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Abstract

The food components of fish (skipjack tuna, yellowfin tuna, bluefin tuna, conger eel, salmon, Spanish mackerel,
armored weasel-fish) frames and their hot-water extracts were investigated to explore their possibilities as
resources for fish Gomtang. According to the results of volatile basic nitrogen and heavy metal, bluefin tuna
and salmon frames were below the safety limits suggested by Codex Code. Thus, bluefin tuna and salmon frames
appeared to be safe as basic ingredients for fish Gomtang. The major components of all hot-water extracts
from fish frames were nitrogenous component. According to the results of extractive nitrogen and sensory
evaluations of hot-water extracts from fish frames, the salmon frame was a good raw material as a basic
ingredient of fish Gomtang. The calcium and phosphorus contents of hot-water extracts from salmon frame
were 18.0 mg/100 ml and 33.1 mg/100 mL, respectively.
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Fig. 1. Bone (B) and muscle (0) ratios to fish frames.
ST: Skipjack tuna, YT: Yellowfin tuna, B: Bluefin tuna, CE:
Conger eel, CS: Chum salmon, SM: Spanish mackerel, AW:
Armored weasel-fish.

Table 1. Proximate compositions of fish frames
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Proximate composition (g/100 g)

Moisture Crude ash Crude protein Crude lipid
Skipjack tuna 52.81+0.0 19.1+0.1 (40.5) 18.610.0 (39.5) 8.3%0.1(17.6)
Yellowfin tuna 39.6x0.1 30.0£0.0 (49.7) 18.1£0.1 (30.0) 10.9+0.3 (18.1)
Bluefin tuna 66.5+0.2 10.6+0.2 (31.6) 18.2%£0.2 (54.4) 29102 @7
Conger eel 66.1+0.0 6.810.0 (20.1) 16.31+0.1 (48.2) 9.4+0.1(27.6)
Chum salmon 676103 13.3£0.1 (41.1) 14.2+0.0 (43.7) 3.5£0.0(10.9)
Spanish mackerel 56.6+0.1 7.7x01Q7.7) 189%0.3 (43.7) 15.3£0.2 (35.4)
Armored weasel-fish 74603 89=£0.2(34.9) 14.7+0.1 (57.8) 0.6=£0.0(25)

The value in parenthesis means g/100 g of dry material.



1420 S - AR - AAY - A -7

FAE 9 shielz A= o] (23), vigll & 283 HA
F240E Arlede] frame, Aol frame ¥ £-297) frame
2 aoE g

Fish frame2| &4 A7|EA W B35

7% fish frame®] 7}F A2 2 M- 7HeA S HES) €
slod A £ FEAArAA e 2 $55 e A9
Table 29} Zth 73 fish frame?] LA G714 ke
AbA] frameo] 7.6 mg/100 g2 B 71 Ugka, th& o g2 oo
frame(9.6 mg/100 g), e}zl frame(14.4 mg/100 g), 3}
#o] frame(17.9 mg/100 g)2] olgl.oH, o]k} &2 ek
< vepd v z] Jiekske] frame, B4e] frame @ -2
7] frame 58 A% 2T 20 mg/100 g ©13E Yehlgich
A 0B FAMES THE AR o] &3luA} sl A A
= A2 20 mg/100 g o] 3F2 A A3l YThH20)e A&
Teidte] B A9 AU g HollMe 2 Y
oA ZAEZ 7£9] fish frame BF FAAE 712 AAl =
o] &3te{ = EAIZF gloalw =l

7% fish frame®| $35(d, 2§ % 7t=F)HlA 54t
AE 7 2R o4 7S AER A Fe] A B
Aol frameol| 4 0.4 ppme Yellslz, o1& A9 629
fish frameell 41 0.1 ppm ©]13}& Yelligl o, 283 7}
Z=F9 A% 7% fish frame?] 254 0.1 ppm °]3}2 #
EH %tk 33, Codex Code(@)= A E2o 24 FF454
AXE ZEY 4% 02~1.0 mg/ke, 2 A% 02~04
mg/kg, T3 FIEF2] AS AL & ket 74
sta glvh 2 A A RR AEF 72 fish frameE S
Codex Code(24) A ol H-8A17]= A ¢ Fellie B3]

e - ALE - A S - FHRlS - ZAE

framee] FAA g, AEAHe 257} b stgl o,
FtEFoll A= Arlete] frames} Aol framed A9 6F
9] frameo] #A7} F ik @b, FelEde] framedt o]
framed A2 & 5%9| fish frames FAAE 7HEAaA R
ol &3tz=}l & w o] & fish frame] vl @] &o] =2 A
ol FFEAQ Wl FA 2 f 9lonE {25t of
sle]e) gdE A o2 S35 ZFEHFH fish frame
& AE7E 2AR ol g3t e B FEEA Hell
A qbAF AAlE FohEte] frame B o] frame 2 E FH
=Hoh

Fish frame2| 27|

7% fish frame®] F7|4d F=-& Table 35 3t} 752
fish frameo] 2% FAEE AFQ2.7~116 g/100 g)ol L,

$2 2 QN1.3~59 g/100 g)elder, “EE, 2§, 7t
g 2 2 52 500 mg/100 g ©]3t2 vwl=F gHR-xe] U
t} o] 9} zo] 7E9] fish frame ¥} FA4 Eol
o)Ay 7L o Fuwl o] Fr]Ae] hydroxyapatiteZ T4 =
o] gl7] WE(25)ele} A= det 79 fish frameT 7t
2 P Fristo] frameo] 116 g/100 g2 714 £
3, thg-o 2 7lohEte] frame(7.6 g/100 g), o] frame(5.2
g/100 g), #rleto] frame(d4 g/100 g), E-297] frame(3.7
g/100 g), AAA frame(3.0 g/100 g) 58} £l 2n, A
frameo] 2.7 g/100 g2 & 7} JF9tr).

A=
= %

0x
A

Fish frame £&&2| ul
7%9] fish frame™ &% A}
3oy 1200)9] 7HF 455 7137

i

ol <A =k (fish frameol] o
& Z2Z(100°Cel A 64

-

Table 2. Heavy metal and volatile basic nitrogen (VBN) contents of fish frames

Fish frame VBN Heavy metal (mg/kg) .
(mg/100 g) Pb Cr Cd
Skipjack tuna 19.220.9 0.1+00 NDY 0.1£0.0
Yellowfin tuna 14.4+0.1 ND 0.1£0.0 0.1+0.0
Bluefin tuna 17.9+0.1 0.1£00 0.1+0.0 ND
Conger eel 19.4+1.0 0.4x0.0 ND 0.1£0.0
Chum salmon 9.6%£0.3 0.1£0.0 0.1=£00 ND
Spanish mackerel 7610.2 ND ND 0.1+0.0
Armored weasel-fish 194+0.3 0100 ND 01£0.0

UND: not detected.

Table 3. Mineral contents in fish frames

Minerals (mg/100 g)

Fish frame K Ca Mg Na P Feo

Skipjack tuna 2351+53 7631.8+1220  1482+14 4417417  38084+199  61+0.1
Yellowfin tuna 159.7+2.8 11614411563  2347+06 307620  59094+347  39+01
Bluefin tuna 2399+65 43656+ 185 1176+18 368+12  22026+346  27+00
Conger eel 200.1+3.4 26582424 807424 1190+26 13184196 2.8+0.1
Chum salmon 150.8+11.6 51525+ 163 1605+16.3 1464127  25826+153  24+01
Spanish mackerel 982.2+2.3 3.0086+17.9 89.4+179 1753420  15939+208  44+00
Armored weasel-fish 1069462 3,6745+31.9 61.8+319 9256+13 185261163  23+0.1

Values showed mean=standard deviation of thra determinations.
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Table 4. Proximate compositions of extracts” from fish frames and cattle bone

Proximate composition (g/100 mL)

Extracts

Moisture Crude ash Crude protein Crude lipid
Skipjack tuna 972x0.1 0.27£0.16 (9.6) 1.68+0.01 (60.0) 0.53%0.15(18.9)
Yellowfin tuna 98.0+0.0 0.21:£0.08 (10.5) 1.09+0.02 (54.5) 0.38£0.19 (20.0)
Bluefin tuna 97.1+01 0.24x0.15(8.3) 1.92+0.01 (66.2) 0.47+0.13(16.2)
Fish frame Conger eel 96.7+0.1 0.23+0.19(7.0) 2.24+0.04 (67.9) 0.49+0.02 (14.8)
Chum salmon 96.7x0.1 0.37£0.21 (11.2) 2.43+0.05(73.6) 0.21x0.17 (6.4)
Spanish mackerel 96.7+0.1 0.32£0.20 (9.7) 2.46+0.03 (74.5) 0.42+0.1512.7)
Armored weasel-fish 95.7+0.0 0.13+0.12(3.0) 3.57£0.00 (83.0) 0.27+0.06 (6.3)
Bone Cattle 97.9+0.3 0.14+0.03 (6.7) 0.96-0.01 (45.7) 0.71£0.04 (33.8)

UFish frame was added into 12 times (v/w) of water to raw material and extracted for 6 hrs at 100°C before making up 25%

of added water.
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60.5~228.8 mg/100 mL WY E, &5 AF FEE9 354
mg/100 mLel| B]stel = AR Fohr}. 0|9 e
w2} 3-8 wj7re} F}All} apatitite®] T4 W&ol 9lel 2
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Table 5. Extractive-nitrogen (Ex-N) contents and sensory data of extracts” from fish frames and cattle bone

Ex-N Sensory evaluation
Extracts (mg/100 mL) Odor Taste
Skipjack tuna 782412 50+0.0% 5.0+0.0
Yellowfin tuna 60515 53+1.2° 3.8+09°
Bluefin tuna 107.0+2.1 55+19% 61%+12®
Fish Frame Conger eel 119.6+09 55+1.4% 63+06™
Chum salmon 219.4+89 6715 72+08°
Spanish mackerel 1748+17 45%0.8% 6.8+0.4°
Armored weasel-fish 228.8+29 3.0+09° 7.0+0.9°
Bone Cattle 35.4+2.1 7.0+0.8° 6.8+05

DFish frame was 0added into 12 times (v/w) of water to raw material and extracted for 6 hrs at 100°C before making up 25%
of added water. “Means within each columns followed by the same letter are not significantly different (p<0.05).

°](20) wjFole} #Heb= 2 c}. Fish frame 2% 749] 9~
2 A ek Fav)r] frame 28] 2288 mg/100 mL
2 7M8 37, 5o 2 o] frame 5 %(2194 mg/100
mL), A* frame & %(174.8 mg/100 mL), ¥4 frame
FZEE(1196 mg/100 mL), Fctze] frame $&E(107.0
mg/100 mL) ¢ Folglen, o]E niste] riviste]
frame 2 E(78.2 mg/100 mL) % 3tlsdo] frame &5
(60.5 mg/100 mL)o] &<d3] I3k}, o)} Zo] sjriate]
frame &% ¥ v} frame 35 Fo] UwA 5%9)
o5 frame FEE || B3l AAF A% Fefo] & AL
7hehege] frame 2% U #Fv}¥to] frame 5559 2S¢
T2 AZXE st A5AT AL AR AHE-s17)
dEolgt #t= ek 7% fish frame &% & 7jclg)o]
frame F2 5% vAU 2 2ol digt 71E4e 5828 3}
i, YA fish frame FEE 5 thstd A5HAE A A
& A3 JA ol dsled e 5% FoeFolA Friele] frame

(o]
i
[=]

o

o A% $asichn ALk B % A5 5% F915
FollA grtate] frame $559) A% doslgon, A
#Zol frame 5 F ¥ ¥4 frame FEEF 4§ Folr}
QA=A ekgron], 7ek do] frame F%F, A3 frame
F2E 2 H2v7] frame F2F9 A5 s g5
Hodch 34, 8 AbE FEE2 0"} gt gle] 5%
folazold $5eichn Brhsg e, dof frame 35
o wsled e Atol7t ¢igich

o1442] 7% fish frame 2E¢] Wb, o 2% Ao
R 2 gt i@ A5 AL AFHR v Fo] Bl fish
frame #3%% AZzal] 8 A4 2AZE Al frame.
2 BaEde

Table 6. Total amino acid contents of extracts” from fish frames and cattle bone

Extract of fish frame (mg/100 mL)

Extracts of

Amino

: Skipjack Yellowfin Bluedfi nish Armored cattle bone
acid tl?rlla etuona lgfr?a § COenegler Chum salmon nslggkerel weasel-fish (mg/100 mL)
Asp 107.2 (6.9)2) 64.3 (6.5) 136.4 (7.3) 149.7 (7.3) 157.4 (7.2) 169.2 (7.1) 242.8 (7.0) 83.7 (8.3)
Thr 56.6 (3.6) 36.0 (3.6) 65.0 (35) 81.9 (4.0) 61.1 (2.8) 73.1 (3.0) 1145 (3.3) 345 (3.2)
Ser 66.2 (4.3) 449 (4.5) 75.1 (4.0) 92.8 (4.5) 101.3 (4.6) 93.0 (3.9) 226.4 (6.5) 40.8 (3.8)
Glu 186.2 (12.0) 113.2 (11.4) 2243 (12.1) 247.3 (12.1) 338.0 (15.4) 327.2 (13.6) 4396 (126) 179.0 (16.8)
Pro 170.3 (11.0) 1224 (12.4) 189.1 (10.2) 214.8 (10.5) 318.2 (14.5) 233.8 (9.8) 4064 (11.6) 1324 (12.4)
Gly 2458 (15.8) 180.1 (18.2) 259.0 (13.9) 2195 (10.7) 353.0 (16.1) 485.6 (20.2) 649.1 (186) 181.0 (17.0)
Ala 158.1 (10.2) 1131 (11.4) 194.8 (10.5) 188.8 (9.2) 224.6 (10.2) 276.0 (11.5) 382.8 (11.0) 93.5 (9.2)
Cys 25.3 (1.6) 104 (1.1) 6.1 (0.3) - 16.1 (0.7) 285 (1.2) 387 (1.1) 183 (1.7
Val 40.8 (2.6) 31.4 (3.2) 53.8 (2.9) 78.3 (3.8) 51.1 (2.3) 70.2 (2.9) 104.2 (3.0) 334 (3.1)
Met 329 (2.1) 21.2 (2.1) 37.1 (2.0) 135.9 (6.6) 51.3 (2.3) 50.0 (2.1) 77.8 (2.2) 20.0 (1.9)
Ile 26.2 (1.7) 16.7 (91.7) 320 (1.7 141.3 (6.9) 34.6 (1.6) 439 (1.8) 50.3 (1.4) 177 (1.7)
Leu 62.8 (4.0) 37.1(3.8) 77.0 (4.1) 112.8 (5.5) 76.1 (3.5) 99.3 (4.1) 122.1 (35) 394 (3.7
Tyr 151 (1.0) 89 (0.9) 56.9 (3.1) 14.4 (0.7) 29.4 (1.3) 24.0 (1.0) 39.2 (1.1 -
Phe 36.9 (2.4) 276 (2.8) 457 (2.5) 62.6 (3.1) 51.9 (2.4) 60.3 (2.5) 93.8 (2.7) 314 (2.9)
His 126.7 (8.2) 31.9 (3.2) 133.8 (7.2) 446 (2.2) 22.8 (1.0) 419 (1.7 476 (1.4) 33.9 (3.2)
Lys 79.4 (5.1) 49.9 (5.0) 138.6 (7.5) 110.9 (5.4) 1184 (6.4) 121.9 (5.1) 1324 (3.8) 44.4 (4.2)
Arg 115.6 (7.4) 80.3 (8.1) 135.4 (7.3) 1485 (7.3) 186.7 (8.5) 200.1 (8.3) 322.1 (9.2) 735 (6.9)

Total 1,551.8 (100.0)

989.3 (100.0) 1,859.8 (100.0) 2,043.8 (100.0) 2,192.2 (100.0) 2,398.1 (100.0) 3,490.0 (100.0) 1067.1 (100.0)

UFish frame was added into 12 times (v/w) of distilled water to the raw material and extracted for 6 hrs at 100°C before making
up 25% of added water. ?The value in the parenthesis shows (g/100 mL of total amino acid).
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Table 7. Mineral contents of extracts from fish frames and cattle bone

Mineral (mg/100 mL)

E
Xtracts K Ca Mg p Fe
Skipjack tuna 39.1£04 173£18 6.0£0.0 257102 09+0.0
Yellowfin tuna 274104 154+2.1 3.0x0.0 96105 23100
Bluefin tuna 33705 11.2+22 53*+0.0 245104 09100
Fish frame Conger eel 26.7+£0.7 121+19 3.3x£0.0 249103 1.2+0.0
Chum salmon 46.3+1.0 180+28 2700 33.1x10 09+0.0
Spanish mackerel 45.4+04 173%£35 6.3x£0.0 420104 0.710.0
Armored weasel-fish 258*04 231£4.2 22+0.0 13.3£05 22+01
Bone Cattle 0.8+0.2 0.1£0.1 0.1£0.0 0.210.1 -

UFish frame was added into 12 times (v/w) of water to raw material and extracted for 6 hrs at 100°C before making up 25%

of added water.

Fish frame F&229 £ ofo|it

7% fish frame $EE7 £& A1Z 5529 & 0}‘1111—_
AHg #4138 A= Table 63 2} 729 fish frame &
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w oA fEfse FubAle ko] =z
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759 fish frame 58 4 8 A Z 3259 25 %

%, vl YES, o 4 BE 2438 A= Table 739
R} Fish frame %552 24 2 Q9 ke zb7 112~
231 mg/100 mL ¥$ = 96~420 mg/100 mL HAZ 93
4l fish frame®] Z(266~1161 g/100 g) ¥ 21(1.32~591
g/100 g)2] 3teke i3 288 27} 04~1.9% He 7
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% 9 o 61-&1:

=
]

& AT FEE
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o QA IR FF ANEA 7S AESC UA
dr1Ad 4ot 234 ko] B4 A3 Aodte] framed) o
o] frames A E7}g-AA 2 kA H$)o) ). Fish frame
FEEY £ EE A TR Zehldel it 74 fish
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