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Abstract

Carnosine and anserine are two mgor dipeptide found in chicken
muscle. Both dipeptide contained histidine or its derivatives and have
been shown to be chelating agent for transition metal ions such as Cu**
and F&* which are catalyst in lipid autoxidation. These two dipeptide
also showed scavenger for free radical produced in free radical chain
reaction of lipid autoxidation. They are natura antioxidant and can be
used as food additive to inhibit oxidation. The research was designed to
Isolate and purify these two dipeptides from cheap mechanical deboned
chicken meat. This study, we choose deioned water to washed MDCM to
get oligopeptide solution. After a succession of centrifugation, filtration,
hegting, ultrafiltration by Hollow Fiber, Sulphopropyl (SP) column
chromatography was used to remove Fe¢* and most free amino acidsin
filtrate. The fina oligopeptide solution rich in carnosine and anserine was
obtained.

Two anaytic methods, HPLC and CZE, have been developed to
guantitate the carnosine and anserine in MDCM. Semi-preparative ODS
with 50mM KH,PO, (pH7.0) has been found to give baseline separation
of carnosine and anserine from other free amino acid without any
derivatization. CZE with 25mM KH,PO, (pH7.0) and 9.0KV also gave

good separation of these two dipeptides from each other and from other



free amino acids in few minutes. By using these two methods, the yield of

carnosine and anserine content in MDCM was found to be around 58%.
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Schnell 1974 0.0508cm 0.1016cm
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Mechanically deboned poultry meat MDPM
Hand deboned poultry meat  HDPM
HDCM

Grunden et a., 1972 Froning and Johnson, 1973 Barbut, 1989
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Callagen

MDPM  collagen Goodwin 1968
MDPM
MDCM Marion
and Woodroof 1965 Phospholipid
Y amauchi 1982 Pikul
1984
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Triglyceride 1.7 Moerck
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Froning 1981

MDPM MDPM
MDPM
MDPM MDPM Bone %
Ca%
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MDPM
Paste-form Froning 1970
MDCM  7.2~12.8

12.8
HDCM 12.8 HDCM
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HDCM
Smith 1987
Schnell 1973 Froning 1973
Maurer 1973
MDCM  HDCM
Froning and Janky 1971
pH
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Johnson 1973 Dhillon and Maurer 1975
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salami texture
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MDCM

Frankfurter Salami Bologna

myofibrillar protein surimi-base food

Lin 1989 MDPM surimi
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1976 Dawson and Gartner 1983
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1974  Froning and Johnson 1973 MDCM  HDCM
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heme
1991 MDCM
Froning 1976 heme MDCM
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heme

Autoxidation  Paguette
heme
Froning 1973
MDCM heme
Lee 1975
heme
hemoproten
Hernandez
buffer pH8.0
64.0% 1996
0.1M NaCl 0.5% NaHCO;

0.02M Sodium acetate buffer

NaHCO;
1994
MDPM

carnosine

NCMC

15
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1985
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10%
heme
1986 0.04M  phosphate
51.1%

deionized water

0.038M Sodium phosphate buffer

1995
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carnosine

Decker 1994
MDCM
Greenwood and
Swaminathan 1981 MDCM
Denton and Grardner 1982 MDCM
Ostovar 1971 MDCM
Pseudomonas 51%
35 5
MDCM MDCM
MDCM
10
MacNide and Mast 1980
MacNell 1973
Butyl-hydroyanisol BHA MDCM
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Nelson 1983
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Carnosne Anserine

A D E
methionine cystine
histidine lysine  tryptophan Pearson
1983

Younathan and Watts 1960

Igene and Pearson 1979

Brown
1963 Igene 1979
90%
1962  Tappd
Malonadehyde
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Shamberger 1978

18



LO LH—— LOH L
L O, —» LOO
LOO LH > LOOH L

From Tappel 1962

Figure 1. The mechanism of oxidation for unsaturated

polyphospholipid catalyzed by hemoglobin.
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photosenstitized oxidation

Autooxidation

Initation propagation
termination Nawar 1985
Initiation stage
Propagation stage
O, peroxide free
radical
Hydroperoxide

Termination stage
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Initiation

Activation

Propagation

—» R 0, —» ROO
ROO RH —— & ROOH R
|

Chain branching
reaction
ROOH —— RO OH
RO ROOH —— ™ ROH ROO
RO RH —» ROH R
OH RH —»H,0 R
Termination
R ——— P RX
RO ————  p» ROX
ROO ——— p» ROOX

RH : undaturated fatty acid , ROOX : lipid peroxide
From Nawar 1985

Figure 2. Autooxidation chain reaction of lipid.
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Mottram 1994

alkoxy radical hydroxy
radical
alkyl chain
A B A
B R-CH,
Timsand
Waelts 1958 "Warmed-over flavor” WOF
Asghar
1988
hemoprotein WOF
lgene Pearson 1979
phospholipid WOF
nitrite
WOF Gray and Pearson 1984

heme
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R - CHz' ?Hw

OOH
-
B A
R-CH, R - CHg- CHinn
e
A — " — A - CHRCHO

rH R~ CHge®

| - 0nrM
R'OOH

R- R'OO- R -~ CHO

R -CH,OOH —Z» R-CHO®
R R - CHaOH

From Mottram 1994

Figure 3.Volatilized compounds generated by lipid peroxides.
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PG

PG

free radical terminator
reducing agent or oxygen scavengers

chelating agent

phenolic hydroxyl group

resonating structure

Shewin 1978 BHA BHT TBHQ

Butylated hydroxyanisole BHA

Butylated hydroxytoluene BHT

BHA BHT TBHQ

synergism
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OH

0
R1
ROO - ROOH 0- R
R1
>< ©/ OH
OH 0- OH 0
Ri1 R1 0
( )
OH OH ROO - ROOH |
0
0 0 0
. Rl Rl . Rl
OH
R1
free radical scavenger
OH

Figure 4. Mechanism of antioxidation for free radical scavenger
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Tertiary butyhydroquinone TBHQ

propyl gallate PG

Tocopherol

o0 -form

ascor byl palmitate

o -tocopherol

Dzledak 1986

26



OH
C(CHg3)3

OCHs

BHA

OH
C(CHs)3

OH
TBHQ

OH
HO OH

COOC3H7

PG

OH
(CHa)sC C(CHs)s
CHs
BHT
CHs
CHs CHs CHs
CH2(CH2-CH2--CHz)aH
HO H
CHs

alpha-tocopherol

CHs

CH3 CHs ICH3
CH2(CH2-CH2-C-CH2)3H
HO H

gamma-tocopher ol

CHs
CH3s (|3H3
CH2(CH2-CH2-C-CHz)aH
HO H
CHs
delta-tocopherol

Figure 5. Types and structures of phenolic compounds.
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B. aulfite

sulfur dioxide sodium
sulfite sodium and potassium
bisulfite metabisulfite

1986 FDA

10ppm Dzledak 1986

C. ascor bic acid
O,
Peter 1990 E C
C E
D. Glucose oxidase
catalase

Dzledak 1986

2Glucose 2035 Giucos oxdae” 2H,0, 2Glucose-d -lactone

2H202 Catalase 2H2O O2
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A. Citric acid

tyroinase tyrosine
Porter 1984 tyrosinase
Cu
ascorbic acid
B. Polyphosphate
1995 0.5%STPP  sodium

tripolyphosphate MDCM

C. ethylenediaminetetraaceticacid EDTA
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From Shewin 1978

EDTA

Figure 6. Structure of chelating formed between EDTA and metal ion.
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BHA BHT TBHQ

Johnson and Hewgill 1961

Branen 1975 BHT
A.
E C B- B -carotene
Karpinska 2001
sage sage
Chang 1977
0.02%
catechin
catechol E C

1998
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B -danine  higtidine

Carnosine Anserine Decker and Crum
1991 0.5% -15
E
carnosine
phosvitin
ovalbumin
1999
1931 Kharash  Mago free

radical chain reaciton
1999 Babior 1978
NADPH oxidase O,
O, H,0, HOCI
Vitamin E C Superoxide dismutase SOD

Glutathione peroxidase GSH

O,
Ferritin-Fe®* O, Ferritin  F&*
Fe’* phospholipid
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Vitamin E

SOD GSH O,
Pattern 1990 3
2 E C
C
C
1996 Cambridge Heart Antioxidant Study CHAOS 2002
510
E400 800
77%
47% E
1999 5 Phydcian’ s Health Study
22071 12
1999
1999
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-0; H,O0
Superoxide dismutase ? 22 .
Glutathione
M2 Fe™ Ferritin " peroxidase
Fe Catalase
-OH

{

MRBPHEE S

HELESRE #EEESRC
Phospholipid hydroperoxide “ Efﬁif

glutathione peroxidase

RS SEIE T

From

Figure 7. Relationship between disease and free radical, oxidation of human body.
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Histidine-Containing Dipeptide

Carnosneand Anserine

canosine  anserine B -danine
histidine anserine
higtidine
carnosine anserine
Gulevitch 1900 Crush 1970

Higtidine-containing dipeptides

Carnosine B -danine higtidine
carnosine synthetase CS Wood and Johnson
1981
. Mg**
B -Alanine ATP CS —»

CS-p -Alanine-AMP pyrophosphate

CSp -Alanine-AMP L-Higtidine —»

carnosine AMP CS
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COOH

N
( ~CH,CHNHCOCH,CH,NH,

(-

Carnosine
CHs  COOH
N
f “~CH,CHNHCOCH,CH,NH,
N |
Anserine

carnosne anseine

Figure 8. Structure of carnosine and anserine

Table 2.Characteristics of anserine and carnosine

Characterigtics Ansine Carnosine

Molecular formula C10H16N40O3 CgH14N 403

Molecular weight 240.261 226.235

Synonym L-form L(S), D(R)-form

Source Vertebrate skeletd muscle Skeetd muscle
Olfectory bulb

Use pH buffering pH buffering

Antioxidation Antioxidation

Olfactory transmisson
Antiinflammeatory agent

Physica description Cryst. (MEOH ag.) Needles

Méting point( ) 240-242 246-250

Dissociation PKa12.64 ; pK227.04;pK339.49 PK 112.62; pK 126.83; pK 239.24

Source. DOC on CD-ROM, 1997
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Table 1.Skeletal muscle anserine, carnos ne concentration

mg/100g tissues  of animals

Animd Muscle source Ansine Carnosine
Beef Topsderump 52 333
Shin 77.6 396
Bluewhde 0 9
Buffdo NI 64 572
Cat Hindleg 293 228
Gadtrocnemius 243 186
Chicken Breast 1037 400
Leg 334 124
Pectoral 927 271
Chum NI 1273 0
Crab NI 0 0
Dolphin NI 0 200
Dog NI 1474 746
Donkey Rump 3.0 274
Frog NI 0 220
Rectus abdominis 0 226
Giant Oyster NI 0 0
Sheep Shoulder and leg 149 1
Leg 252 190
Shberian sdmon NI 1020 0
Snake NI 0 0
Sturgeon NI 0 0
Squid NI 0 0
Swine Longissmus dorg NR 240
Shoulder and leg 20 276
Loin and shoulder 36.4 466
Trout NI 51.6 0
Turkey Pectoral NR 528
Leg NR 234
Wadlaby NI 0 0

Note: NI= not identified; NR= not reported.
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Anserine Sevearin @ 1964
: 14 . 14 .
carnosne-C anserine-C anserine
carnosine carnosine

anserine

Carnosine anserine
carnosinase  anserinase B -adanine histidine
Jackson 1991  Carnosinase
anserinase
Abe 1991 canosine  anserine
histidine  1-methyl-histidine
Boldyrev 2000

canosne methylation decarboxylation  acetylation

carnosinase
carnosine helf-life
acetylation  methylation carnosine
Boldyrev
1995
hisidine [3 -adanine
Perry 1967
carnosine
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carnosine

pKy 2.64

carnosine

Boldyrev

carnosine

oxygen
radica

1990 Kohen

Buffer Capacity

carnosine anserine

Pka27.04 Pkys 9.49

PKa1 2.62 Pk, 6.83 Pky 9.24 anserine

Davey 1960

anserine 40%

1987 TBARS

H,O, hemoglobin
lipoxygenase
Sdim-Hanna
1988 Decker 1990

1 50mM
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carnosine
singlet
peroxyl

1991 Decker

carnosine



carnosine

Decker 1990
NMR Cu"  canosine imidazole ring
carnosine 1
canosne Cu* 1 1 Cu"  canosine imidazole
ring N-1 carnosne o -N
carnosine cu* 2  canosne Cu™ 1000
1 4 carnosine Cu”"  imidazolering
Brown 1979 carnosine Co**
NMR
carnosine Fe’* Decker 1992
carnosine Fe’ carnosine
Ni2+
H,0, carnosine
Decker 1992
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From Decker 1994
a canosne Cu” 1 1 b canosne Cu™ 1000 1
Figure 9.Proposed models of carnosine-copper complexes. a Canosine and CU** a equd

concentrations: b concentration of carnosine is 100 to 1000 times that of CUf* .
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Chan e d. 1994 Rubtsov et a. 1991 electron
paramagnetic resonance EPR carnosine
uv OH
singlet oxygen carnosine
anserine  imidazole B -Ala-His
His-B -Ala Dahl
1988 carnosine
superoxide dismutase SOD
anserine
anserine  imidozale ring
SOD Kohen 1991
Yoshikawa 1991 carnosine “ Z-
103" Fenton reaction
microsome
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5 Carnosne

Carnosne  anserine

Anserine

BHA BHT

Johnson and Hewqgill

1961 Branen 1975

Rubtsov 1991 Decker

1990 a -tocopherol
synergism
Decker 1991 O Nell 1998 carnosine
o -tocopherol carnosine
o -tocopherol
O Neill 1999 carnosine
NaCl
Carnosine Decker and
Crum 1991
carnosine myoglobin  heme-iron
Fe* metmyoglobin Decker and
Crum 1993 carnosine
BHT o -tocopherol
carnosine
carnosine
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carnosine Lee 1999 carnosine

shdf-life
Histidine-containing dipeptides
carnosine
Boldyrev
1990 Bogardus 2000 carnosine
Low-density
lipoprotein  LDL Decker 1992
carnosine cu”
neurotoxicity
Alzheimer Michelle 2000 carnosine
carnosine

endogenous neuroprotective agent

Boldyrev 2001
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carnosine

carnosine Decker
1994 histidine
carnosine 65% Tamaki 1984 higtidine
carnosine limit factor ~ Easte and Baker
1977 0.12% higtidine
carnosine histidine
B -adanine
carnosine histidine 5%
carnosine 2.8 Tamaki
1984
0.09% carnosine
carnosine 15%
carnosine
histidine carnosine
carnosine histidine [3 -aanine
Chan and Decker 1994 carnosine
Mei 1998

hisidine [ -aanine
carnosine
carnosine

a -tocopherol
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carnosine  anserine

carnosine
anserine MDCM

carnosne anserine
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a ~ w D

KH,PO, Potassium dihydrogenphosphate

L-Ansine Nitrate sdt SIGMA
L-Carnosine SIGMA

L-Higidine SIGMA

© © N o

1-methylhigtidine SIGMA

10.Dabsyl-Cl  4-Dimethylaminoazobenzene-4-sulfonyl chloride

MERCK
11.DMF  N,N-Dimethylformamide MERCK
12.K,HPO, Potassium monohydrogen phosphate JT.Baker

13.NaOH Sodium hydroxide

14.CH;CN Acetonitrite  HPLC Grade MERCK
15.Aceticacid  semiconductor Grade Olin
16.NaHCO; Sodium bicarbonate SIGMA

17.Sulphorpyl SP Dowex-2 chloride form SIGMA
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1

2. waring blendor

3. Heidolph RZR2021
Dabsyl-Cl
1 LiChrospher RP-18 250-4 5py m

2. HPLC Gradating Pump Kontron 325 system
3. UV-VIS detector/S-3702 Soma
4. Oven Enshine super CO-150
5. Chromato-Integrator Chromatocoder 21
HPLC
1
A. Semi preparative ODS column(250x10mm
Nucleosi| 100-7 C18, Macherey-Nagrl)
B. VYDAC-andyss protein and peptide C18
2. Pump
A. HPLC Pump ALCOTT-760
B. HPLC Gradating Pump Kontron 325 system
3. UV-VIS detector/S-3702 Soma
4. Chromato-Integrator
A.  Hitachid-2500

B. Chromatocoder 21
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1. 65x75u m |.D. fused dslica capillary tube Polymicro
Technologies, Phenix, AZ, U.SA
2. Positive electrode 0~30000V,
Glassman High Voltage, Inc. NJ. USA Modd MJ
309400
3. Linear 206 Linear Instruments Corporation,
Nevada, U.S.A

4. Chromato-Integrator Hitachid 2500

1.Column Hollow fiber Specturm 10KD  UF
M21S-300-01N

2. Perigtdticpump Easy-load MiniKros Masteflex |/P
model 77601-10

1 Shimadzu, UV 2100
2. HITACHI SCR20B
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carnosine  anserine

509 waring blender

10000rpm/30min/10

100 10

stir stone

10000rpm/30min/10

#1

carnosne anserine

carnosne  anserine
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v

MDCM 4 icewater 1 3 300rpm inice bath

v

4 /8000rpm/10min —p —p

v

—>

v
100 /10min
v

<4— 15 /8000rpm/10min
v
v

Hollow Fiber

Oligopeptide

v v

Sulphopropyl SP

v

tﬂmino acid solution.

oligopeptide

Carnosine  Anserine

Cig HPLC

Y\

Carnosine Anserine

Canosne Ansgine

Figre 10. Procedure of getting carnosine and anserine from
mechanically deboned chicken mest.
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( 20 )
4 48hr

300rpm 30min
8000rpnv10 14

2 100 10min
8000rpm/10 /15

3. Hollow Fiber
Hollow Fiber MW cut off 10000
1 kg/ent
Oligopeptide
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Hollow Fiber
SP
2~5
pH6.0
5. Oligpeptide
spectrophotometer)
oligopeptide
( ) MDCM
1.
2.

CNS 1978

53

Sulphopropyl
pH6.0

2-5 pH8.5

Fraction Collector GILSON FC203

oligopeptide

(UNICO, UV-2100

210nm

Canosne Anserine

AOAC 1984

Soxhl et



Kjeltec system 1002 digtillating

unit

% % X 6.25

Capillary Zone
Electrophoress CZE High

Performance Liquid Chromatography HPLC

Dabsyl-Cl
Knecht 1986

A.  26mg Dabsyl-Cl 20ml CH;CN 4mM DabsyI-Cl

B. 42g NaHCO;  450ml 1N HCl
pH 8.3 500ml 100mM NaHCO; Buffer
C. 3559 NaHPO,  450ml 1N HCl
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pH 7.0 500ml 100ml
100mi 99.5%
D. 25yl carnosine  anserine
250 | 50p | 100mM NaHCO;Buffer
200p | 4mM Dabsyl-Cl 73
12
E. 700u | Na,HPO,
F.  20u |
2. Buffer
BUFFER
Mobile phase A 35mM pH6.4 4% DMF
Mobile phase B CH;CN

Gradient program
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Dabsyl-Cl
Table3. Separating condition of Dabsyl-Cl precolumn method

Column LiChrospher RP-18 250-4
Mobile-phase Gradient program
Flow rate 1.0 ml/min
Detection wavelength 436nm
Chard speed 2mm/min
Oven temperature 40

Dabsyl-Cl

Table4. HPLC gradient program of Dabsyl-Cl precolumn method

Time Flow rate Buffer A Buffer B

min ml/min % %

0 1.0 85 15
20 1.0 60 40
32 1.0 30 70
42 1.0 30 70
44 1.0 I6) 15
4 1.0 85 15

Mobile phase A 35mM CH3;COONa solution pH6.4 4% DMF
MobilephaseB Acetonitrile  CH3CN
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From 1997

Figure 11. Instrumental set-up of a capillary electrophoresis system.
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anserine

SIGMA anserine NOs
201.8nm
anserine carnosine
anserine 195nm  194nm
anserine Dowex-2
Strong anion exchanger pH 2.0

anserine

anserine

ODS

carnosine  anserine
carnosine  anserine
retention time
Dabsyl-Cl
Dabsyl-Cl precolumn labeling/HPLC method

canosne ansgrine Knecht 1986
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(sav)

(nm)

Anserine  carnosine  KNO;  anserine  Nitrtate sat

Figure 12.UV-Visble absorption spectra of anserine, carnosing, KNO;and anserine KNOg,
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KNO;

Anserine
KNO;

Anserine

.

0 2 4 6 8 (min) 0 2 4 6 (min) ° 2 4 6 (min)

_

Anserine A ansrine B anserine
C KNO;
Figure 13. Chromatography of unpurify and purify anserine by HPLC with analysiscolumn. A unpurify anserine B
purify anserine  C KNO; Separating condition: Vydac RP-18 column (for protein and peptide). Mobile phase:

50mM KH,PO,, pH7.0. Flow rate: 1ml/min. Detection wavelength: 200nm
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B. C. NO;

NO, |
Anserine

Anserine Carnosine
Car.

A ansine B carnosne C coinjection
Figure 14. Chromatography of carnosine and anserine by HPLC with
anayss column. (A) ansarine with KNO; (B) carnosing(C)
Coinjection. Separating condition: ODS columnm (MERCK
LiChroCART 250-4,RP-18). Mobhile phase: 50mM KH,PO,,
pH7.5. Flow rate: 1ml/min detection waveength: 210nm
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19.881

Anserine
=]
- C
A. B. 3 .
wy
-
‘a: Ly
Carnosine E’g
o
Anserine
@ o -
¥ 1 S
w o} _;
Dabsyl-Cl 3 Car. @
= Ll';
- el
o Dabsyl-Cl1
i
= Dabsyl-Cl1 % -
~ - -
- (3] oa
o o« -
[=2] o
©)
H i
: VAN ' L ——,4.__*1_/[__/ k_)L,_)J - S
0.00 11.25 22.50 33l75  (min) 0.00 11.25 22.50 33l75  (min) 0.00 11.25 22/50 33175
Dabsyl-Cl A anszine B carnosne C  coinjection.

Figure 15.Chromatograms of HPL C separation of DABS-dipeptide (A) anserine (B) carnosine (C) coinjection
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pico-mole 436nm

Dabsyl-Cl
urea SDS
phosphate  ammonium bicarbonat pH
Chang 1986
peak ghost peak
peak
Dabsyl-Cl carnosine
anserine
Bidlingmeye 1987 phenylisocyanate PTC
HPLC
peak
arginine carnosine
1-methylhistidine  anserine
26 38
10
15
Charles 1966 spectrophotometric
carnosine  anserine carnosine
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(A) (B)

SUY

ae)

Phe.
]

Met. Tyr. IX} |
| ]
i ’t i
L UhuJ
0 10 20 30 40 50 (min) 0 10 20 30 40 50 (min)
A B MDCM

Figure 16. Analyze different ssmples by HPLC
A mixedaminoacids B filtrate after ultrefiltration
The mixed amino acids include aanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutarmine, glycine, histidine,
isolewcine, leucine, lysine, methionine, phenylaanine, proline, serine, threonine, thryptophan, tyrosine, valine, 1-methylhistidine and
3 -aanine. Separation condition: Semi preparative ODS column (250x10mm Nucleosil 100-7 C18, Macherey-Nagrl), Mobile phase:
50mM KH,PO,4, pH8.0, Injection volume:20u |, Detection wave ength: 210nm
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fluorodinitrobenzene FDNB carnosne  anserine
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anserine

adenine nucleotides
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arginine histidine
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carnosine

Higtidine peak

histidine
canosine  anserine
Dunnett 1997
0 -phthaldialdehyde OPA

fluoresence detection
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A. B. C.

Carnosine Car. + His

Histidine

-

! . ieormenged .
0 2 4 (min) 0 2 4 (min) 0 2 4 (min)

A Canosne B Hididine C Cainjection
Figure 17.Chromatography of Carnosine and amino acid by HPLC with analysis column. (A) carnosine (B) higtidine
(C) coinjection. Separating condition: Nucleos| anaytical column. Mobile phase: 50mM KH,PO,, pH7.0.

Flow rate: Iml/min. Detection wavelength: 210nm
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imidazole dipeptides histidine  1-methylhistidine

3-methylhistidine 100
imidazole dipeptides carnosine
anserine
|ssaq 1992
1999

Imidazole dipeptides

canosne anserine 1-methylhigtidine  histidine

anserine carnosine 1-methylhistidine  histidine

dipeptides carnosine  histidine

Higidine dde

chan pKa pH6.0 carnosine pH6.83 pH 7.0

carnosine histidine
carnosine migration time
histidine anserine ddechan  pKa 7.04
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12 4

1: Anserine 13.63min
2: Carnosine 14.14min
3: 1-Methyl-histidine 14.35min m?
4: Histidine 15.20min

0 5 10 15 (min)

Figure 18. Capillary electropherogram of mixed standards including
anserine, carnosine, I-methylhistidine and histidine. Separation
condition: 65cm fused-silica capillary tube and window is 10cm
to the end. Running buffer is 25mM KH,PO,, pH 7.0. Voltage
use positive electrode 9KV. Electronic injection time: 2 sec and

detection wavelength at 200nm
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pH 7.0 carnosine

dipeptides
dipeptide
amino acid caonosne anserine
peak
carnosine anserine
carnosine
anserine carnosine

anserine
100
carnosine anserine

carnosne  anserine

carnosine mg/100g tissue

153.8 38.45 423.72 35943 581.04 anserine mg/100g

tissue 849.37 151.33 529.28 63.24 4047
Chan and Decker 1994 carnosine
anserine anserine
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A- Mixed amino acids B.

Anserine

— .V

0 5 10 15 (min) 0 5 10

A B Dipeptides

Carnosine

Mixed amino acids

15 (min)

Figure 19. Capillary electropherogram of dipeptide and amino acids. (A) Capillary electropherogram of mixed amino acids.

(B)Coinjection of dipeptides and mixed amino acids. The mixed amino acids include alanine, arginine, asparagine, aspartic

acid, cysteine, glutamic acid, glutarmine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylaanine, proline,

serine, threonine, thryptophan, tyrosine, valine, 1-methylhistidineand 3 -danine.
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A B C D E
Figure 20. Capillary electropherogram of meats.
(A) Fresh chicken breast (B) Fresh chicken leg (C) Freeze chicken breast (D) Fresh pork (E) Fresh beef
Runing Buffer:A and B 50mM KH,PO,, pH7.0 C,DandE 25mM KH,PO,, pH 7.0
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carnosine

anserine

Table 5.Concentration of carnosine and anserine from kinds of meats

Ans Car . ) ) .
Ansine Carnosne Ansine Canogne
g % m m mg/ml mg/ml _ _ . .
mg/100g tissue mg/100g tissue mg/100g tissue mg/100g tissue

50.73 77.0 152.19 | 136.12 | 2.253 0.408 604.53 109.47 849.37 153.80
50.13 73.7 150.39 | 151.46| 0.405 0.103 122.36 31.09 151.33 38.45
50.01 77.0 150.03 | 120.16 1.404 1.124 337.34 270.06 529.28 423.72
50.01 72.1 150.03 | 152.06 | 0.177 0.966 51.68 293.70 63.24 359.43
50.04 68.0 150.12 | 147.14| 0.119 1.579 32.34 464.29 40.47 581.04
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carnosine carnosne  anserine

anserine

carnosine

Chan and Decker

1994
Monin
and Oudi 1991
High Performance Capillary Electrophoresis
HPCE
CZE MEKC
CGE CIEF
CITP 1993  Alexander 1999
CGE SDS PAGE
SDS PAGE CGE

10~100

on-capillary detection
CZE
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1993
1996 1993

carnosne anserine

carnoine  anserine

Canegie
1983
canosne ansgine 55 6.8 canosne anserine
014 0.26 carnosine anserine
096 2.3 Carnege 1985
the UK Food Labelling Regulation 1996
Day
2001
MDCM  HDCM
SDS PAGE
ELISA Pettersonet a. 1995 Richardson et al.
1995 Pickeringetd. 1995 Griffineta. 1995
MDCM  HDCM SDS PAGE

MDCM  HDCM
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MDCM hyaine
catilage  Hyaline cartilage
collagen fiber cartilage cells chondrocytes
mucopolysaccharide
ossfied
MDCM HDCM

screening method

Enzyme-linked
immunosorbent assay ELISA
antiserum
50%
Day and Brown 2001
MDCM
hemoglobin Hb
MDCM  HDCM hemoglobin
hemoglobin myoglobin
MDCM HDCM MDCM

HDCM 0 7.5%
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KH,PO,

carnosne anserine

1
69.4% 13.66% 15.56%
0.97% 0.41% 1994
11.33% 16.7%
MDCM
2.

Sulphopropyl SP

—0O-CH,-CHOH-CH,—-0O—CH—CH2>-CH,SO3

dipeptide amino acid
pH 6.0
MDCM
dipeptide

SP column
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dipeptide SP histidine lysne
arginine carnosne  anserine pH6.0
SP
pHS8.0
SP dipeptide carnosine  anserine
pH
Fraction collector dipeptide
histidine arginine lysine
SP oligopeptide
SP pH 80 K*
Fraction collector UV-2100
spectrophotometer 210nm
dipeptide
carnosine  anserine
peak anserine
histidine carnosne  anserine
3. Oligopeptide
oligopeptide
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Figure 21. Construction of mechanically deboned chicken meat.
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Figure 22.Chromatography of Oligopeptide solution by Sulphorpyl SP  column.
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MDCM

carnosine
anserine Y 1227005.856X
62952.06786 Y 1671704.605X 5741.039001
MDCM canosine  anserine

canosne anserine

1 canosne anserine
50.08 2
58.14 1
8.06 4 carnosine
anserine 82
1.8% 5.0%
carnosine carnosine 18 22 Chan
1994
Gopalakrishnan 1994 carnosine
MDCM carnosine
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ODS

SP HPLC
oligopeptide
canosine  anserine HPLC
semi preparative ODS

column (250x10mm Nucleosil 100-7 C18, Macherey-Nagrl) mobile

phase 50mM KH,PO, pH8.0 20u | sample
210nm
anserine
carnosine -CH;
HPLC ODS

canosne ansaine

retention time
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Dipeptide
Table 6. The change of protein and dipeptide from mechanically deboned
chicken meat under difference treetments

82

2029.34g
Canosne |Anszine | Canosne |[Ansrine Ca.+Ans Totd Yidd
(m)  (mgml) [ (mg/mi)| (Mmg/100g) | (mMg100g) mg/100g Ca. Ans,%
64265 0.228 0.463 7220 146.62 21882
5550.9 0.119 0432 3255 118.17 150.72
Hollow 47380 0121 0424 28.25 98.99 12724 1
fiber 8129 0121 0.449 485 17.99 284
PS:
Carnosune Y=1227005.856X +62952.06786
Anszine Y=1671704.605X+5741.039001
Totd Yidd % ca. ans + ca. ans




{A) Ansering () Anserine

| |
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Figure 23. Capillary eectropherogram of MDCM under different
treatments. A treatment with nothing B treatment with water
bath C filtrate of ultrafiltration D concentrate of ultra-filtration
Separation condition: 65cm fused-silica capillary tube and window
Is 10cm to the end. Running buffer is 50mM KH,PO,, pH 7.0.
Voltage 9KV and detection wavelength a 200nm
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Anserine

Retention time

Carnosine:  10.35sec
Anserine :  15.66 sec

Carnosine

0 5 10 15 20 (min)

HPLC
Figure 24. Chromatography of filtrate treatment with ultra-filtration and
cation exchanger by HPLC.HPLC condition:column: Semi preparative
ODS column (250x10mm Nucleosil 100-7 C18, Macherey-Nagrl),
mobile phase: 50mM KH,PO,, pH8.0, injection volume:20u | sample,

detection wavelength: 210nm
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69.4%

13.66% 15.56% 0.97%
0.41%
ODS
canosine  anserine HPLC Semi preparative

or analytica ODS column mobile phase 50mM KH,PO, buffer
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7.0 9000 2 200nm
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A B C
D E
Appendix Fig.1 Extracts of different treatments.

(A) Origina extracts (B) treatment with centrifugation (C) treatment
with water bath (D) filtrate of ultrafiltration (E) concentrate of
ultrafiltration
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Hollow Fiber

Appendix Fig.2 Instrument of Hollow fiber ultra-filtration.
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