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Antioxidant Effects of Carnosine Extracted from
the Eel Anguilla japonica

Keun-Tai LEE*, Ho-Su SONG and Seong-Min PARK
Department of Food Science and Biotechnology, Pukyong National University, Busan 608-737, Korea

lon-exchange chromatography and ultra-filtration permeation were used to extract carnosine from the eel
Anguilla japonica. In an investigation of its antioxidant properties, the eel carnosine prevented lipid
peroxidation in linoleic acid systems, scavenged free radicals, and exhibited superoxide dismutase-like activity.
These activities increased as the carnosine concentraiton increased. The nitrite scavenging effects (NSEs)
of commercial carnosine and the eel carnosine were measured at various acidic pHs (1.2, 3.0, and 4.2).
For both types of carnosine, the maximum NSE was observed at pH 1.2. At this pH, the NSE of the
eel carnosine was 65.3%. Both types of carnosine were effective at maintaining reasonably good color
of ground beef patties over 5 days of storage at 4C and inhibited metmyoglobin formation as well as
lipid peroxidation. These data suggest that the eel carnosine might be useful as a "natural” antioxidant
in commercial production and storage of muscle foodstuffs.
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A3l B2)F we 318 el o3 g 3EFo] A}
g AAY FHATAA AV ETG HAAE BY)e Pol AT
8323 Fdgsle] Yok ¥k o2 AFdA= A,
A, AP T 2 AR sl g F2 Gt diEH
olw, Atgel Al AA Wl Q) st o3 =3t ZHol
#ojglo} g Aoz A Atk IsHAlE olH e st
2 A& AY QA 7E TEHE 7 BRES FH%=
1oz Atslel EAY $AFHoR wEFoEN E
3HE-o] Ah3lE WA|SHs Qe T (Kim, 2004). FAISHA

Wa AFE ks guRg 2Ase 'Ll SoDY
S AZIE o] AY A4 A R AEFAE P
2A7T S0l el BAL XA HUA BAHoE
H 91t} (McCord and Fridovich, 1969).

£ 33t BopollA itstAls F2 FA9) AsteA Ee
Ade g8kl Abgshe Bdelge oulzb Aoyt
(Frankel, 1996) F+ GAFstAlol oJ3t AAgkedA] v A D715
o] A WollME LT AP o] deAHA ALSHAl=
oA AFe] FARE A4S Hof =3t A & ZH X5A
e ZddA Hoste 972 ATHD de dFo
(Giese, 1996).

NEF T4 FrEAZ Il Z butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), tertiary butylthydro-
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quinone (TBHQ) 5 &g a4tst Aot A
AFHA Bo) AHEHoIA go, o]0 A
e g Bl wEHAEA 2FEoy ookFe
AMEE A B8hA] FAT} o et al, 1983; Branen, 1975). ©2}A]
A 209 Az AA ] T ARE FAsA S AL
93] Azke] L AT HFNAY FAEZRE s 53
7} JE HAEAL By o5 ol&slele Aert 23
o] Fo] A3 Ut} (Larson, 1988; Pratt et al., 1990).

B AEA8A Zol| A cartenoid, anthocyanin, @ -tocophenol,
vitamin C 2 flavonoid 5-& hE A AEA gAataiA o]y
(Burton, 1989; Block and Langseth, 1994), olE 2]EA gitks}t
As] B G ke w2 ke W ro) v, B4
o] g3t A AT glo] 4P H o] &l AlFS war Tk
(Decker and Crum, 1993). 584 A ZE F2 715014
7hEEe 258 J8E 3t FEI AEA Hepol =7} wA
S T3 Y, o5 ikt Aol dig A7t H2 g
kel A AP Ut} (Casteels et al.,, 1989; Nakazato et
al, 1990; Seki et al, 1993; Kohama, 1988). 12/u} siFE==t
AL 982 F PAsAY] Aoy 2 T P
o] 3 A= vn g AA o]t} Kim et al. (1996, 2000)
o &) £AE FAHES 083 7154 HERel= ol
B3 A7t AR bl o) ofF 7] dAl ok &
4 Itk (Nam, 1999).

Carnosine (G-alanine} histidine®] ZEle]= AYE o] F31
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Gluevitch and Amiradgibi (1900)°] ]38} #-&-o2 WA=
7] Decker et al. (1992)%} Chan et al. (1993)2 carnosine$]
sl s AfEitd @ FEol AAG v Rugt
vl glom, A2 e A g dy W esloh B
9 whgol JHFo #AY Foleke AFAArt HuHn
21T} (Hipkiss et al., 2001; Kang et al., 2002; Lee et al., 1999).
22} carnosined] EFol| the]A 2 7HeATHE AlAISH=
FE A 2AA Yo} FF oo} FHEY o HE ATt
HegzEjojol & Ao g AT

oA B AP E BATIAZNY TS Eot
17] 913 WAolo X &% camosineS HFLE V53E

HESRH.
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B A8 o] AES WA} Anguilla japonicaT HARG A A
S GRS AA A P AF 300400 g, 17 50-70 cm
o] Wigolg Tyt Aolole JHZ AFLE kst
AP AHE st

Carnosine®} linoleic acid, 2,2-Diphenyl-1-picrylhydrazy] free
radical @} ascorbic acidE Sigma chemical (St. Louis, MO)ol| A
Fhatg e 1 2ol BE Aloke SEFAlekS ARSI AT

A= HH2|

Camosine & 93 Aolde WAAE 4 AollA 34
7 AT AN F S4AA A T2 U, ME AAT
A2 2 AHE st

2. carnosine &8

Carnosine &
) O|2mEtA 2
McManus (1957)2) 3 -S H¥3te] Ao} Sof 10871

9] 1% picric acidE 718 vl st WHFo] &2 T ESSH
8,000xgoll A 3087 94 EAIA JARES AAT &T
< Dowex-2 chloride column (2.5%30 cm)S ©]-8-3fo] Tl

A B3} picric acidE A A3 T

2) &telofntA 2

Bussayarat et al. (2005)2) "WHE WR3IS FEEY TAH
S zA3Y o™, Amicon AF2] stirred cell T A} FA &
o] &-at4tt &, A& HWee] =<l camosine T E A3MA]
714 2] 2 o] Aelgt A|SF membrane filter (XMSO,
YM30, YM10, YM3, YMI, YCO5)E ZAejr EX & ¥
500Da0) 31714 2t om ofFelg 50T o] i @Al
7 % 5249z a9 498 AR Agsach

e _1% -loh

I

Carnosine &2k =&
Camnosine 3+8F ZA-& Parker (1966)2] ol we} 55
1.0mLo) 1.0 mLe} 0.04 M versene™ 1.0 mL2] 20% Na,CO; %}

diazotized p-bromoanilione -8-4-& H7}5}a1 95% ethanol 2 mL
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o 500 A FHEE SAd FFe

F2z70 W g e Hsls dnE7]
Lowry et al. (1951)2] W0l jAs e ZA3R oY, BEFE=
A2 bovine serum albumin (BSAYS AlE-8le] FE&F 70
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A g8 =42 Stookey (1970)9]) Wilol whet FEE 1.0
mLol 0.2mL2 sulfuric acidE 713 €327 ¥ 04 mL
30% hydrogen peroxideS 713t 110CollA 2A17F &<k 7}
&3k 1.0 mLe) 10% hydroxyl amine hydrochloride® 7 7}3}
o] 37CoA] 3027 k8- A]Z] ¥ 1.0 mL2] ammonium acetate
bufferE H7}5k 1| M NaOHE 71 pHE 60282 Mgt}
22)3 0.5 mLe] ferrozine solution (9 mM)2 H7}e ¥ 429

A 522 A % s mold FRES S0 $Es AN
s
shel2

o] FZ carnosine?] $UH-2 Oyaizu (1988)2] ol
gt 24590 g2TFREE 2olehE AHgstden d49
gy e e 29 AR 2mLel F%9 0.2M phosphate
buffer (pH 6.6) 2} 1% potassium ferricyanideS H7HsH EHE
S 50CAA 2087 9F-8-A) 712 2 mL2] 10% trichloroacetic
acidE Zt7+e] Whg-Eo) A3 F WgE 2 mLol T/ 2
mLS} 04 mLe] 0.1% ferric chlorideS Al #ol Arlet A&
3] 10%-%0] 700 nmol X FHEE A3t FLHe Hris}
At

Scavenging effect on DPPH radical

Wae] F& camosinegl 2,2-diphenyl-1-picrylhydrazyl
(DPPH) 2Ht]Z 7% A8 Shimada et al. (1992)9] ol
upe} 243ttt FAIE T *lﬁit g o]le5E AMEEA
o 05mLY ZH7te) AlEel 0.4 mM DPPH A8 1.0
mLE I8 F ERES wATI T A2e0A 3023t FA]
A7 F 517 mmol M F2EE £33t DPPH @HZ 275
S AP on £AFE v 22 wye s Al st

Scavenging effect=

Blank absorbance-Sample absorbance
Blank absorbance

x100%

AL E 7L (POV)E AOACH (1995)9 whal f-X] Sk |
g& #Hate] 7]l (chloroform: acetic acid =2:3) 30 mLol
=o ]_37_, Ki ip;]_g_on 1mLE 7].0}0;] oF 187} 710].71] 283k
0} 527 o] XS T o] BA9) FHE; 0mLE Vet
157 AgA) 72, A8 Al 1 mLE 78 thE 001N



Wl 20y Anguilla japonica 5% Carnosine®] 3443} &3 195

Na$,0; &4 0.2 2 o2 A4 o]ate] A=A
%2 ZEHRL Choi (1999)2] ol w2} Linoleic acid 10,
Z22= 9 {314 1 (Tween80:Span60=1:1)2] HI&E E73H
e o] 7)o z} vln 3AEHAE 718l 72 7] (Homogeni-
zer AM-7)E 72 B¢t 23} AA FATGN S AR
] 60CAA 148 FF AAeAA e E7HE 583k
(T-To)xFxNx1,000
S

To: Blank2] ZHAZL (mL)
N: NazszO39] —IT—'E%]{ %:E

POV (meg/kg oil)=

T AR e} HA3Z (mL),
F: Factor (=1),
s: A129) He)

Superoxide dismutase FAHEA

SOD §-AFE#dZ A& Marklund and Marklund (1974) ®# ]
wel T2 AZ3 2 A8 02 mLol tris-HC! buffer (50 mM
tris+10 mM EDTA, pH 8.5) 3.0 mL$} 7.2x10” M pyrogallol
02mLE 7}3k3 25 ColA 1087k ¥4 3 1N HCl (1 mL)Z
WS ] AJA 420 molH FREES SAHALH, 2T
= AL gal golesE Aste g Al whet
SOD FAHEA (%)S AFstAth

SOD like activity (%)= (1--5-)x100
A AT F3E, B: 272 &3

W] camosined] AL Axwstd] WA EHE
AE R 98] 4Co AAE A FEE 2.0x2.0x1.5 cmd H7|E
=g} 28217 (Color techno system Co., Japan JC801)E ©]|-8-3}
of L¥(BE), a"(FAE), b"(FAE) & SHAT

Metmyoglobin &8

Metmyoglobin 232 Krzywicki, 19799] ¥ w2} &4
5ATE R4S (592 S0mLe] AAFEA ¥ F 25mL
phosphate buffer (pH 6.8, 40 mM)= 7} 1
A7 3 FAFI ARE 4TAA 1A B4 FAAD £

3087 9523k T (2,7600xg, 4C) Whatman #1273}
2% <82 700 nm, 572 nm, 525 nmol A Z+7 FRAEE ST

F The) Aol tdsted AatAc
% MetMb=1.395-[(A572-A700)/(A525-A700)]x100

OFEAA 2AHS
Gray and Dugan (1975)2] ®rgol) me} by E4<)
nitrosoamine A341 9] H7A) 2 & ob AL (nitrite) 9
275 S AHEYT
1 mM NaNO; £ 2mLo| F&

Gl
=)
o
i
Y
N,
3_{5
R
o8

olalg 37ColA 1A ¥HEAIZ) F 2 vk AS 1 mLH HE}
o 2% ZAE-R 5mL, Griess A 2F (30% acetic acidZ 7+7}
%A% 1% sulfanilic acid 2} 1% naphthylamineS 1:1 HI &£
g oz ALRAA FA) 04mLE Jhste) B EFE
& oA 1527 A F 520 mol N FREE SA 8t
et oldatde] g 2= Th

HETE Griess A2F HlA ZF5 04 mLE 7h5te] 4719
Zo wpgo g AAE ofddd AA% =
7Aoo} ArletA) e 799 oAk MEE (%)E e
Atk
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Carnosine2| &

Camosine %32 9151 W) %8 ol g3te] olemBNe)
o RolelnE Bo) BARE T ARE YOR 4F
71543e Bt on A7 Az ne g i
Table 19] LFERRITE 22he Annw olend AYF 32
$8 Belolnoz BA%S UL 0 AAEAAZ
A48 = Qe oA B H FF2 47 o 4%, 43% Y=
ZaE Yo, camosine FF F 6% AT F7H8IATH ol
2 AL olLne Ao A HE B BAFE
=49 AEE 455 BrHE AR Assdh

t

Hod 2

Carnosine2 histidine® B-alanine®] Z2¢E o] &A} HE}o]
=22 camosine®] IS0 B F o= Ao ofs) wEE=
2] #lga} EAlo] WA & camosine®] F4tEHES I}
8}7) $13+9] histidine, S-alanine 2 taurined UIZTE 3t
398E ZG3ATh (Table 2).

B-alanined} taurine®] 74 Fx 7ol W& A o]
= g Aoz Jehgoy MAe % carnosine 1L
histidine®] 73-¢- w50 mE} o] FolAle ZHE YE
Wik B3] WFo] F2 camosine©] TRl HIE £
2922 JERN AT Wu et al. (2003)°] W2H Tl glo]=
9} g-glojuratzte] S-S vlag A anserine©] 71
=o 3d8e Yehgen 1 thS 22 camosine®] ETH
Byatgct 283 Sl AEHA AR} feto|l=F 75}
Q= zzhel frejohr| Ak ApAe] B uff- wEgrew

|2EldA AR Aetol=9 FL 48 gz
v AAFASol Er) WFolgt Bisgr)

+
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R
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DPPH &lC|Z AHs

Wdo] 22 camosine®] HUZ% 2AF S ST A=
Table 391 JERNQITH th=T7E histidine®} S-alanine, taurine
2 L-ascorbic acid® AHS-3F A7 AP} dl2T 25 2
Z+ A2A%E JERYSET B-alnine, taurine 2 L-ascorbic acid

o A% 5 F7k W Huz2 24% F7ke w18
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Table 1. The effects of ultrafiltration on protein, total Fe
and carnosine contents of the eel Anguilla japonica extracts
using different extraction methods

ofy

Treatments Contents
Protein (mg/g) Total Fe («g/g) Camosine (xg/g)
Untreated 127.3+9.2*° ND 12,288.5 + 428 .4°
Untreated-UF  60.3 + 6.9° ND 7,950.3 £ 310.3°
IEC 24.6+3.0° 162.3 + 1.6° 10,535.7 + 415.2%
|EC-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; UF, represent the sample which had been extracted
by permeate ultrafiltration.

Table 2. Reducing power of free amino acids and the eel
carnosine

Concentration (mg/mL.)

Sample y 5 3 7
Histidine **( 016£0.002 0.02+0.002 0.028+0.003 0.033+0.004
B-Alanine 0.016+0.002 0.019+0.002 0.020+0.006 0.026+0.007
Taurine 0.018+0.002 0.019+0.003 0.018+0.001 0.018+0.002

Eel camosine  0.072+0.009 0.11420.011 0.175:0.01 0.229+0.012

*Expressed as mean * standard deviation (n=3).
** Absorbance value at 700 nm.

Table 3. Scavenging effect* of free amino acids and the
eel carnosine on 0.4 mM DPPH radical (%)

Concentration (mg/mL)
1 2 3

Eel carnosine 22.0412.39™ 24.49:2.11 27.20+1.28
Histidine 4.41x0.77 9.11+0.15 17.65+0.99
B-Alanine 6.3320.5 7.62+0.23 8.94+0.55
Taurine 10.14+0.82 11.40+0.55 10.92+0.58

Sample 2

32.38+2.13
21.691.09
10.34+1.02
11.19+0:40

of 1, 2, 3,
29.51, and

* Absorbance at 517 nm. The scavenging effect
4 (mg/mL) ascorbic acid are 28.59%, 29.29%,
29.73%, respectively.

**Expressed as mean * standard deviation (n=3).

o F& Z7}ol wjet 2ty
7vstd et WiAo] £ camosine®] HlZ &

=2
=

1} wigto] 32 carnosine¥} histidine
Z AA
As5e EEE 22.04£2.39%, 24.49+2.11%, 27.20+1.28%
32.3822.13%= YR 71 E9kth Leascorbic acid®] 2tH%
2A%e e 22t 28.59%, 29.29%, 29.51% R 29.13%=.
vehgon 7et fFEotuedt FolAl histidined 441+
0.77%, 9.1140.15%, 17.65:0.99% 5 21.69+1.09%= LFERTE.
71} S7Asfe] sk carnosine®] superoxide, hydrogen
peroxide, hydroxyl radical S7 BreslE 582 74x3 9d
= 7o) g2l H.oH, camosine?] ©]#g 7] histidine
A7)e] i Foo] & Roew FHHI vk (Diez and
Baran, 2003; Boldrev et al., 1995).

o =
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SOD ®AHEY
SODE BAAAES

o]

H}k
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Aol E2AEAA A Wl HJ o] AT S
2 o )AL F3Eke A8S I EA AT (Pokorny
et al, 2001). Q17+e] A =317} RYHH SODY F=5 o
ek A| A HEd SODE UA oM F712 AAHA &e
EAQL shAT Qud. A carnosine] SODS} frAb B35
A A3 ARy RasEo) 9tk (Kohen et al.,, 1991;
Yoshikawa ct al., 1991). TekA] W4o] % camosine®] SOD
9 A} AS L-ascorbic acid @ BHTS 7 ZAMSIAT
(Table 4).

WAo] 22 camosine®) B/3-& L-ascorbic acid¢h BHT
Hls) 28 SEAT w2b FUhl mE 22.59+0.94%,
30.71£2.07%, 34.11£1.09% 2 42.17£1.25%%] SOD SAHEAE
Z7}ale AES JeR) ATk Kim (2003)0l] 213 carnosine,
anserine, homocarnosine& BHTY o}~ 2H14F B} SOD
Al A o] B |gt Aul - ERdE Brhe 9-148), oE 22
B2} (erythrobic acid) B.OHE 1.8-638 FE Tk B 3133
o}.

DHASHE T}

HakslBrte 243 A9 (Fig. 1), A% 717 T linoleic
acid®] FAglEvle & Zog SV v Ao
camosine® L-ascorbic acid® H713F 3% 23sE714
7} AR g Aol JeEhgew, 1 avs HKatg.

&
7t

£3)

Table 4. Comparison of SOD-like activity of the eel carnosine,
and various antioxidants

Concentration SOD like activity (%)

{ug/mL) Eel camosine  Ascorbic acid BHT
100 22.59+0.94* 32.08+1.17 22.07+1.36
200 30.71+£2.07 44 71+1.44 23.30+2.04
300 34.11+£1.09 53.45+1.28 48.56+0.72
400 42.1741.25 63.45+0.86 63.21+£0.57

*Expressed as mean + standard deviation (n=3)

POV (meg/kg)

8 g 10
Reaction time (days)
Fig. 1. The effect of eel carnosine and antioxidants on the
changes of peroxide value of linoleic acid stored at 60C
for 14 days.
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BHTE #718 ASole & e nhe} 2o] AJf717 ol
A E 1Y) Z717 ERA] 294t Boldyrev et al. (1995)
o] ¢33 carnosine® anserine®] X|Hre} HitelE AAsH=
w37} Aok R1stg e, linoleic acid®} AHgAkstell A
% camosine®] E% Z7tl wat A3 tstE S Yednal
2 15T (Wu et al, 2003). ©]739] Aol A WA F=
camosine®] L-ascorbic acid$} Hl5=3} AtaloiAl%& 713l AL
2 Jeh) 3% JdgNsA 2y o8t del L
et

ohaMgle BuA AFolt dokE % B 5ol £
s 2, 359 ol S| ofmF e} w85t nitrosamine S
AR Aoz ¢¥A YU ©E nitrosamine S THF-E°]
werge ekl B4 RaEi ook £ A% HE pH

1.2, pH 3.0, pH 428 2Hd3}te] op@dig el g 245 S
AR e o] pH WAL AW Aol pHESE
w853 34 camosinedt WA} & camosineS FY
ez dristed A%E ARE Fig 20 YeRITE AHE
A BE A carnosine®] A% pH 1.2, pH 3.0, pH 42914
7z} 373%, 23.8%, 14.6%) o} A% vEhd Wk
WAbo] 2% camosine®] A-$- 65.3%, 57.4%, 55.28%% LA
o Jehgon T Ay 2% pHYE WolASE L oA
52 Jep e ol FAM A2 Kang et al. (1975)°
95t o}t A% S 93 pHEDAA 38% 23 pH
12004 71 A Jebdtin Rustich 53] ofdarg e
AZ Zo| ZA5tE amineF 9 W) AAEE EFLEE
nitrosamine pH7} 2 ZANM A dojue o= 43
A Q=d WAool & camosine® F4J carnosine = pH
12014 7} B2 2A%S Yepdoza Al s a3y
o] olAArY AAZLS E3) nitrosamine A4S JATL O
2 Azteo] AW A carnosine®] WA FZ camosineol
B3 Tha B e ojdatyd £A%E YEIET] °l= Kim
et al. (2000)c] 215bH A Felo| =] A9 AR ATt
Ao Fg3he AW 1ol tz2r] fid YT BAge
717 sglol =ty N2 wy] B cZgrled YAshe ot
wake) 287 daeg Ae@Ad) 2elrt vkl B Skl
"t} 4 camosine®] 749 FA1Q olu:=bS AHY P
ol A¥goz AAsLE A hydrazines ©]-§3t] amino
group®] 5 WBAA AL A7) Wi A4 =
Aol W2 oJH g wjEo] P43 x| olr}t UEu=
Ao delA o™ ¥4 camosine AFES VIwg 23
hydrazine®] 2o wa} 23} A 5o 2tel7t vEehdThaL
B33} (Armida et al.,, 2003).

KMol Ha}
WAo] 2% camosined F7HE K A7 T F4

B3 AFE Table 5o Ve d27=2

Nitrite-scavenging effect (%)
3

1 Eel carnosine

Commercial carnosine

p!

Fig. 2. Nitrite-scavenging effect of eel carnosine and
commercial carnosine

Table 5. Effect of carnosine and ascorbic acid on Hunter
color values of Ground beef pattie stored in a petri dish

Day 3 Day 5
L a b L a b
Control 522 93 18.3 544 116 2141

Ascorbic acid 53.5 105 196 536 114 208

Commercial 49.3 8.2 18.7 504 106 199
carnosine

Eel carnosine 51.9 8.1 18.1 526 102 1938

go| 42 W75 7o} ARFRE HATASAR] L-ascor-
bic acid 2+ 4 camosined AHESTH AAE AFHEY
e (L)E A7) F7hel uiek 39St sEAE Hla
sl 279 A9 F 4%, L-ascorbic acid®] A% ¢F 0.18%,
%4 camosine®] A ¢k 22% 283 WA} 3% camosine?|
A% 134%9 2% 715 JEuden A4E e ZF
Z7bke 292 Ueiidleon 3% b)E S43 49=
AHEHE h2TF7} 15% F= 398 vlsiA St Fe=
Uehd el YA AgTe] Afde 2F e 7S
UERAT gubA o g S 4L
ghe} whg-o 2 Yehe] A7)0 BRSS9 Wt
o glo] WEn e Z2Y FALo] T} A
gagcn G4 ok 49 W)
o wlslA FisAE HFIT 2T

= A%E YAt

Metmyoglobin &4

SAe AAArel Aejel] we} et & olck F AAA7L
93 27} (Fe2')ol A o] & HUEAIH 222X (deoxymyo-
globinyo] 2131 31 A& A Ao] Hr. wheF Bel Hz}
o] o4 wA ARl ALEATL AFEHA olE FATL
Z 23] (oxymyoglobin)ol 2l E2 31 {42 vh2 AEA o)
o} E FUxpt Askete] AHshERl 37 Fe3)E HE 54
& Zao 7 Wil o] & Y En 2 F 2 (metmyoglobin)©]
g B2 o) $FAY & AN ML ik ool
Wo] & camosined J713E K2 AT T HEL

Z =4 ¥3le vwg 274E Fig 39 deEIAY. d2TE
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50

O Control
-—-¥-—- Ascorbic acid
40 { ~-=— Commercial camosine

—-@— FEel camosine

30 4

20

Metmyoglobin (%)

Days of storage

Fig. 3. Metmyoglobin percentage in ground beef pattie treated
with different antioxidants

E 2olesZ AU 7o AFFES AQYEsA
L-ascorbic acid®t ¥4 carnosineS: AH&3 A iz A
< 59A) ¢ 2% =] WEV| o FEHlo] AAHI Y &
A3A A7VFY A9 vizTol Hls v ARE UEhle
1} Wl o] &2 camosine 71 Afol= YA carnosine
A7V 7ol vlE)A <k 3% X =4 SFFEAEH ol 4
carnosine®l 813} WA} carnosine®] 7% HAFE ol £,
BA A7) 2ol T4 dolghe A g I
Aoz Atg HolAY HAAEF43}A]Q] L-ascorbic acidE &7}
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