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Characteristics of Fish Bone as the Functional Food Additives Produced

with Different Softening Methods

Yoonmi Lee, Jeong Wook Choi, Hye Jung Hwang, Min Kyeong Lee, Su Jin Jeong and

Taek Jeong Nam*

Institute of Fisheries Sciences, Pukyong National University, Busan 46041, Korea

Fish bone-based calcium products are currently receiving much attention among high value-added industries involv-
ing calcium. Industrial processing of fish products yields unused fish parts including bones, which could be used as
marine health foods to enhance the economic and environmental benefits of fish production. The ultimate goal of
this study is to develop the high value-added fisheries products fortified with fish bones supplementing calcium. We
here explored the physical and chemical softening methods of the fish bones to enhance texture of the fish products
with a high degree of calcium absorption rates. The eluted calcium from the fish bone was quantified with the induc-
tively coupled plasma optical emission spectrometry (ICP-OES). The characteristics of the softened fish bones were
determined by the laser diffraction particle size analysis, texture profile analysis, and volatile organic compounds
(VOCs) analysis. As the result, the optimized softening method of fish bone was established when Theragra chalco-
gramma bone was treated twice with the pressurized high temperature (110-120°C and 1.0-1.5 kg/cm?). The produced
softened fish bone turned out to be suitable for the food additives with low particle sizes, low hardness values, and

negligible VOCs responsible for the unpleasant flavors.
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Table 1. Fish-bone softening conditions by physical and chemical
methods

Softening Conditions
A 10% acetic acid 24 h, 1:3 (W/V)
P1 Pressure (autoclave - 1 time)
P2 Pressure (autoclave - 2 times)

Dry and powder
(oven)
140°C/30 min
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Fig. 1. Calcium elution amount according to the softening method.
LB, Larimichthys polyactis bone; TB, Theragra chalcogramma
bone; A, 10% acetic acid treatment; P1, Pressure 1 time; P2, Pres-
sure 2 times. Each value is expressed as mean+SD in triplicate ex-
periment. Values with different alphabets are significantly different
at P<0.05 as analyzed by Duncan’s multiple range test.
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Fig. 2. Particle size distribution of fish bone with different soft-
ening method. LB, Larimichthys polyactis bone; TB, Theragra
chalcogramma bone; C, Control, no treatment; A, 10% acetic acid
treatment; P1, Pressure 1 time; P2, Pressure 2 times. Each value is
expressed as mean+SD in triplicate experiment. Values with differ-
ent alphabets are significantly different at P<0.05 as analyzed by
Duncan’s multiple range test.
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SAH XMl

= A9 24 7:'343 Zy7kol R Wotal EFEHAE
(mean+SD)= LEF A HHE =X o] 2] ANOVA teat=
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Fig. 3. Comparison of LB-A and TB-P’s particle size distribution.
LB-A, Larimichthys polyactis bone-10% acetic acid treatment;
TB-P1, Theragra chalcogramma bone-Pressure 1 time; TB-P2,
Theragra chalcogramma bone-Pressure 2 times.
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Fig. 4. Hardness result of fish bone with different softening meth-
od. LB, Larimichthys polyactis bone; TB, Theragra chalcogramma
bone; C, Control, no treatment; A, 10% acetic acid treatment; P1,
Pressure 1 time; P2, Pressure 2 times. Each value is expressed as
mean+SD in triplicate experiment. Values with different alphabets
are significantly different at P<0.05 as analyzed by Duncan’s mul-
tiple range test.
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Table 2. Detected VOC:s list of TB-C by GC/MS

Peak no. m/z Height Name
1 TIC 3304699 Carbon dioxide

2 TIC 364019  Acetaldehyde

3 TIC 3615160 Ethanol

4 TIC 2312309  Propanal

5 TIC 257267 Isobutanal

6 TIC 874575  2-Methylpentane

7 TIC 860528 Butanal

8 TIC 870289 2-Butanone

9 TIC 208184  3-Methylpentane

10 TIC 1137676 Hexane

1 TIC 679796  Methylcyclopentane
12 TIC 216961 Methylbutanal

13 TIC 547028 1-Penten-3-ol

14 TIC 438585 Pentanal

15 TIC 345989  Ethylfuran

16 TIC 260445 Heptane

17 TIC 752963 Methyl disulfide

18 TIC 422961 2,5-Dimethylhexane
19 TIC 892502 2-Methylheptane
20 TIC 1288201 Octane

21 TIC 745721  Hexamethyl-Cyclohexasiloxane
22 TIC 571699 Toluene

23 TIC 2303746  2,4-Dimethylheptane

oqE}(Flg 3). o] TB-P22-2 A1Zo| H7}st0] 24 7|54 A
F2 sk glof 71 52409 S0 BEE A2
% BEEE o] 83 AL HEE AT A E 17} 2ol
A Al 9 ere e Fa A2 deiA 9lom(Kum
etal, 1999~ Choi et al. 2001) o12}0] Z7]o) uhakA WL
=5 F40) e vlAE Ao
HiE %E}(Klm et al., 1996).
Ax MSl(Hardness test)
2914 ozt =g Belat Anks Fig.
T3] a) o (LB C I} TB-C)> 4500 g ooz 24
Hjo} 71 kg Ao UERton, o 2olx dski
o 2 A f o4l Hol7t gl A0 Liskstch. ul
TB-P2tof| A= A Al W) 27to] tfili FAfx]= @S 5
o), A AY AT IAE 71 she g Lehie,
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Table 3. Detected VOC:s list of TB-P2 by GC/MS

Peak no. m/z Height Name

1 TIC 1328547 Carbon dioxide

2 TIC 80609 Acetaldehyde

3 TIC 1495697 Ethanol

4 TIC 459772  Propylene oxide

5 TIC 413518 Isopropyl Alcohol

6 TIC 349550  Trimethylsilanol

7 TIC 1324128 Acetic acid

8 TIC 116849  Methylcyclopentane

9 TIC 109492 Benzene

10 TIC 93043 1-Penten-3-ol

1 TIC 77970 Pentanal

12 TIC 121098  1-(2-Furanylmethyl)-1H-pyrrole

13 TIC 106292  4-Methyl-2-pentanone

14 TIC 133798 Methyl disulfide

15 TIC 238012 Toluene

16 TIC 195619 Dimethyldiethoxysilane

17 TIC 224222 Octane

18 TIC 2412517 Dimethylsiloxane cyclic trimer

19 TIC 3394706 Octamethyl-Cyclooctasiloxane

20 TIC 80104  Octamethyl-Cyclooctasiloxane

21 TIC 2829552 Dimethylsiloxane pentamer
7-Chloro-1,3-Dihydro-5-

22 TIC 1746192 Phenyl-2H-1,4-Dibenzodiazepin-

2-One TMS DE

VOCs, volatile organic compound; TB, Theragra chalcogramma
bone; C, Control; GC-MS, gas chromatography-mass spectrom-

etry.

VOCs, volatile organic compound; TB, Theragra chalcogramma
bone; P2, Pressure 2 times; GC-MS, gas chromatography-mass
spectrometry.
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Fig. 5. Detected VOCs of TB-C by GC/MS. VOC:s, volatile organic compound; TB, Theragra chalcogramma bone; C, Control; GC-MS, gas

chromatography-mass spectrometry.
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Fig. 6. Detected VOCs of TB-P2 by GC/MS. VOCs, volatile organic compound; TB, Theragra chalcogramma bone; C, Control; GC-MS,

gas chromatography-mass spectrometry.
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&l 213} lch(Fig. S, Fig. 6). HE A% o) A]
oFF A2 AEEA gaken, tiFE ethanol, 2,4-dimethy-
hepanet -2 A Ao A F-efigh &7 AJ=o] A= 3ItHTable
2, Table 3). 9| A1HE vhgo2 4A WE H7lsto] 7]54 4]
7N AL A ) R oA B EE olF] 52 fle AR
Lrebteh

At A AAISE Al 9T =7EE AE
3 I (NIAS, 2016)°] t2H HE 100 g T7-3H= L4
271 19 mg, HE 109 mg O 2 ez} 2719 vlsf| oF 61l
O] Zrg-S RSkl Qlom, T 2 A ] JrEREAY
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iy O o
Boox rlo 1x

of| A e W o] ARF7F 27 o] YR}H T 2HF7] wiito]] 27
w|(LB) 2o} Yel w(TB)7} 24 71578 Al i $l8) of
(surimi)ol] F7Fs}7] 71 23tgh Aol efar ek
A S A3}sH= AEL 110-120°Co)l 4] 1.0-1.5 kg/em? 9F
25 22| 7Fshs 112 g o] 7P 4= st o, o 2
3] At A w(TB-P2)S] A7 2 Ak 52 aefst 4
o At A= A ME AT ] 2 B2 2F 1600-2000
ppm OO 2 HEEH, o] =AM W E Aststo| &= A 2] B
of Wk Z oll= & W3} §le-S AlARITE oS T
o S v A= pHE ERISH A7 7.022, A4 WS H 7} Al
A& A5 S Ao S nR]A] & A0 R AR HCH
775t i 800 mg®] ¢lof wie} i+t WE Al A 107
oA WS uff F4&0] ZF 71 21.9+1.7,22.5£1.7%% 0, &
A7Fo) e B E] ] okofrk(Malde et al., 2010).
E3F GC/MSE 53 7178 2l A3t A wE o gl
7FE o EFHE she FICHA) R Iu Bl -3 ehy
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