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Effects of Extraction Method on Anserine, Protein, and Iron
Contents of Salmon (Oncorhynchus keta) Extracts

Hye-Ok Min', In~-Myoung Park® and Ho-Su Song®

'Busan Regional Office of Food and Drug Safety
“Department of Oriental Cuisine and Culinary Arts and
JDepartment of Western Cuisine and Culinary Arts, Youngsan University

ABSTRACT Effects of extraction methods on reducing concentrations of pro-oxidants (total iron and protein) of
salmon was determined. For development of the extraction process, the effectiveness of several extraction methods
was determined and compared, including heat treatment (60, 80, and 100°C), ion exchange and carboxymethyl
(CM)-cellulose column chromatography, and ultrafiltration (UF). Protein, total iron, and anserine contents of salmon
extracts were 23.64 mg/mL, 16.20 pg/mL, and 5.47 mg/mL in non-heated extracts, 7.40 mg/mL, 2.32 pg/mL, and
5.20 mg/mL in heated extracts at 60°C, 7.64 mg/mL, 1.20 pg/mL, and 5.21 mg/mL at 80°C, and 7.04 mg/mL, 0.68
pg/mL, and 4.04 mg/mL at 100°C, respectively. Heating and UF decreased contents of protein and total iron, whereas
only UF slightly decreased anserine content. Application of the primary ion exchange method increased the content
of anserine up to 16%. Protein and total iron contents by the primary ion exchange method decreased by 70 and
98%, respectively. Secondary ion exchange (CM-cellulose) treatment after primary ion exchange and UF resulted in
lower anserine content than the primary ion exchange method. However, the content of impurities (protein, total iron)
was lower than in all other salmon extracts. Therefore, primary ion exchange, UF, and secondary ion exchange method
were the best extraction processes in this study.
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Chum salmon muscle 1part + Deionized water 2parts (4C)
Blend (60sec, 2times)
Homogenize (2min, 4times)

Centrifuge (8000Xg, 30min, 4C)

Supernatant

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

Centrifuge (8000Xg, 20min, 4C)

Filter through Whatman No. 5A filter paper

Filtrate

Filtrate

Ultrafiltration (50psi nitrogen)

o})
}oﬂv

Chum salmon muscle 1part + 1% picric acid 2parts (4C)
Blend (60sec, 2times)
Homogenize (2min, 4times)

Centrifuge (8000Xg, 30min, 4C)
Supernatant

Filter through Whatman No. 5A filter paper

Pass through Dowex 1X8 chloride cloumn
(2.5X30cm)

Cool in ice bath
Centrifuge (8000Xg, 20min, 4C)
Filter through Whatman No. 5A filter paper

Eluate

| 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 (M.W. 500 cut off size)

L Filtration of ion exchange extracts

CM-cellulose chromatography

Fig. 1. Extraction procedure for anserine from chum salmon.

>

Optical density

-

=00 400

z00

a00

Absorbance{nm}

Fig. 2. CM-cellulose ion exchange chromatography pattern of salmon anserine. A, O.D of anserine standard; B, O.D of

anserine extracts.
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Table 1. Proximate composition of chum salmon (O. keta)

Ingredient Content (%)
Moisture 76.34+0.31"
Crude protein 20.45+0.04
Crude lipid 3.75£1.20
Crude ash 1.26+0.04

"Data are expressed as meantstandard deviation (n=3).
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Table 2. Free amino acids composition of chum salmon muscle

Free amino acids Content (mg/100 g)

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 7.83
L-Isoleucine 61.40
L-Leucine 124.34
L-Tyrosine 58.76
B-Alanine 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 1,070.51
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-8-Hydroxylysine 5.37

Total 2,485.91
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Table 3. Effects of heat treatment and ultrafiltration on the con-
tents of protein, iron and anserine in salmon extracts

Contents

Treatments Protein Iron Anserine

(mg/mL) (png/mL) (mg/mL)
Unheated 23.64+021""  16.20+0.09 5.47+0.22°
Unheated-1 6.00+£0.64" 2.94+0.06° 4.46+£0.26™
Unheated-2 5.4240.13%  1.60+0.07 4.35+0.56™
Unheated-3 5224012 0.64+£0.028"  4.3240.32%°
Unheated-4 4.46+0.04" 0.42+0.03™  3.09+0.08"
60°C 7.40£0.39%  232$0.02°  5.20+0.63"
60°C-1 7.50+0.23° 0.48+0.02"™%  4.93+0.56™
60°C-2 5.40+0.44%  0.50+£0.05%"%  4.67+0.60™*
60°C-3 4.98+0.28" 0342001  4.16+0.57™
60°C-4 5162031 0.34+£0.02  2.58+0.52°
80°C 7.64£0.04°  120£0.12°  521£0.15"
80°C-1 6.76£0.20°  0.94x0.02"  4.15+021"
80°C-2 6.78+0.29° 0.74+0.03"®  4.8620.50®
80°C-3 4.98+0.09"  0.5240.02¢"%  4.03+0.34"
80°C-4 4.48+0.28" 0.30+0.01"  3.26+0.24™
100°C 7.0440.28"  0.68+0.02%"  4.04+0.31™
100°C-1 5.40£0.48%°  0.58+0.01%"  5.2240.28%
100°C-2 6.060.04" 0.4240.02"%  4.5120.35™
100°C-3 4.68£0.07"  0.40+0.017  3.78+0.28"
100°C-4 4.68£0.22°"  0.14+0.01' 2.49+0.24°

"Data are expressed as meantstandard deviation (n=3).
Means within a measurement with different letters were sig-
nificantly different (P<0.05).

Untreated: sample without heated treatment and water extract.
60°C, 80°C, 100°C: samples which had been water extracted
by heating to 60, 80, 100°C for 15 minutes.

1, ultrafiltration (molecular weight cut off 30,000<); 2, ultrafil-
tration (molecular weight cut off 10,000<); 3, ultrafiltration
(molecular weight cut off 3,000<); 4, ultrafiltration (molecular
weight cut off 500<).
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Table 4. Effects of ion exchange chromatograpy and ultrafiltra-
tion on the contents of protein, iron and anserine in salmon ex-
tracts

Contents

Treatments Protein Iron Anserine

(mg/mL) (ug/mL) (mg/mL)
IEC-A 7.30£0.26"  0.46+0.01° 6.38+0.31°
IEC-A-1 6.78+0.16" 0.40+0.01° 6.19+0.79"
IEC-A-2 5.34+0.17° 0.404£0.01° 4.61£0.87°
IEC-A-3 5.010.20° 0.22+0.01° 3.35+0.25¢
IEC-A-4 4.74+0.06° 0.14+0.01° 4.22+0.09
IEC-B 3.90+0.11° 0.04+0.01° 3.72+0.21°

"Data are expressed as meantstandard deviation (n=3).
Values with different letters (a-f) within a column are sig-
nificantly different (P<0.05).

IEC: Ion exchange chromatography treated.

A: Primary ion exchange chromatography (Dowex 1X8) treated.
1, ultrafiltration (molecular weight cut off 30,000<); 2, ultra-
filtration (molecular weight cut off 10,000<); 3, ultrafiltration
(molecular weight cut off 3,000<); 4, ultrafiltration (molecular
weight cut off 500<).

B: Secondary ion exchange chromatography (CM-cellulose) treated.
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Fig. 3. SDS-PAGE patterns of each purification step of sal-
mon extracts. A, water extract; lane 1, B, molecular weight
marker; lane 2, C, water extracted and ultrafiltration per-
meation (UFP) 500 cut off; lane 3, D, water extracted by
heating to 60°C and UFP 500 cut off; lane 4, E, water
extracted by heating to 80°C and UFP 500 cut off; lane
5, F, water extracted by heating to 100°C; lane 6, G, water
extracted by heating to 100°C and UFP 500 cut off; lane
7, H, Ion exchange chromatography treated with Dowex
1 X8 and UFP 500 cut off; lane 8, I, CM-cellulose ion
exchange chromatography treated.
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Fig. 4. HPLC chromatogram of salmon extracts.
A, anserine standard; B, represent the sample
without heated treatment; C, represent the sample
without heated treatment and permeate ultrafiltra-
tion (UF); D, represent the sample which had
been extracted by heating to 60°C for 15 min;
E, represent the sample which had been extracted
by heating to 60°C for 15min and UF; F, repre-
sent the sample which had been extracted by
heating to 80°C for 15min; G, represent the sam-
ple which had been extracted by heating to 80°C
for 15 min and UF; H, represent the sample
which had been extracted by heating to 100°C
for 15 min; I, represent the sample which had
been extracted by heating to 100°C for 15 min
and UF.
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Fig. 5. HPLC chromatogram of salmon ex-
tracts. A, represent the sample which had
been extracted by ion exchange chromatog-
raphy (Dowex 1X8); B, represent the sam-
ple which had been extracted by ion ex-
change chromatography (Dowex 1X8) and
UF; C, represent the sample which had been
extracted by ion exchange chromatography
(CM-cellulose).

Fig. 6. LC/MS chromatogram of salmon
extracts. A, anserine standard: B, the sample
extracted by ion exchange chromatography
and UF; C, the sample extracted by ion ex-
change chromatography (CM-cellulose).
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