchange
and permeate ultrafiltration ; IEC+CMC, represent the sample which had been extracted by DOWEX 2x8 ion exchange and permeate ul-
trafiltration and CMC ion exchange. .
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Fig. 5. LC/MS chromatogram of anserine standard and tuna extracts. A, anserine standard; B, yellowfin tuna Thunnus albacares; extracted
by CM-cellulose ion exchange; C, yellowfin tuna freeze-dried extracted by CM-cellulose ion exchange; D, bigeye tuna Thunnus obesus;
extracted by CM-cellulose ion exchange; E, bigeye tuna freeze-dried extracted by CM-cellulose ion exchange.
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