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Abstract

Various mixed solutions of fish collagen peptide and calcium chloride were fractionated with ethanol, in
order to evaluate their Ca binding capacity, amino acid composition and spectral properties. The peptides
bound 35 to 88 mg/g peptide of Ca. Amino acid composition analysis and Fourier transform infrared
spectroscopy suggested that Ca ions mainly adhered to the carboxy groups of the acidic amino acid residues,
such as aspartic acid and glutamic acid. Moreover, the Ca solubilization rates of the collagen peptide and Ca
binding peptide (CaP) were slightly higher than those of the control. Although the collagen peptides were
decomposed into small molecules by protease, their Ca solubilization rates, as evaluated using enzymatic
digestion test, were similar to those of the undegraded products; this suggests that Ca must be kept in the
ionized state to maintain solubilization.

In this study, ovariectomized mice were fed diets supplemented with 1% or 5% tilapia collagen peptide
for 13 weeks. The femur weight was higher in the 5% group than in the sham-operated and ovariectomized
groups. The serum Ca concentration in the 59 collagen peptide group was similar to that in the sham-
operated group. From these results, it was clarified that tilapia collagen peptide may promote bone

metabolism in ovariectomized mice.
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Table 1. Composition of experimental diet for each mouse group.

(g)

SHAM OVX CP1Y% CP5%

Cornstarch 397 397 387 347
Casein 200 200 200 200
Dextrinized cornstarch 132 132 132 132
Sucrose 100 100 100 100
Soybean oil 70 70 70 70
Cellulose powder 50 50 50 50
Mineral mix (AIN-93G-MX) 35 35 35 35
Vitamin mix (AIN-93VX) 10 10 10 10
L-Cystine 3 3 3 3
Choline bitartrate 2.5 2.5 2.5 2.5
tert-Butylhydroquinone 0.014 0.014 0.014 0.014
Tilapia collagen peptides - - 10 50
Total 1,000 1,000 1,000 1,000

SHAM: Sham-operated; OVX: Ovariectomized; CP1%: 1% collagen peptide
added; CP5%: 5% collagen peptide added.
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Fig. 1. Calcium binding capacity by the difference of reaction conditions. Data are shown as
the means+SE, n=3, and One-way ANOVA procedure followed by Tukey’ s test was used
to evaluate the statistical significance. The different letters on the values indicate significant
difference between the reaction conditions (p<0.05).
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Fig. 2. FTIR spectra of two fish collagen peptides, PCs and CaPs in the
regions of 400 to 4,000 cm™. PC indicates the control peptide fractionated
by ethanol, and Cap indicates the fractionated Ca-binding peptide

Table 2. Amino acid composition of collagen peptides, PCs and CaPs.

(%)
Snapper Tilapia Pig
Collagen peptide PC CaP Collagen peptide PC CaP Collagen peptide PC CaP

Asp 4.240.02 4.4+0.0° 5.040.0¢ 4.140.02 4.44+0.0>  4.7£0.0¢ 434024 4.8+0.2>  5340.1P
Thr 2.34+0.12 2.740.0b 2.740.0P 2.64+0.02 2.5+0.0 2.6+0.02b 1.54+0.12 1.34+0.12 1.24+0.12
Ser 2.84+0.32 3.340.02 3.4+0.02 3.74+0.02 3.240.1P 3.3+0.0b 3.440.02 3.6+0.0P 3.540.02b
Glu 8.2+0.12 8.8+0.1>  9.8+0.0° 7.940.02 8.6+0.06  9.6+0.0¢ 7.6+0.32 8.5+0.32 9.9+0.3b
Gly  34.6+0.5% 3424032 34.4+0.1? 34.140.02  34.440.1*>  34.2+0.12 33.940.32  34.14+0.12  34.1+0.32
Ala 13.04£0.12  11.6+0.0> 11.340.0P 12.240.02  11.440.0> 11.0£0.0¢ 10.340.22 8.74+0.2P 8.3+0.2b
Val 2.14+0.02 1.6+0.0° 1.4+0.0¢ 1.74£0.02 1.5+0.0P 1.340.0¢ 2.240.12 1.6+0.0° 1.3+0.0¢
Cys 0.0+0.02 0.0+0.02 0.0+0.02 0.0+0.02 0.0+0.02 0.0+0.02 0.0+0.02 0.0+0.02 0.0+0.02
Met 0.8+0.12 0.740.0b 0.8+0.02b 0.4+0.02 0.740.0P 0.740.0° 0.240.12 0.440.02 0.4+0.22
Tle 0.9+0.02 0.74£0.0>  0.6%0.0¢ 0.9+0.02 0.74£0.0>  0.640.0¢ 1.0+£0.12 0.74£0.12 0.5+0.22
Leu 1.940.02 1.8+0.0P 1.6+0.0¢ 2.0+£0.02 1.840.0P 1.740.0¢ 2.14+0.12 2.040.02  1.6+0.2P
Tyr 0.1+0.02 0.2+0.02 0.1£0.02 0.1£0.02 0.1£0.0>  0.1£0.02 0.1+0.12 0.1+£0.12 0.2+0.02
Phe 1.240.02 1.1£0.0° 1.0£0.0¢ 1.24£0.02 1.1£0.0P 1.0+0.0¢ 1.1£0.02 1.1£0.02 0.9+0.0b
Hyl 0.6+0.02 0.74£0.0>  0.7£0.0P 0.6+0.02 0.8£0.0>  0.940.0¢ 0.6+0.02 0.6+0.12 0.8+£0.12
Lys 2.6+0.02 2.8+0.06  2.8+0.0P 2.4+0.02 2.74+0.0P 2.840.0¢ 2.9+0.22 3.240.22 3.440.2°
His 0.6+0.22 0.74£0.22 0.5+£0.02 0.4+0.02 0.5£0.0>  0.640.0¢ 0.3+£0.02 0.4+£0.02>  0.520.0P
Arg 4.6+0.02 5.6+£0.0>  5540.0¢ 4.74£0.02 5.440.0P 5.240.0¢ 4.7+0.12 5.3+0.3b 5.4+0.2b
Hyp 8.3+0.22 8.8+0.12 8.7+£0.12 9.0£0.12 8.9+0.12 9.2+0.12 10.12£0.22  10.6+0.22  10.7£0.22
Pro 11.240.12  10.3£0.1>  9.740.2¢ 12.1£0.02  11.3+0.1>  10.3£0.1°¢ 13.7£0.22 127403 12.0£0.2P
Total 100 100 100 100 100 100 100 100 100

PC indicates the control peptide fractionated by ethanol, and Cap indicates the fractionated Ca-binding peptide. Data of Emperor red snapper and Nile
tilapia are shown as the means+SE, n=3, and One-way ANOVA procedure followed by Tukey’s test was used to evaluate the statistical significance. The

different letters on the values indicate significant difference (p<0.05).
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58%, TIET AT =7 RTFRIEET %, 7Y
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IZK % Caf &aglE, ROEY DCafl &aE & ik L CH
BETH-o (Fig. 4, 2B, TNEXT T VoMo
FEEHSTEIL, & 44,000 K460 THD, RT3
-NU T U RYITIE, £ & 2,200 B 182,300 T d o
oo —H, RTZRUORT - T2 @D
U AT DEE FICBIT S Can[iFbREFARZEZ
B, THIVIAROTIETDAT =7 2 RTF RO
NI VR THEZ68KTV6.7%ThHD, RT T -
R T U RE, W6.0% TH o=, KRORY D
Ca MIVE(LRIIBE R i & i U THERBRZEIZRD 5
nwn-ot,

4. FOET7AS—TUORTF RERICKIMEFBET
D ADERBCRIFTHE

B IR O SHAM, OVX, CP1 % A TNCP5 % 7/
— 7 OEEHEREL, FHEL T 45.0, 4.3, 4.0 K
4.2g/H/IETH > 7z, KREIT, ALK TR, &7
=TI TEITIZED SN MN o7z (Table 3), T EEE
1%, SHAM & Hfg L C, OVX, CP1 % X UXCP5 % 7/
N—T TR ZR L 2o PN OB E 21213221378
Ino 7208, SN E IS EIL, SHAM & i L TOVX
K OCP5 % 7 )V — 7 T/Ahie <, B IEE g G213,
SHAM & bl U COVXALE 7 )V — T Thlaho 7z, 1
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Fig. 3. Calcium solubilization rate in the presence of phosphate
ions (%). Snapper and Tilapia show each collagen peptide,
and each Cap indicates the fractionated Ca-binding peptide.
Data are calculated as a percentage of added calcium, and
shown as the means+SE, at least n=3, and One-way ANOVA
procedure followed by Dunnett s test was used to evaluate
the statistical significance. The significant difference from
calcium control is shown by an asterisk (p<0.05).
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Fig. 4. Calcium binding capacity and Weight-average molecular
weight by ethanol fraction of enzymatic degradation products.
Data are shown as the means+SE, n=3.
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Table 3. Body and tissue weights and serum properties of each mouse group.

SHAM ovx CP1Y% CP5Y%,
Initial body weight (g) 34.0+1.1 35.1+1.3 35.141.2 35.140.9
Final body weight (g) 57.74+4.8 62.347.0 60.5+4.6 63.1+5.0
Uterus (mg/g) 42+1.12 1.0+0.6P 1.3+0.7b 0.9+0.3b
Liver (mg/g) 27.94+2.3 29.0 2.2 28.843.5 29.944.1
Kidneys (mg/g) 8.241.0 7.3+1.0 7.74£0.9 8.2+ 1.0
Periovarian fat (mg/g) 92.5+16.72 71.7+9.9b 76.1 + 15.02b 74.0 +8.4b
Perirenal fat (mg/g) 43.6+9.12 30.2+9.5P 25.0+6.0P 29.6+3.1P
Serum calcium (mg/dL) 9.5+0.42 11.2+0.8P 10.3 +0.82ab 9.8+ 0.62

SHAM: Sham-operated; OVX: Ovariectomized; CP1%: 19, collagen peptide added; CP5%: 5% collagen peptide added.

Data are shown as the means+SD, n=7-8, and One-way ANOVA procedure followed by Tukey’ s test was used to evaluate the statistical

significance. The different letters on the values indicate significant difference (p<0.05).

Table 4. Left femur properties of each mouse group.

SHAM ovx CP1Y% CP5%,

Dry weight (mg) 71.8+£2.1ab 70.5 4 2.62 73.7 +3.0ab 74.9+3.9b
Ash weight (mg) 43.7+2.2 43.0+2.4 43.9+2.3 45.1+£2.6
Calcium (mg) 14.7 +0.62b 14.4+0.82 15.0+0.7ab 15.6+ 1.0P
Phosphorus (mg) 7.4+0.32b 7.3+0.42 7.7+0.42b 7.940.4b

SHAM: Sham-operated; OVX: Ovariectomized; CP1%: 19, collagen peptide added; CP5%: 5% collagen peptide added.

Data are shown as the means+SD, n=7-8, and One-way ANOVA procedure followed by Tukey s test was used to evaluate the statistical
significance. The different letters on the values indicate significant difference (p<0.05).
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