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Abstract: Nano-sized fish bone emulsions were prepared from four types of freshwater fish (carp, grass carp, catfish, and tilapia) and two
types of seawater fish (cod and shark), respectively. The properties of the emulsions were comparatively investigated in order to provide a

theoretical foundation for the production and application of nano-sized fish bone products. The results showed that the highest crude protein

content, collagen content, and degree of collagen cross-linking nd in shark bone, while the highest ash content was found in cod bone.

During the initial 2 h of ball milling, the average fish bon e size decreased drastically from 6.40~85.41 um to 62.95~259.12 nm. The
highest and lowest rates of decrease in.fish bone patticle size were found in cod bone and shark bone, respectively. With increasing milling time,
the average particle size gradually stabilized (106.37~172.37 nm). The calcium release percentage, free amino acid content, trichloroacetic
acid-soluble peptide content, and water-soluble protein content of the nano-sized fish bones increased steadily throughout the milling process (p

<0.05). The results suggested the mechanism-of calcium release was associated with both the reduction of fish bone particle size and the

formation of polypeptide/amino acid-chelated calcium. The shape of all six types of nano-sized fish bone particles was close to spherical.
ium release percentage was presented in grass carp bone, a relatively high whiteness was presented in

es, and a relatively high pH value was presented in cod and shark bones.

ish bone; wet ball. milling; nano particle; physiochemical properties; by-product
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Table 1 Proximate composi jﬁe six fish bone samples ( x+s, n=3)
/O

24 WEGY  ALISH% %fé FA % Ca/(mgg) P/(mg/2) Ca/P
sk d 12.10+0.64%  17330.20° 10:0.097 773120.64° 274504379 145.43+£6.39%  1.89:1
Fa 16.79£0.62° . 4.99+0.34" 11.13+0.50° 70.84+0.87°  255.07+2.52°  120.59+4.04  2.11:1
fill & 19.7740.15®%  2.44+0.21° 12.20+0.41€ 72.62+0.08°  261.05£9.77°  130.66x4.11%  1.99:1
bRl 16.31+0.945 < 3.430.108 14.17+0.17° 78.00£0.43%  280.37+5.12%  13427£629°  2.15:1
fiig] 14.82+0.2 1.03+0.21° 8.73+0.14" 82.83+0.36%  294.98+5.69%  153.48+5.77%  1.92:1
) A1.97i0 56 +0.04°  24.09:021"  69.25+0.57°  249.29+15.08°  114.26+2.52°  2.18:1
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Fig.1 FT-IR spectra of the six fish bone samples
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Table 2 Fitting results of secondary protein structure of the six fish bone samples by amide | band
=3 Fa T &
37 & 1612/1632(27.36+0.68") 1612/1632(29.15+0.78"
FALN] -tk 1652(25.37+0.34) 1652(19.91+1.25%)
4t 1671(22.410.03°) 1671(25.81+1.38%)
IR R B 1690(24.86+0.37°%) 1690(25.13+0.65%) |~
fifi & &
B3 & 1612/1635(26.03+0.97°) 1615/1633(23.55+0.39") 1612/1634(29.19+0.05")
FALN -tk 1657(19.33+2.07%) 1650(17.06+1.07%) 1654(20.08+2.75%)
pHEA 1673(27.38+1.81%) | ‘1671(26.03ﬂ:2.14ab)
R R Bk 1691(27.26+0.66") 1689(24.70+0.55%)

E: RIS AR FEHEREARR &FZBF R HFRERF (p<0.05),

23 RAELAT AT A

—
40000 —— G fh —— Bpfn
—— i ——
E
=
o 300 /
) 200
B
100
% 1T 2 3 4 5 6 7 38

128

& J - -

3 BREE 6 h I RONTHAK B B BRI S i S
Fig.3 TEM images of particles of the six fish bone samples with
6 h of milling
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Fig.4 Release percentage Ieium from the sixfish’bone
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Table 3 Free amino acid, TCA-soluble peptide, and water-soluble protein contents of the six fish bone samples during the milling

process ( X+s, n=3)

RSB 18] /h 6 4k Ha fil & EIR g4 Eh
0 3043£2.01°  28.76£1.55%"  80.48+1.85°  2525+253™  168.36+3.425%°  251.08+2.62*
B EALR 1 55.11+2.34%  5272+3.03%  94.16:4.86%  76.44+6.03"  140.5124.60°  247.84+9.174
Ang/g) 2 93.1949.14™  66.03+0.57%  125.02+1.07°%  110.30+£0.94%°  155.52+11.915%" 196.60+15.06"°
3 90.37+6.55™  89.12+2.78™ 14141146  114.59+£3.70°>°  171.19£7.67%° 175.35+10.64"°
TR
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BELER
4 96.19+5.02°P  85.50+4.50™  166.84+13.61%  106.70£5.86°>°  230.36+4.42"9  228.11+6.68*
5 107.82+£3.07%  105.11£4.6%°  162.89£8.50%  135.96£10.11°®  260.17+9.14*>  248.36+0.41"
6 111.66£0.14%°  116.03£6.75%  192.10£7.05%*  147.31+14.41%  266.52+9.88°™  301.99+7.234
7 122.80+7.53%  122.83+4.09° 208.25+11.18™  183.30+1.35%  309.89+2.80** 326.77+19.64*°
8 159.66£1.39%  119.79£0.61™  193.56+1.58%*  17530+3.35%  244.68+13.14%¢  387.5+5.89*
0 2.08+0.73%% 173201057 2.16+0.04"5 0.73£0.05% 2.63+0.05"° 2.80:£0.20"¢
1 2.66£0.01P® 2994055 3.12+0.12¢ 2.30+0.17™ 4.97+0.11%° 6.40£0.43"¢
2 3.00£026™  3.62£0.01°*  3.64+0.18% 3.284+0.01°P¢ 5.15£0.11% 17214020
) 3 3.1440.03%*  435+0.095°¢  4.15+£0.07° 4.06+0.20°% 5.13+0.485 8.49+0.114
TCA i 4 3.3240.06™ 4112044 425+0.07% 4.00£0.03°® 6:22+0.08" 8.94+0.494%
(mg/e) 5 32040.12%  4.95£0.33%"  4.46+0.19""  424+0.18"" 6.23£0.10% © 8.99+0.38%
6 338018 5.05+0.52%  4.63x0.05 4.48+0.32° 6.22+0.1 9.09£0.03"
7 3.45£0.09%  533£028%  4.70+0.23™ 4.73+0.20°% 6.36£032" 9.16+0.04"
8 2.89+0.68°™ 474004  4.73+0.04 4.43£0.70°® 540,525 94+0.36%
0 1.25+0.02%  0.95+0.07 1.51£0.04% 0.28£0.03% % 13740.11°%  1.51+0.14
1 1.74£0.075%  1.64+0.08%  2.23+0.06™ 1.450.47°% 4.19£03"° 4.20+0.26*
2 230£0.06>  1.81£0.01%°  291+0,05%  2.01£0.34°% 4.37+0.30% 5.58+0.09"°
KEHES 3 2.63£0.01°°  2.18£0.05”* 3394031 2.14+0.59P® 4.41+0.14% 5.57+0.55"°
(mgle) 4 2.70£0.17°°  2.06+0.22°% 8£0.095% 1.73:£0.66"® 5.53£0.17% 6.38+0.27
5 2.8740.09°®  248+0.16"° 3584020 221 Eab 5.53£0.07% 6.36+0.04"
6 2.8240.01°®  2.524026™  4.06+0.58“" 2.43+0.42P® 5.39+0.205 6.83+0.09"
7 3.0740.155  2.67+0.14%  4.08+0.34™ 2.81+0.73%® 5.51+£0.06" 6.42+0.64
8 3.09+0.22°%*  2.37+0.02 4.00£0.21°,  3.06+0.98> 4.46+0.75% 7.02+0.24
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Fig.5 pH values of the six fish bone samples during the milling
process
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