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We investigated the nutritional characteristics of the uncooked Skipjack tuna Katsuwonus pelamis frame (U-STF) as
a basic resource for preparing flavor-enriching concentrates. The bone rate based on the fish frame (FF) was 53.2%
in U-STF, thus lower than those of cooked skipjack tuna frame (C-STF), the uncooked salmon frame (U-SF), and
beef leg bone (BLB). The composition of FF had 48.6-58.0% moisture, 18.4-21.3% crude protein, 7.0-15.0% crude
lipid, and 12.8-22.1% ash. Compared to the proximate composition of BLB, that of FF was higher moisture and crude
protein but lower solids, crude lipids, and ash. The total amino acid contents of FF was 17.6-20.8 g/100 g, which
was higher than that of BLB. The levels of calcium and phosphorus of FF were 4.7-8.5 g/100 g and 2.4-4.2 g/100 g,
respectively, thus lower than those of BLB. The brix concentration of FF extract was 5.0-8.2°, being highest in U-
STF extracts, followed by extracts of U-SF and then extracts of C-STF. Our results indicate that U-STF is an optimal
resource for preparing flavor-enriching concentrates.

Key words: Fish frame, Skipjack tuna frame, Katsuwonus pelamis, Fish processing by-products, Flavor-enriching
concentrates

M E (Kim et al., 2016). S+, S-2|ufet AN S FA 2 Shs &
HIASE A Toke] WIvE Sef R Q1 AlAE| A T8 o]

AT AT ABLEASE A2 A 71 5A0 WA 5 o R2 Ak 3L, o] 2 9kl thatolRel dolz) of
A o] mejste] At Aapo] ol m gork ol B B /|2YE 9 xu] B2, 37, 2070 LR, 7R

& AHREO] AU HI-Y 50 TeA 22l wjo] A
< 79 3kl Qlth(Okada et al., 1988). o] & 2l5lo] ALolE
o] A2 sl= tEA R o] F- HIFW e} Z7HA7E 22 thgo]
FIeHel, sreke], wrkegol, Zrkgol 5), Aol o

o], RA /o] 5), thLR L 7140)R Sl A= n gt

A, EAZIAE, 280|253k 2L oke 241 EE] 4
A2 8- Qlch(Zhang et al., 2002; Cardinal et al., 2004).
ol B2Y, 8, AL, TAE 5 FIEES 1713
go] Aol wet ghels] chE AT, AA Y 374 5 e, WA,
Z35 3L o7 2 Y(fish frame, o] FS DA 2] 519
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= o 55 29 o] ejof WAk FEH 1HA R, o7
Zgo] Tk mhE|o] 912 (Park et al., 2010)0] 7}& Ei= H]
7kl A2 Apee] HARE R uhshc). cheolRet dlofa) of %
of AR Al HAMER) 3 79 27k} 4) doco-
sahexaenoic acid (DHA, 22:6n-3) (Jeong, 1993), St &, 14
Sol, otz A2, hal At 2 §-8 4R Byko] ohfet
48 @ 4 (Prasertsan and Prachumratana, 2008a; Nalinanon et
al, 2008) 50|, o} LAQlol T8, -4 LWL ),
SR, 477164 2d@E e B9 =4 )0l o TE
of glo] 243] S8 A9 S4F A H AR E 4 ek
olelgt Aol A chefolsel elolat o7l 71 Telztel o
TAREE = %1014 DHA (Jeong, 1993)=, 2] F-9of| A
4(MFDS, 2016)2, W&ol A -8 & 4~ (Prasertsan and Prach-
umratana, 2008b)E, o155 Z&| Yol A <4(Kim and Mendis,
2006), Z<+(Nagai et al., 2004), SHAE 52 £2|5}0] 0] 835
3191k ol 8- A= 1AL 9let. o]} o] chatols W glofa}
o1 50] 54713 RAFE o] vstol chFel §5 o 8- Al sk
§LoLE, o) Firketol g gkl ulhel Hel Zhche
o] Z|o] F-R o] &of TRt A= EE0]aL, 0] AEFEE
=43 7L 7)1 I AR v} gl

2 Atoll A= 7ieko] S Al Ao AR Sk
ul7}ed 2] ol 22 910} 1% o] 82 915 AR 7] % o7
2, Fehg a2 A b7t A 7ol Lol
o] & 7Fs/de F¥A 54L& Skl A EStA, oY 1 &
B 7FE A ko] 29| 9 87t AP dof 2l
ulwsto] 7T,

g0 2 ARESE & Aojx]= 7itketoi(Katsuwonus pela-
mis) 2| 92 FHUAAFARFAA] AR )l A v7+E
2l thgo] F21 7 Al oA 7ol 2|

APRAFG (AR A Aol A 7 )l A
19}, Aoi(Oncorhynchus kuta) | U2 9-FAHFA
| ARSHE Aol Al 20| EAE 7Hs Al Ao A= vz
o] AL YA, ARES GrER R E A 9UF
15F3ict. ofst Aol ARg-gt 2t A &= H|7FE 7Heheof
| 21 (uncooked skipjack tuna frame, U-STF), 7}8 7}c}edo]
| 2 (cooked skipjack tuna frame, C-STF), H|7}E ¢o]
@l (uncooked salmon frame, U-SF)©] 1, o] 2= Al-Z(beef
leg bone, BLB)o|2} A5} T}
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O] 7} B2 713 ok, 2121 T ol A 6417H) D 79t of 1}
(924 2 Toyo No. 2 AFg)sto] A z3}99Tt.

FEE9 1¥E 5+ hand held refractometer (2E, Atago,
Tapan)2 o} 5te] Z43Hsict.

OfF 2| Yut A2l i HlE, Hitdz H =21 oF

A

AA| Al gk S 2elgh & =g W 2
(%)= SHAT

UM o] 7 2|1 9] A9 mhaf Ze ] TS, 5
AR B FEEY AT AlRE 5to] AOAC (1995)
wof what =2-0] - AT rE A 2R, 2 A O] 7-9- semi-
micro Kjeldahl], ZA9F2] 79 SoxhletH o= =A3}411,
3o] A9 A g sh o = S s)Gl

bl $RS Kim and Park (2004)2] WS ok7F 4245}
of AAISHATE &, mhaf| o] F Ze E= AR oF 10 gof| 50
mLo] Y2 oA 9 ghestal, of 7o 108(w/iv)e] 0.5 M
EDTA-4Na 845 7Fsto] A24(5T)ollA 595t ik
7Hg AL v wA)sho] 3]st ieh. B A 2] Al =l 200
(v/w)®] 0.1 N NaOHE 7}staz, 1947F witsto] Zepl o] 2]
o) oA AA 22 F 33] AT ol F Za| ) 9 AR
9] 2Fehl ke ] A 2] ZHARE semimicro Kjeldahl
H(AOAC, 1995)2.2 A4S BASH t}3, of7|o] HEA
(5.55)2 112j5}0] AlAFsHCHMariotti et al., 2008).
Trichloroacetic acid (TCA) 7t24 &A

TCA 7}/ A el A4S A M mes F=5=0 &
2] 20% TCAE 7}t th3 1557 vortexing A|7] 2 141
(9,300 g, 20 min)gt AFZH O 2 3H3ict TCA 7H-A4 Aae
semimicro KjeldahlI'}(AOAC, 1995)°.2 =435} T},

4 o

2713

F714 B8 ARE FADZ W AR 1 g Holo] Hze
£31-8-7] (teflon bomb, OD-98-100P, ODLAB, Korea)ol] {1,
of7]of| 714 £48 11k FARS 0]8-351o] Kim (2014)9]
Sus 248 AR 24 ol ek AAlsto] 2A8HT A
Aele Azl gt 271e) Bale A S ez A7)
[inductively coupled plasma spectrophotometer (ICP), Atom-
scan 25, Thermo Fisher Scientific Inc., USA]= A A| 3} % t)

Z0t0|= it

Foluieite] A g Azt WAR] 39 50 mge] 6 N
HCI2 mLE, 94FA] 2.9] 792 mLo| 2k2] @4t 219} 2 mL
£ 7lstkal, W5-5ko] heating block (HF-21, Yamato Scientific
Co., Ltd. Japan)of| A 7}=3-8ll(110C, 2441 7H)gt 3= glass filter
2 o3}, 74 55 4 sodium citrate buffer (pH 2.2)2 A&
sko] A|zsk3ih. oplieAte] BAE AA P A& o] AT
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ARgslo] o oAl 25 B4 A|(Biochrom 30, Biochrom Ltd.
England)2 A A|5}% T}

e =g

AAE 2409 B4 $J3E A=+ chloroform-methanol
S 2:1 (viv)2 =33t & Sl ARE-5}e] Bligh and Dyer
H(1959) 0= FEsto] ARGSHITE AAE 242 AOCSH
(1990)°l| wef A 25 AHAF vE ol 2~H 23let 2-of cap-
illary column (Supelcowax-10 fused silica wall-coated open
tubular column, 30 m X 0.25 mm I.d., Supelco Japan Ltd., To-
kyo)o]| A2 gas chromatography (GC, Shimadzu 14A; car-
rier gas, He; detecter, FID)E o]-&5}o] A5 XA &
A& 938 GC 242 injector ¥ detector (FID) =9 749 L
= 250C 2 3}, column =8} A|7H0] B2 230C 2 52
A7) TR 1587 A5 et Carrier gas+= He (1.0 kg/cm?)S
ARE519] o1 split ratio= 1:5020 & 3}lch B4 2 HpAL
2= 94K Applied Science Lab. Co., USA)Z}9] retention time
2 vlwatel 53tk
HioJE{2] SAIXzE|

o] o] £AA 2] ANOVA testS o]-g35fo] FHARRA 3t
< Duncan?] th5918A = 24592 HH(P<0.05)s
AlskSict

Zm g

[
i

7t 7ietero] Yl(ithEel s2 9 7R RARE), BI7HE
7hckgo] | A (S 7ol 7 AR, BIZHE ol
g A (EHEAE 7H AR 22 35:9] ofF Tt A}
= 159 W vlg, e 24 9 el 242 Table 13+
At} o F L9 35-9] W vl&-2 71 Ticheo] 2|9l A
- 57.4%, H|7FE 7heheko] el 9] Z9- 53.2%, H|7FE ¢l
22l - 28.6%=, thR-2 AR 81.3%¢f| Blsto] &
A kot o|ef Zro] ofF |3t AlE Tt W v]go] ThE
AL 7H8 5 olF e A9 e A § o2 9l
o] gksto] ARZ o] 749 7He & 52 A o] "efsto] Ajol-g-st
7] wjZolet TtE it i, o Y Fhelle w vlE
of| Zfo] 7k 1=t o= 7HE A%t &2 AH (S = E
Aelgh £), 7FeAe] sk, ol 7ol 27|, Bk, £ 7H4, 4l
Aw 9 29 7] Foll Zol7t Q7] whiZolt}. of 7 |9
I AREO] YRR TR 4Eo] ZH7) 48.6-58.0% WY 2
11.9%, Zcha A o] 27k 18.4-21.3% <] 9 12.1%, ZA|HHo]
747} 7.0-15.0% 9] 9 35.8%, 3]5-0] 247} 12.8-22.1% 9]
4 39.2%=, ofF ZH|Q)o] YR Tregol Ao e
Shegol| vlsto] R} 2t A o] A9 =9ky, &, ZAW

jud

[eX

3]20] 7 wol Afo] 7} QISITh. 3, o] ¢l o 3]E
Ut AbEo] Bl (2% ©13t) (Park et al., 1995)°]]
H]sko] 28] ==, o= o 7 & -9 ZeHle] calcium
hydroxyapatite, Ca, (PO,) (OH),2] Fej & 57| 2 o] 2}s}o]
Q17| wj&o]|tH(Kim and Mendis, 2006).

QHH, o Z|¢ 35 71 - o 2 I E S 7 A
2] AR(H Fhctetol elel)h 242t 48.6% 2 22.1%, W]
ZbeRe] A R(HI71 Fiekarol saele] A% 247} 58.0% 9
12.8%, H|7}E olo] Zeele] A4S 77k 52.9% 2 13.4%)0]
wlste] 320] 49 Wok, slate] A9 . olet o) 7}
AP A&7} B|7FEA 2 Al H]gto] -Eo] & A1 of
7 Ze| Yol e o] Slis 59 Hlgo] WO WA, A7
Eo] Sl 259 A9 T o] IR ofste] o
2] %] 917] wlZolg} #hehE| 9l 1(Zhang et al., 2002), 3]0
< AL wW o] &3 vlgo] 7| wzolet e it of
2| 1 o] ekl Sk A 3] 2 1(21.3%)°] 7P =
o0 2 714 7hokago] ]91(19.9%) W v 7k o] g
(18.4%) -9 =olglom, =AY Fhafs ek oheko] 7
Fb= g v7hE o] ZE|9)o] 15.0%= 7H =9k, o
o= 7k 7ol 2 (9.3%) W H7HE 7ol L ¢l
(7.0%) 5&] ol ek whebA, of 7 Ze| Y o) A ghgat =
T FHFE A Y] SR IS S e s A2 8
B Th= ofF AA| 9] o] F AJ=9] 2/l ot FgFo] At
Tt QI o] 4ol ARt Fhefoll thgt Axt= w|Fof Kot
o5 e Qlo] Alzoll Blshe] Tl of Bheke =okar, F]E
S Waken, 359 of i Za|d thofl o3t ARk Bt

o Fheierol maj glof A 714 e eRdeh.
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Table 1. Yield, proximate and collagen compositions of fish frames
and beef leg bone

(g/100g)
) ) Beef leg Fish frame'
Experimental item
bone  C.STF  U-STF  U-SF
Yield? 81.3+1.23 57.4+1.4> 53.2+2.0° 28.6+3.7¢
Moisture 11.9+0.9° 48.6+1.9° 58.0+3.2¢ 52.942.7°
Crude a .
Proximate protein 12.1+0.12 19.9+0.1¢ 21.3+0.1° 18.4+0.1°
composi-
tion %i‘éde 35841.6° 9.3+3.0° 7.0¢2.1° 15.042.6°
Ash 39.243.2¢ 22.1+1.7° 12.8+0.2° 13.4+0.4°
Collagen 25.6£0.22 16.7+0.2° 15.10.2° 9.8+0.2¢

!C-STF, Cooked skipjack tuna frame; U-STF, Uncooked skipjack
tuna frame; U-SF, Uncooked salmon frame. *Yield (%)=(Bone
weight after separating muscle/Weight of frame sampled immedi-
ately after processing)x100. *Data with the different superscripts in
the rows are significantly different at P<0.05.
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offF o) Fehdl 2442 9.8-16.7% W=, AREo| Zeh
A 24420 25.620.2% 1ol Blste] Holkth. dutaos 4
TolRel HERS G84 TUU(60-75%)7 484 B
(20-35%)0] Hlsto] Zehrlo] meHEl B84 halzo] 2-5%
2, I F3u)7F o Yk e, we tf o] Zebalat
calcium hydroxyapatites 2 sj= F7| A2 o]Fo]A] 1L,
o]9] Hl&-Z ofA| 9] Z7]of wheh e, o A7 A EEHl
Shefo) whar, 21714 gheFo| 2 th(Kim et al., 2002). 3+, o} 7
2| 350 FeHll 24 7 Tkl Ze|9de] 16.7%
2 7P =81, thE o2 H7kE ko] 2 9(15.1%)
718 AAof 2 9)(9.8%) 2] =] itk olef o] Zehle] =
Ao] Akt o) A 71, 18] 3 o] T QS 2ho] Aol 7
R19H AL U2 LS k9] o] o] 2ol 28,0] E3 ]
£ xjo] 2ol gick.

oF el 3¢ rhrhage] Zalg), ulhe srtapel =
@19) R o7k o] el )k (A2 FololteAt
SO Table 29} 2tk o}f ZallQ) 350] ouliedt EFke
17.6-20.8 g/100 g HAZE, AFZS] 11.6 g/100 gofl v]s}o] oF
52-79% WSIolA] ST olof o] ofuliAte] Fakaro] A}
=of| vJste] of 7 o] FFoll TAIYlO] HF =

%
o7
5 a|9)9) 5 Take] 2%0] BAfste] gL, Eat wol

. /\é/R}—O . 3o

i)

<~ <
J‘r : Z:];ﬂ'r

=0l vlste] ZepAll ko] wWol ghi-E o] §l7] wzolzt et
=] IHKim etal., 2002). 3HH, o7 Z& Y 35 7+ Fotu]
Ab S AR 9] ZE}do] 20.8 g/100 go.= 7H =9k, o
SO &2 7k 7hrkeo] 2HQ1(18.5 g/100 g) H H7FY Aof =
#19U(17.6 /100 g) 5] %0]%Iek. ol ol 2 353 1
2:70) .8 of|1eAH9% o4 7l Flrieto] Teele) 7
2 glutamic acid (10.0%), glycine (12.8%)3} Z-2 23, v|7}
o shchato] Ze9le] A9 glutamic acid (13.5%), histidine
(10.6%), lysine (10.6%)¥} 22 3%, 1744 o] <] 74
2 glutamic acid (13.0%), glycine (9.8%), lysine (9.8%)%} &
& 3F2 2 Aoz ARl o]ef o] ofF T 7 Al 1hat
o Ze| Y& Tl 78 oAt 72 Alol= YR F,
450 S v, S F5F 9 I ol o3 Apo
ool HetE e}, dutA o7 F4H w7l e IRE
4] © 2 o] uhet lysineT} threonine} -2 357 Al ghotn| =
Ato] HZ517] 42 710 2 A A Qlch(Kangetal., 2014). Ly-
sineZ} threonine -2 o] & g o] 2+2+1.4-2.2 g/100 g H
99 0.7-1.0g/100 g W12, BR= B 20| 1, AHEo| 2t7H0.6
¢/100 g % 0.3 ¢/100 goi] B]akol = A =0} oju] 7} 9J3iL.
olf Le9) 3HCHA Ffeigel A9, w7k sekge] =
o9 % uske ol ezt ABY| T4, <L, BF L okl

Table 2. Total amino acid content (g/100 g) of various fish frames and beef leg bone

. . Fish frame'
Amino acid Beef leg bone
C-STF U-STF U-SF

Aspartic acid 0.6 (5.3)° 1.2 (6.3) 1.6 (7.5) 1.3(7.4)
Threonine? 0.3(2.5) 0.7 (4.0) 1.0 (4.8) 0.8 (4.3)
Serine 0.4 (3.4) 0.7 (4.0) 0.9 (4.1) 0.8 (4.3)
Glutamic acid 1.3 (11.1) 1.9 (10.0) 2.8 (13.5) 2.3(13.0)
Proline 1.6 (14.0) 1.6 (8.7) 1.1 (5.5) 1.0 (5.9)
Glycine 2.7 (23.1) 24 (12.8) 1.6 (7.5) 1.7 (9.8)
Alanine 1.2 (10.1) 1.6 (8.7) 1.5(7.4) 1.3(7.4)
Cysteine Trace 0.1(0.7) 0.1 (0.6) 0.1 (0.6)
Valine? 0.3(2.5) 0.9 (4.8) 1.1(5.5) 0.9 (5.0)
Methionine? 0.1(1.0) 0.5(2.9) 0.6 (3.0) 0.5 (3.0)
Isoleucine? 0.4 (3.8) 1.1 (6.0) 0.2 (0.8) 1.2 (7.0)
Leucine? 0.3 (2.5) 0.3(1.5) 0.5(2.3) 0.4 (2.1)
Tyrosine Trace Trace 0.4 (1.8) 0.2 (1.4)
Phenylalanine? 0.6 (5.3) 1.3(7.2) 1.7 (8.1) 1.4 (7.9)
Histidine 0.2(1.9) 1.6 (8.7) 2.2 (10.6) 0.8 (4.6)
Lysine? 0.6(5.3) 1.4 (7.4) 2.2(10.6) 1.7 (9.8)
Arginine 1.0 (8.4) 1.2 (6.3) 1.3 (6.4) 1.2 (6.6)
Total 11.6 (100.2) 18.5 (100.0)* 20.8 (100.0) 17.6 (100.1)

IC-STF, Cooked skipjack tuna frame; U-STF, Uncooked skipjack tuna frame; U-SF, Uncooked salmon frame. 2Essential amino acid. *The

values in parenthesis indicate each amino acid % to total amino acid.
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Yl v HES A3 Table 33 2t} ofF =Y 3%
o] 7|4 FFko Z<50] 4.7-8.5 g/100 g W9, 2lo] 2.4-4.2
/100 g W< U up7d]%0] 106-171 mg/100 g HY= AL
(E+9] 45 14.8 g/100 g, 12| 49 7.7 g/100 g, 2] 745
289 mg/100 g)°il ulste] HA WEofeh. 53], At 19| ek
o] AR 8] A7t ol e ol vlsto] BRI =3k, o] = A
=9 - Fr1do] Zepl Rt oheF ShpE o] 917 wiolat
AZHE T (Kim et al., 2002). Lo, o) 7 2|9 35 2 o
22 413-945 mg/100 g W=, AFF] 714(83 mg/100 g)°]
ulste] HA =94t o 2H|¢) 35 714 T Ao
785718 ZhehEo] Ze¢de] 8.5 g/100 g = 7H = qkat, tf
2 H|7HE Zhekedo] |9, HI7bE o] Za o =olHd
o] 7% 714 7hrtego] 2| 9lo] 4.2 ¢/100 g0 & 7 =
H71d o] e ¢, v]71E 7hehego] 2|9l ¢

o

o
1o

%jﬂ
o &
R lo
(N

rlo
e |

A Za o] 170.7 mg/100 g & 71 9kal, the

u]7}ed lo] :a|Q) B )7}l sekero] magle) o)
A W eE o =2 EASHHA AA A A7), Al
f40] F4sio] ofat 280 5% 9 o|gh, 4170 FE}
=g, @R S W oy 7RR] A E A Agk] oo
033} 32(Chun and Han, 2000), £3}, 9-2|Ua}E QA5 5
G Ao g™ oA HZE7]| 92 Y2 (The Korean Nutri-
tion Society, 2010)= L&A glom, Q12 w, Pl Qx| 2w}
DNA, RNA &-9] &4k} nucleotide 5-0f] EZE]o] QIO HA],
AA A A7), AA 2 o | 2] A 2, WA A, 4471
o] g A= AFaTtol| o3t A pH 4] 53 o]
- 23t e 7] 5S HEekal ot A9 s Aol A
geFo] HrEof qlol Ao 27h A2 dga= dHA 9l
TH(The Korean Nutrition Society, 2010). d8H4 .2 -2jiLe}
19-49] k9] 20453 Q1of Tl Qo 417 AL 242750
mg % 700 mg 2.2 &4 1 tHThe Korean Nutrition Society,
2010). 252 o] LA Woll 2AsHAA AR 2
pHE) 27, 417 89 FHA $4, 1 59 HEF ol& v}
Ao Fagt oghS kil g A §laL(Kim et al., 2006), T}

2oyE o o o Hu 30 KI o

Tl ), Azl 9l Qo] =8 EASHA 250 71
2 o]¢h, 5712 9 F7] A oA hARRE, A4x0] B3t
o 71ttt A A QIth(Yoshimura et al., 1991). W4
= euhet 19-49A4) G212 Zgofl thgh Y LA FHH3E
A= o] QUA] Gk, mird ol thet A A EEEE
350 mg HHZE &4 QIckThe Korean Nutrition Society,
2010). o]={3k dHfA olF ZH s FrPiAE 2rjg 5
SUO T AREShE A5 v d 919 =] 7IHH
olF Zald 3F(7HE Thoko] Ze 9, HIZkE Tioke] =
gl D HI7FE Aof Ze| o) Al 1SR R 253 T
21 0] |HFAL 2408 Table 49} 7tk A HMARS o] 7 9] 3%
9] 7% 3pilo] 6%, i ddlAt 4, 1]l Eef Al 14-18%
O F24-28%0] o], Rl AREo 215(23H4E 5
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Table 3. Mineral contents (mg/100g) of various fish frames and beef leg bone

) Fish frame’
Mineral Beef leg bone
C-STF U-STF U-SF
Ca 14,815.6+43.0% 8,489.0+90.8° 4,944 5+65.3° 4,743.2+58.22
P 7,697.9£162.2¢ 4,232.4136.0° 2,434.746.92 2,831.0£48.6°
K 83.2+1.5 477.314.4¢ 413.5+4.6° 945.3+10.4¢
Mg 289.045.34 170.7+1.0° 106.410.22 148.9%1.7°

IC-STF, Cooked skipjack tuna frame; U-STF, Uncooked skipjack tuna frame; U-SF, Uncooked salmon frame. *Data with the different su-

perscripts in the rows are significantly different at P<0.05.
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Table 4. Fatty acid composition (area %) of total lipid from various frames and beef leg bone

Fatty acid Bgef leg Fish frame' Fatty acid Beef leg Fish frame

one C-STF U-STF U-SF bone C-STF U-STF U-SF
14:0 2.0 5.8 28 25 18:2n-4 0.6 0.3 0.1 0.3
15:0 0.9 1.8 1.1 1.6 18:2n-5 0.5 0.2 55 0.1
16:0 26.4 248 219 11.8 18:2n-6 1.9 1.3 1.1 18.8
17:0 ND' 27 1.8 0.2 18:3n-3 0.5 0.6 0.4 4.1
18:0 18.0 7.1 7.6 3.6 18:3n-4 0.2 0.5 0.4 0.3
20:0 0.2 0.5 0.5 0.2 18:4n-3 0.8 ND ND 0.7
Saturates 47.4 42.7 35.8 19.8 20:3n-3 0.1 0.3 0.1 0.4
16:1n-7 2.3 8.3 4.4 4.0 20:4n-6 0.1 1.3 2.1 0.4
18:1n-5 48 37 2.7 2.7 20:4n-3 0.1 0.2 0.4 0.4
18:1n-9 395 21.6 17.5 36.0 20:5n-3 ND 2.2 38 34
20:1n-9 0.2 1.4 1.5 1.3 21:5n-3 ND 0.2 ND 0.2
Monoenes 46.8 35.0 26.1 44.0 22:4n-6 ND 1.2 ND 0.1
16:2n-4 1.9 2.0 1.4 04 22:5n-3 ND 0.4 1.4 1.8
16:3n-4 0.7 1.2 0.9 0.5 22:6n-3 ND 12.2 21.8 4.1
16:4n-1 ND ND ND 0.6 Polyenes 5.8 22.3 38.2 36.1
16:4n-3 0.1 0.2 0.1 0.1

!C-STF, Cooked skipjack tuna frame; U-STF, Uncooked skipjack tuna frame; U-SF, Uncooked salmon frame. >ND, Not detected.
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Table 5. Contents of trichloroacetic acid (TCA)-soluble nitrogens
in extracts from various frames and beef leg bone

Nitrogen (g)/total vol. of extracts

Extracts source

Total (A)  TCA-soluble (B)
Beef leg bone 15.7 5.6 0.36
C-STF 9.2 6.3 0.69
Fish frame' U-STF 15.5 7.6 0.49
U-SF 13.7 6.7 0.49

'C-STF, Cooked skipjack tuna frame; U-STF, Uncooked skipjack
tuna frame; U-SF, Uncooked salmon frame.

Brix (°) (o)

0 3 6 9 12 15
BLB' | 5.0%
80.9

(0]
e
S U-SF? 8.2¢
2 46.7
)
® U-STF
=
w

C-STF

80 100

Nitrogen recovery ratio (%) (m)

Fig. 1. Brix and nitrogen recovery rate of extracts from various
frames and beef leg bone. 'Control, beef leg bone. 2C-STF, Cooked
skipjack tuna frame; U-STF, Uncooked skipjack tuna frame; U-SF,
Uncooked salmon frame. *Data with the different superscripts in
the column are significantly different at P<0.05.
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