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Evaluation of Safety and Nutritional Quality Characteristics of Raw and
Steamed By-products Produced During Canned Tuna Katsuwonus pelamis
Processing

Suk Kyung Sohn, Hyo Rim Lee, Jong Bong Lee, Ga Yeon Kwon, Min Jae Kim, Myeong Joo Lee,
Hyeong Jun Kim, Ha Eun Park, Hak Sun Kim' and Kil Bo Shim*

Department of Food Science and Technology, Pukyong National University, Busan 48513, Republic of Korea
'Dongwon F&B, Changwon 51407, Republic of Korea

This study assessed the yield, nutrient composition, and safety of raw and steamed by-products from canned tuna
Katsuwonus pelamis processing to determine their potential as value-added materials. The by-products, expressed
as percentages of total weight, included raw viscera (7.9%), steamed heads (18.5%), steamed tails (2.4%), steamed
bones (1.2%), and steamed dark muscle (9.7%). The levels of volatile basic nitrogen, histamine, and heavy metals re-
mained below the spoilage and safety thresholds. Steamed dark muscle contained the highest protein (26.75 g/100 g),
while the amino acid content ranged from 13.41 to 24.96 g/100 g. Lipid concentration peaked in the mixed steamed
fraction (9.95 g/100 g). The eicosapentaenoic acid and docosahexaenoic acid contents varied between 48.45-117.81
mg/100 g and 334.22—1,048.00 mg/100 g, respectively, with steamed heads showing the highest values. Steamed
tails and bones exhibited the highest ash content (15.31 g/100 g), predominantly composed of calcium (78,083.0 mg/
kg). These findings demonstrate that proteins, lipids, and minerals, are unevenly distributed among tuna by-products,
underscoring their potential for developing functional food ingredients.

Keywords: By-products, Nutritional characteristics, Mineral, Protein, Skipjack tuna

N B T 7tehdols A gkl Wi Wil ol w2 WAF F
st defAf glow g dRE HEFIL vk HA| 55
A AAR 02 =4k Bl 4t of Frkgel wheh AF P Fed, A, AN 9, U, A 5 $HS

9 AR o

FARE SRS A A|&52 02 F71skaL 9o m (Naseem et off Al Efm WA S-S FUAR R 28

al., 2024), =tHjoll A= A% oF S07FEC] HiEE = Aor 5 et al, 2024). FxH2 A= 1 F A9 WA, W, 1e,
ZJEIth(Ahn et al., 2024). F2]= A A|AH 2 71 gol 4 o, @S TY FakEo] HASHA HH Ao ]
HE|T Qe o] 32 = shta okelA 9lon), shtkol(Kat 50-70%7} 3=l th(Garofalo et al., 2023). o] 2|3t 2kx] FAak

suwonus pelamis), ‘&7 ctgo|( Thunnus alalunga), 3}tlegof
(Thunnus albacares), =Ct}=o}(Thunnus obesus), ZFt}edo]
(Thunnus thynnus) 50| 529 7} 4 317 Y82 A5
a1 lom F2 g oAl o & Hth(Garofalo et al., 2023). 71

52 2 71x)7) dol o F E= HleEE AlR 5 AR}
A2 gEAY W We vteefotet A QIgh F4 A
ot oz Qlgf #Hr| A H L glon o= ndE F4, A5t
SHEkS, A 3 Ha 5 oA Yo o]ojx|aL glrk

o

*Corresponding author: Tel: +82.51.629. 5834 Fax: +82.51.629. 5824
E-mail address: kbshim@pknu.ac.kr
@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial License
S (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2026 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2026.0001

Korean J Fish Aquat Sci 59(1), 1-11, February 2026

Received 20 November 2025; Revised 7 January 2026; Accepted 22 January 2026

AR A9 47 (HSHA), ol EH (THErA, ol F R (Thahua), Wb

LAY, ARACHSIAA), ol HA(oHA), UFZ(her A, wake)
A

)
SHIAY), AR, AR

pISSN:0374-8111, elSSN:2287-8815



2 &7 - ol

=

(Herpandi et al., 2011; Yi-Li et al., 2025). 18U FA & 22
3 ol kol T W elol=, A, v, A
o] &5lol glo] WA 2424 7HA7) slekm el
QIth(Nirmal et al., 2022). b o] FRAMES av}&| o &2 3
F3b7] Sl RAHEO| oJoRta BAE Este] okt
2 Hoks A ShE Alo] Sa sttt of FRARE S| = FUA
Q1 TS o] -89 Aot w71 9] w] &, W, =], T5
ofl A At gl ZebAl, |4l &8 2elle FE5te] 54
H H} Q1TH(Abbas et al., 2022). E3F o} A A 71 E8l1 &

besalzo] Tl 52 27] 2Est] /)5

of ok

oA AAE YRE A BX 35 7|&S ARl o5 2
Z319. 0 M (Aitta et al., 2021), 280} 2% 7|%S AME5}o]
Zhckeol o] W, e, welof|lA o] f-& F=E3FItK(Cifici and
Cavdar, 2025). 71 @]ofli= 2] 5 o83 AdlE e
UAF 7 (Jiang et al., 2022), v]y|E2- 0|3t Blo] @ Z 4
A S8 5 ohget A7F A 44 0 2 ZeYE| 1 glk(Benjakul
etal., 2018).
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AY FAREQ WA Absy FARERl we], 11e], S, Sk
| SRARR(H ], 11e], S, @& A RE ARSSHI T
P71 RAME S (95 UF&B A-Y-3%H(Changwon, Korea)
ol A 2025 7ol Fitol ARgSEl e n A2t Al 871
of a27%sto] 4°ColstE [-A|sHHA] 2417t oo ARFA R o]
Fokolch. FoE A7 RARES 24171(HMF-3500TG;
Hanil Electric Co., Ltd., Seoul, Korea)= Z#]2] & A& of A}
8517] A7HA] -20°Coll A Bttt
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vel, mel, FT, Wek8o] B 27 S o] F 4|

. o]%_% . ﬂﬂ?ﬂ WA - o

of

o7|EA B
HEA 7] 2 4 FHES conway unit: AFE-GH= ] eFEhAbY
Shim et al. (2021)°.2 ZA3}3Ith A& 10 goll 10% trichlo-
roacetic acid (Junsei Chemical Co. Ltd., Tokyo, Japan)E &
ATt F stk o] % 12,000 goll A 15 59k HAE
2](Supra R22; Hanil Scientific Inc., Gimpo, Korea)gt & 50
ml7l HEE ges A dRgelos Agstatt ol
conway unit 2|10 A 8- 1 mLe} K,CO, (Samchun Pure
Chemical Co., Ltd, Seoul, Korea) Z3}-8-2 1 mLE Yl WAl
ofli= 0.01 N H,SO, (Daejung Chemicals & Metals Co., Ltd.,
Siheung, Korea) 1 mLE #5-3F 7| 4] &1} K, CO, (Sam-
chun Pure Chemical Co., Ltd) 32318208 S35} ¢} A S22
37°CAl A 2417 59t BE3-A17] 5 Brunswick (0.07% methyl
red, 0.03% methylene blue)< 10 uL 371k 0.01 N NaOH
(Daejung Chemicals & Metals Co., Ltd.) -2 2 A3}4]
o}
HiO| 2ol Btk

o] @ Ay oyl $Hk2 Shim et al. (2021)0]4] AFH HHY
of wet 45kt AR 5 gofl 0.1 N HCI (Dagjung Chemi-
cals & Metals Co., Ltd.) £33t & #3351} 0] 4,500
2ol A 158 52t 4152 (Supra R22; Hanil Scientific Inc.)
3% 50 mL7} H= 5 83 A A S o= ARSI

58N E= A €4 1 mLE 15 mL FEo| 253 F
W #=4(1,7-diaminoheptane) 0.1 mL, K,CO, (Samchun
Pure Chemical Co., Ltd) 22311 0.5 mL, 1% dansyl chlo-
ride (Sigma-Aldrich Co., Saint-Louis, MO, USA) in acetone
(Sigma-Aldrich Co.)&% 1 mLE &3tslo] 45°CojlA] 24|7F
ot g=A3lstsdet oS 0.5 mLe] 10% proline (Sigma-
Aldrich Co.)8-1} 5 mL9] ether (Sigma-Aldrich Co.)E 7}
Sk, 3045 ¢ AE A 2ekgick 45HE 15 mL FHo| &
2]t 7 A4~ (Hurricane-lite; Chongmin Tech, Seoul, Korea)
53t Ao acetonitrile (Harvey, Muskegon, MI, USA) 1 mL
£ 74t o]% gk A7) 3 0.45 um PTFE-D membrane
filter (Whatman, Piscataway, NJ, USA)Z o]1}5}0] A| & &Y
o2 ALgETh

HE42 high performance liquid chromatography (HPLC;
Agilent 1260 infinity; Agilent Technologies Inc., Santa Clara,
CA, USA)Z EA3514t}. 22 CAPCELL PAK-C18 (4.6
mm X 250 mm X 5 um; Osaka Soda Co., Ltd., Osaka, Japan)
£ AMESle] SH¢) acetonitrile (Harvey)2 0] 542 AF
L34t 452 1.0 mL/min, &%= 40.0C, H& o2
254 nmo| gt} Hio] @ A Y olHl-& 9% (tryptamine, phenethyl-
amine, putrescine, cadaverine, histamine, serotonin, tyramine,
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spermidine and spermine) 4]0l Z43sick. 952 o]
Sigma-Aldrich Co.o|A] G- 3} ATt

F4 U A2 BANRRAE BAA% AR 03 g
£ 100 mL €| Z& 4o wpo] A2} Haf| §7]of FgslL,
nitric acid (65%; Suprapur®; Sigma-Aldrich Co.) 10 mL&
718t 1 o2 Microwave AH](MARS-6; CEM Corp.,
Matthews, NC, USA)E o|-&35}4{ 1,800 W, 190°C, 100% =4
oA &35ttt ©]% inductively coupled plasma (ICP-MS
NexION 300D; PerkinElmer Inc., Shel-ton, CT, USA)E AF
&5to] As, Cd, Pb 359] o2 E4513t ojd &4
2 Multi element calibration standard 3 (PerkinElmer Inc.,
Waltham, MA, USA)E Al8-5}% T}

Z 5L 3kl 719 7| 3lFod 7 (combustion gold amal-
gamation method)S ©]-8-8F mercury analyze (DMA-80 Tri
Cell; Milestone Stl, Sorisole, Italy)E Al8-slo] ARE AH
SAsHAh 2 FEEH2 =2 Y2 Mercury Stan-
dard (PerkinElmer Inc.) 5 pg/mLE ARS8l S742 545}
SREEEES

dahl A#](Kjelflex k-360; Buchi Ltd., St. Gallen, Switzerland)
£ ol-gsto] A8t oAl oF 412 Jeong et al.
(2024)fl A g el wheh S48kt AR 200 mg 6
N HCI (Dagjung Chemicals & Metals Co., Ltd.)Z 24|17} &5
oL 110°CollA] 7}E-aligl & A]7-8-91-2- glass filter (porosity:
10-16 pm)Z oJ1}stal AF ¥U4l5=7](Hei-VAP Core Ro-
tory Evaporator; Heidolph Instruments GmbH & Co., Bavar-
ia, Germany)2 60°Col| A 714} 55319t o] % s55S pH
2.29] LA AF &l (Biochorm Ltd., Cambridge, UK)S &3+
5o] 50 mLE 48 AL AR AEs}o] ofu it B4
(30+ Amino Acid Analyzer; Biochrom)& 44 3}%t}.
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[72)

Z A2 Yoon et al. (2023)9]] w}2} Soxhlet 24| (ST 243 sox-
tec; FOSS Co. Ltd., Hilleroed, Denmark)<- ©|-8-5}0{ &
ek AHAR Jeong et al. (2024)] whet 2| A& &3 &
A519leh 2 AL chloroform-methanol (2:1, v/v) E3tHS 3=
= 8= F=E3loh AR S R EEEAE glyceryl tri-
undecanoate (98%; Sigma-Aldrich Co.) 1 mLE chloroform
(Sigma-Aldrich Co.)of| =9 10 mL7} Y =% 3}ic). A|WAF
ko SP™ 2560 FUSED SILICA capil-lary column (100
mx0.25 mm, 0.2 um; Supelco Inc., Belle-fonte, PA, USA)
S A2kt Gas Chromatography (Shimadzu 17A; Shimadzu
Seisakusho CO., Ltd, Kyoto, Japan)Z o]&-5}o] 24519}

1

v o

K& HIEMR] StE

H]eba] A 9 bl EX Park et al. (2023)0] 4] ¢1++% HPLC
(Agilent 1260 infinity; Agilent Technologies Inc.)oll 2J3t 4
syl ote A 9 BAshich vlekl A 9 el B9
Ser BAE ZJ7ke] AVMERAE 5 g AEEH(MEDS,
2025a)°f wel 5 4 5= &, 3 mL methanol (Sigma-
Aldrich Co.)oll 0] AJ-§H oz 0|53t el A 4
Hlebgl E2] £-4] A] C30 column (Develosil RPAQUE-OUS;
Nomura Chemical, Aichi, Japan; 4.6 X 250 mm, s—5 pm)©] %
2% HPLC (Agilent 1260 infinity; Agilent Technologies Inc.)
2 ARgslT) dY 255 30°C, ©] 54 methanol (Sigma-
Aldrich Co.) 95%%} formic acid (99%; Samchun Chemical,
Seoul, Korea)Z 0.1%7}13t & water 5%% £315191 0 G4
2 1.2 mL/min®] it}
sie U 213 B

o] E-2- Yoon et al. (2023)¢f wet E431%10H, A4 53}
o el $714L F243 ST Yo 44
2Jalgiet. o] % Ry AR AL the 7] 4] 7% inductively
coupled plasma-optical emission spectrometer (ICP-OES Op-
tima 7300DV; PerkinElmer Inc.), 7| 712 2] 72 ICP-MS
(NexION 300D; PerkinElmer Inc.)& A8-5}o] 15%9] o|u|&
FFS A olrff #E=4-2 Molybdenum ICP stan-
dard (Sigma-Aldrich Co.)2} multielement standard solution 6
for icp (Sigma-Aldrich Co.)E AME-31 %t}

sSAH=E4

£ 4% Aol g dlolel o BEAA 2 fo% AH(%
F-9)4=7)2 SPSS E A9 7] X](SPSS for window, Version 29)
o] ©J&F ANOVA testE ©]-8-5F¢] HEAHEASE 3 Duncan®] th
U AL AAIHATHP<0.05).

2 7htto] A ek 3.5 kg 7| 02 SASFTE WA vl
A W] 7.9 ¢/100 g, A< 2|7} 18.5 g/100 g, A< Te] 7}
2.4 /100 g, A<z F20] 1.2 g/100 g, A< FEH50] 9.7 g/100
golth(Fig. 1). FA&2d 7k 5 sk A= 91T
BH7AA S ST A9 A WA A9 33.11+0.35
mg/100 gO. & 4AHE A% 7] 53] 712291 30-40 mg/100 g
o e S Ve Qick(Park et al., 2025). 1 thE O 2
L 2k Fgkgo] 23.43+0.48 mg/100 g, A EFHEAMS 0]
12.57+0.03 mg/100 go] itk ojuf A U2 2 d3haH
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Fig. 1. Raw and steamed by-products produced during canned tuna Katsuwonus pelamis processing.
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EZ o] A o] 271 7 o 2 FtE| i th(Rustad et al., 2011).
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(Barbosa et al., 2018). ©]5 3| AP} E]2pl-2 712} 5| AE|
i gz Al A AAE AFHR0E AlSs, 5 W v

= %Y 54 ke fQle s deA Jltk(Lioupietal,
2024). A7 FARE O] 8| AE RS Absy e}
A Aol A 5.50+0.03-6.11 +0.20 mgkgo & ]k HAEE
Ao, 2k et A= HEEA 2T S| LB B
2ozt A= s A Y FytE RSt A Ao O3 5| AE Y
o] 72 EAStE A A En, det A H | AEE E
A 2ie g7 = A] ¢kot Alof7} of Frial Bz of gtk
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of 9B 52 W, 94, By B Ax AT
5o b 7HES AR A9 S48 3187178 200 mgkg
© 2 A =0} QHMEDS, 2025b). 2| 7Hg- AR S of
A AARE 71 R 2 v]e fEe UEh o] A SAe R
2 ggot7]of hig Ao = whE qlch

Elebyl FHeRe 24211671025 mgkg O 2 A Ujako] A
7P #34th. WHO/FAOOA = ol AlF9] eyl o2
100 mg/kg o]al= AAISFL 212 (Lioupi et al., 2024) ]
TRRAE S VIS A H WS O R A dREA S ¢
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oleAldotrle] =8 Il 7t a A5 A sh= nAY
=2 2 Klebsiella pneumoniae, Enterobacter acrogenes &
I 22 A P = EARe g A QItK(Yang et al,
2020).
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Table 1. Yield and volatile basic nitrogen (VBN) content of raw and steamed by-products produced during canned tuna Katsuwonus pelamis

processing
. Steamed by-product
Samples Raw viscera - -
Head Tail and bone Dark meat Mixed by-product
Yield (g/100 g) 7.9 18.5 24/11.2 9.7 -
VBN (mg/100 g) 33.1110.35° - - 23.4310.48° 12.5710.03°

'The different letters on the data in the column indicate significant differences at P<0.05.



FA/FERANEY] 94

FFEE SRS 2 mE)(1.2740.05 mgke)et A WA
(1.08+0.01 mg/kg)o] o] A A< 7] U Z20.09 +0.00
mg/kg)o] H]4:0] 79 A AH(7.94 +0.02 mg/kg)o] F4-22]
78 @5(0.13£0.00 mgkg)ol 7H =2 e UEl
o} 7tEES & ophv|eh AL Sl AR F4Eo] HiE
ZE eylof o8 Al W2 ZA %kl A Qlrk(Lee et
al,, 2024). ‘o] 749 2 wel N 2o Ao 9ok
&4 #] 9l 2™ (Asmah and Biney, 2014), 015 dgSof=
A&, njeF2y 9 dxsto|=gr] gl S o8 1w
o] Qlo] 220] ZAE 7PsAo] =rhal YA Uch(Vieira et
al,, 2017). =ty 7|0 W29, WEAlgol5F Helols 3 0.5
mg/kg % 42 0.5 mg/kg?] 5]-87|F0] A= o] qlom, ¥
TAEolF Wl o 0.5 mgkg, 7F=5 3.0 mg/kg (¢, W
& o1FYE 1.0 mglkg), 72 0.5 mg/kg?] 7]=0] 28}
(MFDS, 2025b). “1&{u} thaol & 5 U5 of gl el = &
L 7)S X 4okA] ¢kl E2 1.0 mgkgS 7|02 B
2]5kaL Qlek. Ak v 2] o A S 23 L FAkEol A &
o S T 7)) ofshE gelE| gl om, o]of ket AlE
AR ZA 9] oPHA o] BHR ¥ F o2 Frtr|Q)c).

Zoto|At efE

A= Table 33} ok, pARTARES: 21
A = deA lon Zepd, kst Hetol=
T st AE B 75 A2 282 5 ot (Jimenez-
Champi et al., 2024). F2|7}g541bme] od =k A<
9150 26.75+0.00 g/100 g0 2 7}3F E=qkon] 71 9] 1

A4 9

o]

oJ okl

o =1

11—7]. 5

o,

ARE2 18.5140.53-21.19+0.24 g/100 g &2 A LY. ©]
o Tl o] ek SAde A ESH ] f18llA4 WHO (2007)
ofl A AAIZE 15-18419] AR FF= ol-&ste Lo iz
SEFS AT A WAl 32.0-39.1%, A< wert
33.7-41.1%, Al=s 712] 2 £20] 34.9-42.6%, A< EeHL-0|
46.2-56.5%, A< E3FEANE0] 36.6-44.7%0]% o HE X
A 7F g ANz o] Thul A ghefo] A1 E 02 3hga}7]0] opsta
© 2 92shra ghghE| gt

FobulieAk e A Wil 13.41+0.04 g/100 g, Af=3 ™
27} 17.46+0.83 g/100 g, A<5 18] & Z2o] 18.15+0.48
g/100 g, A<= dgh50] 24.96+0.21 g/100 g, A<5 S3-FA
20] 19.77+0.08 g/100 golRoH THa Fek §Als1
A Bakgo] 7H e epolgiet. ojn) Faobu]ieike
glutamic acid (1.87-3.58 g/100 g), glycine (0.87-2.99 g/100
g), aspartic acid (1.24-2.57 g/100 g)°o|31tt. Glutamic acid
9} aspartic acid= 7HA9H} Aol glom 417 AgdEd A
A& <A QItHRyu et al., 2021). Glycine Zebo] A
% LA o] G2 mlX]m] Fepzt Ato] Qe Zhang et
al., 2025). FAO/WHOOJ| A = 1127 thal 2] o] ZAH 7= 9
o Fotuliat 24 Sl thet 7122 AN k. B4
ofu] = AFe] 1]&o] 40% o] Afo] At Brotn] e Aku] Borop]
=AF0] H]g(essential amino acids, EAA/non-essential amino
acids, NEAA)©] 60% o] 4% 148 i d e Rt
11 B 3 &lo] Qlti(Mohammadzadeh and Feizy, 2025). 2] 7}
AR O] EAA H]E-2 39.4-50.96%0°] %121, EAA/NEAA
2 65.0-103.9%= FAO/WHO 7]#< 214891 7] wjizol| t+
w2 472 T4 740 7F gleka sk it

l_.

Table 2. Biogenic amine (BA) and heavy metal contents of raw and steamed by-products produced during canned tuna Katsuwonus pelamis

processing
. Steamed by-product
Samples Raw viscera - -
Head Tail and bone Dark meat Mixed by-product
Tryptamine 11.08+0.04* - - 8.17+0.82° 9.38+0.19°
Phenethylamine ND? - - ND ND
Putrescine 26.67+0.25° - - ND® NDP
Cadaverine 11.62+0.042 - - NDe 4.84+0.04°
(Brﬁ\gfﬁg)te“ts Histamine 5.50£0.03" . - ND* 6.1120.20°
Serotonin ND - - ND ND
Tyramine 11.67+0.25% - - NDe 6.55+0.22°
Spermidine 76.81+2.20° - - 13.74+0.62° 11.80£0.07°
Spermine 24.96+1.242 - - 16.74+1.00° 6.28+0.31°
Cd 1.080.01° 1.27+0.05° 0.11£0.00¢ 0.06+0.00¢ 0.26+0.01°
Heavy metals Pb 0.01+0.00¢ 0.03£0.00° 0.09£0.002 0.01£0.00¢ 0.07£0.01®
(mg/kg) As 7.940.02° 1.9020.06¢ 1.50£0.07¢ 2.810.07° 2.13£0.02°
Hg 0.03+0.00¢ 0.05£0.00° 0.0510.00° 0.13£0.0°2 0.08+0.00°

IThe different letters on the data in the column indicate significant differences at P<0.05. >Not detected.



Table 3. Protein and total amino acid contents of raw and steamed by-products produced during canned tuna Katsuwonus pelamis processing
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Samples

Raw viscera

Steamed by-product

Head Tail and bone Dark meat Mixed by-product
Crude protein (g/100 g) 1851053  19.480.37°  2017:040°  26.75:0.00°  21.19+0.24°
Amino acid (g/100 g)
Threonine 0.69:0.00° 0.83:0.02° 0.790.01¢ 1.26+0.01° 0.910.00°
Methionine 0.20£0.07¢ 0.33+0.00° 0.35:0.04° 0.51+0.022 0.31:0.020
Isoleucine 0.600.01° 0.56+0.06° 0.44:0.05¢ 1.08+0.02: 0.70+0.01°
Leucine 1.02+0.02 1.25+0.04° 0.99+0.02 2.17+0.012 1.38+0.01°
an Valine 0.81£0.01¢ 0.740.07¢ 0.66+0.05° 1.18£0.00° 0.91£0.00°
Phenylalanine 0.6410.01¢ 0.82+0.02° 0.73+0.01¢ 1.27+0.05° 0.88+0.01°
Histidine 0.42+0.00° 0.59+0.01° 0.78+0.01° 1.26£0.02° 0.79+0.00°
Lysine 1.24£0.00¢ 1.36£0.04° 1.15£0.03° 2.35:0.01 1,53£0.01°
Arginine 1.21£0.00c? 1.16£0.07¢ 1.26£0.03 1.49£0.01° 1.32£0.020
S EAA 6.830.03¢ 7.650.33° 7.15+0.24¢ 12.56+0.10° 8.75:0.05°
Aspartic acid 1.24%0.00° 1.72£0.01° 1,5040.05¢ 2.57+0.01 1.86£0.00°
Serine 0.650.01¢ 0.85£0.01¢ 0.82+0.01¢ 1.04£0.01° 0.91£0.00°
Glutamic acid 1.87£0.01° 2.29+0.05¢ 2.2040.03¢ 3.58+0.022 2.530,02°
Proline 0.60+0.03¢ 0.95£0.07¢ 1.23+0.00° 0.87+0.01¢ 1.07£0.01°
Non-EAA Glycine 0.87+0.00° 1.87+0.16° 2.99+0.112 1.4040.01¢ 2.26+0.01b
Alanine 0.98+0.00¢ 1,51£0.07¢ 1.78+0.03° 1.91£0.02¢ 1.68+0.00°
Cysteine 0.100.01° 0.090.00° 0.070.00° 0.12+0.00° 0.100.00°
Tyrosine 0.270.00¢ 0.53+0.13° 0.4120.01° 0.92+0.022 0.63:0.01°
5 Non-EAA 6.58+0.01¢ 9.81+0.49° 11.00£0.24°  12.40£0.112  11.030.04°
5 Amino acid 13.41+0.04¢ 17461083  18.15:0.48  24.96:021°  19.77+0.08°
EAATAA (%) 50.96 43.82 30.4 50.31 44.23
EAAINEAA (%) 103.93 77.98 65.01 101.24 79.31

IThe different letters on the data in the column indicate significant differences at P<0.05. EAA, Essential Amino Acids; NEAA, Nonessential

Amino acids.

2 XS4 HIEH

Tk ARAE 2482 23R o] 42.6-46.2%, TAEESPAY

2 7R3 5 WA A B Al Ak =
A9, ARAE, 2188 HIER] A 3= Table 49F th. 2215 o
SRS A% EREARIL A4 w2 o] Faro] 217E9.95+0.18
g/100 g W 9.25+0.23 g/100 g2 7} =qko ] A UAo|
3.39+0.04 g/100 g2 7P w2 ohFol itk o] =g Aik=
wioheko](Thunnus tonggol), ZThedol(Euthynnus aftinis), &=
A tell(Auxis thazardys oo 2 2], Wi, Aae A7t
Aol Al Wgke] A9 ekeFo] 71 WAl Urehwdths Halek
AFsltH(Ferdosh et al., 2015).

AR A4 ]2 o) X1 ERHEARE 0] 327973419820
mg/100 g ¥ 2,295.18 +275.86 mg/100 g© 2 7} &9k o,
ZAe] Ak} AR A W A 22| B S, A
< P82 995.24+£26.16-1,579.28 + 123.14 mg/100 go| 3}

Aol 13.2-20.3%, T7FEESR|HHALO] 34.4-41 4%2 E3E
3} A Hpito] 5 o]k 2 AHAES C16:0 (25.1-27.9%),
C18:0 (7.9-9.2%), 18:1n9¢ (9.5-13.9%) So|%ic}. oju,
18:1n9¢c+= LDL (low-density lipoprotein) =87 EAI31E &
THIA dF SHULEHE SRS FaARITAL BalEe] glof
ZH2HE A 71548 AlE 9E 5o® E8ol 7HsE A
S 2 FtE] Yl tMohammadzadeh and Feizy, 2025). 20:5n3
(eicosapentaenoic acid, EPA)2} 22:6n3 (docosahexaenoic
acid, DHA) $FF2 48.45+2.23-177.81 +£12.33 mg/100 g 2
334.22+14.87-1,048.00+86.55 mg/100 g = A& He]<}
A EFHFAREO] 714 =9kt EPASF DHA: 2149 3¢
o, A8, 75 5 TR A g A mso] Halw o] glrt. of
23t A 2402 o] 7o A 5 S HESH| R A%
2 g8-5 3 ok FLQ (fish lipid quality/flesh lipid quality)
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Table 4. Crude fat, fatty acids, and fat-soluble vitamins raw and steamed by-products produced during canned tuna Katsuwonus pelamis

processing
) Steamed by-product
Samples Raw viscera - -
Head Tail and bone Dark meat Mixed by-product
Crude lipids (g/100 g) 3.3940.04¢ 9.2540.23° 5.68+0.03° 3.6940.09¢ 9.95+0.182
Fatty acids (mg/100 g)
C14:0 16.68+0.56¢ 116.90+5.83° 55.51+£2.20° 26.09+1.78¢ 76.2349.25°
C15:0 10.0120.28¢ 43.27+2.06° 19.7840.84° 12.64+0.87¢ 30.5243.72°
C16:0 275.12+5.21¢ 749.48+38.40° 352.01+£17.04° 320.97+20.38¢ 567.49+68.83°
C17:0 15.47+0.34¢ 51.66+2.96° 25.82+1.33¢ 26.94+1.66° 40.60+4.98°
SFA C18:0 90.75+1.75¢ 223.11+13.25° 124.645.79° 191.34+12.82° 190.37+£23.71°
C20:0 2.69+0.09¢ 15.2040.68° 7.47+0.38° 8.68+0.44¢ 11.3241.44°
C22:0 1.39+0.05¢ 10.4810.512 5.47+0.30° 7.41£0.42° 8.03%+1.11°
C23:0 42.96+1.59° 82.91+5.602 33.7110.73¢ 45.174£3.92° 59.8045.88°
C24:0 1.69+0.03¢ 10.50+0.56° 7.35+0.25° 12.18+0.822 9.57+1.33°
> Saturates 456.76+8.82¢ 1,303.51+69.58° 632.54+27.42° 651.42+43.02° 993.92+120.25°
C16:1n7 22.99+0.48° 149.54+7.782 63.93+2.66° 37.5312.644 109.29+13.05°
C17:1n7 1.70£0.05° 5.98+4.23% 3.42+0.13a° 2.68+0.19a° 6.35+0.702
C18:1not 1.04+0.17¢ 5.27+0.082 1.98+0.14¢ 2.88+0.21° 3.93+0.53°
MUFA C18:1n9c 96.04+1.86¢ 417.72+21.712 194.65+7.47¢ 179.72+12.08° 304.65+37.35°
C20:1n9 4.71+0.27¢ 24.87+1.052 8.98+0.55¢ 15.54+0.91°¢ 19.9842.42°
C22:1n9 0.64+0.01¢ 3.75+0.212 1.20£0.11¢ 2.43+0.14° 2.60+0.39°
C24:1n9 5.63+0.19¢ 19.60+1.89° 9.55+0.54°¢ 20.92+1.29° 15.74+2.15°
> Monoenes 132.75+2.38¢ 626.74+36.392 283.71£11.60° 261.71£17.44° 462.54+56.59°
C18:2n6¢ 10.49+0.32¢ 48.97+3.122 20.83+0.38° 19.23+1.55¢ 33.07+3.99°
C18:3n6 2.44+0.13¢ 7.43+1.342 2.97+0.06° 3.37+0.24¢ 5.45+0.99°
C18:3n3 1.92+0.13° 12.19+0.70° 4.76+0.09° 3.11£0.27¢ 8.4410.94°
C20:2n6 5.17+0.27¢ 29.32+1.712 0.00+0.00° 9.74+0.68° 18.93+2.51°
PUFA C20:3n6 0.00£0.00° 0.00£0.00° 1.47+0.742 0.00£0.00° 0.00£0.00°
C20:3n3 0.47+0.05° 3.08+1.142 1.25+0.08b° 2.3310.142 1.750.11°
C22:2n6 2.57+0.10¢ 11.2610.422 3.82+0.07°¢ 4.19+0.15° 8.27+1.01°
C20:5n3 48.4542.23¢ 177.81+12.33° 62.09+2.50° 56.29+5.16° 105.69+11.70°
C22:6n3 334.22+14.87¢ 1,048.00+86.552 383.54+19.19° 567.89+55.23° 657.12177.76°
> Polyenes 405.73+17.82¢ 1,349.49+92.952 480.00+21.88¢ 666.16+63.36° 838.73199.02°
> Fatty acids 995.24+26.16¢  3,279.73+198.20°  1,396.24+17.14c  1,579.28+123.14° 2,295.18+275.86°
FLQ (%)® 38.45 37.38 31.92 39.52 33.24
Fat-soluble vitamins (mg/100 g)
Retinal acetate 61.54+6.212 60.94+1.732 33.75+2.94° 34.71+0.91° 59.52+1.422
a 181.58+10.07% 311.93+1.38° 224.07+40.43% 141.02+12.35¢ 371.03£19.912
B ND? ND ND ND ND
Tocopherol
Y ND ND ND ND ND
0 ND ND ND ND ND

IThe different letters on the data in the column indicate significant differences at P<0.05. ?Not detected. *FLQ, Fish lipid quality index
{{(EPA+DHA)/Y Fatty acids]x100}. SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids.
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o] Qlch. FA|FAHZ 2] FLQZES 33.24-39.528 A< o
(Abramis brama) (24.46-30.14), £-Z|7} %-o{(Oncorhynchus
mykiss) (17.97)f ¥|3}] &tH(Chen and Liu, 2020). E3}, t}5
EEOPA Ak SRR WS 76-104% 2 BRI E =

. o]%_% . ﬂﬂ?ﬂ WA - o

of

32 7712 2
gl o]i= 2004 F=7 BRI A A ARE 7] E 211 45% R et 5=
o H|&-& e TH(Nava et al.,, 2023). HAT2H 7578 T ke A B A A 9
o]Ro| A &3 o] 9= XA HElUlo] FHF Aoz o & W FUIE FFE Table 59 Lk I T A ol

=]

T =
24 qlom, o] A&A R J|FE| Qe 2UA 5
&, nto]ARu} B 7hga, a4 7hpeEel] 5 o 34
of tfgt A7} A o] lti(Mkadem and Kaanane, 2024).
A 7FsHARE 2] X849 vletql Axk= vebl A ghge]
© A ko] 61.54+6.21 mg/100 g, A< 2] 7} 60.94 +1.73
mg/100 g, A& e U FTo] 33.75+2.94 mg/100 g, #+
% 80| 34.71+091 mg/100 g, A EFHEANRO]
59.52£1.42 mg/100 go]itt. BlER E g % o- To-
copherolo] A YAro] 181.58 +10.07 mg/100 g, A<5 ™| 7}
311.93+1.38 mg/100 g, A& 72| @ 2o 224.07+40.43
mg/100 g, A5 FEF80] 141.02+12.35 mg/100 g, Ak &
HAME0] 371.03 +19.91 mg/100 go] 1.2, B-Tocopherol,

—_—

98+0.07 g/100 g, A1<5 2|7} 10.82 + 1.66 g/100 g, A< H1
2] @ ZF3o] 15.31+1.58 g/100 g Ak Egh3o] 1.33+0.12
/100 g, A< EFFRARE0] 10.90+1.47 g/100 g©. &2 LFehyt
o} o]F A4 me] 9 F3o] 7P 2 dhegol e ey o
B A 9 = 0F 50%9] S-S FHokaL Qlrkal A gl
LH(Aenglong et al., 2022), & Aol A= Al | et TS
Sgsto] Are] Yol 7hESE 159 JFoR dHor
2 3|8 Hel Ao 7 wrhgE ),

A7 FARE O] 7718 Ak A W] 79 2H8,819.5
+114.5 mg/kg)o] A< 12]9] e 7h45(35,727.4+2,204.6
mg/kg)o] A Ae] @ FZO] 70 7h2(78,083.0+2,784.2
mg/kg)ol, Ak 52 %9 2H6,053.4 +107.7 mg/kg)o| A

o0
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N ©
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% SOHRAMEO] 79 7143(34,643.9 + 1,326.3 mg/kg)o] T8
F71A &2 epylth AHRARES 2 WS o] 89 A A4
2 ghg3triar def A glom 2 A-toAE A7 RARE
S mejot me] 9 FEof ok e o] Asdch Z2F Bk
ZH g vl= FDA ZJ3HAE 4] 7]3(100 g Al 3
RDI 20% o]/} v gt A, A< wel= 357.3%, Ak A

y-Tocopherol, 8-Tocopherol $HeF-2- W5 &4 Zo| Qi) EgH
HIEH A= TSk e e ddsto] A A 3 s A-§-5)
o, sto| =R aHitsHEo] A E 7] o] TA A HAMfES-E
Ao = NEE Ho sk AR 8L sk o=
Harw]o] Qlek. vt E= FARSHAI 24 A4 T4k} syt
o & AT A e} ghgste] AR AkskE oA gt

Table 5. Ash and mineral content of raw and steamed by-products produced during canned tuna Katsuwonus pelamis processing

Steamed by-product

Samples Raw viscera - -
Head Tail and bone Dark meat Mixed by-product
Ash (g/100 g) 1.98+0.07¢ 10.82+1.66° 15.31+1.58° 1.33£0.12° 10.90+1.47°
Na 3,203.4+32.6¢ 6,514.3+45.8° 4,019.5£117.5° 1,170.7£19.4° 8,884.1+204.12
Mg 4,079.5£52.22 1,263.846.9° 1,294.6126.4° 291.2+2.0° 884.1+10.9°
P 4,386.9+40.5° 1,633.1£65.5° 35,960.4+1,737.6° 2,551.1411.3¢ 15,258.6+481.9°
S 8,819.5+114.52 4,150.3+83.9° 6,444.2£125.5¢ 6,053.4+£107.7¢ 7,179.9£108.0°
K 3,605.1+23.02 1,093.148.2° 2,136.4£114.4° 3,281.9+25.1° 1,526.9+3.1¢
Ca 253.0£19.2¢ 35,727.442,204.6° 78,083.0+2,784.22 287.8427.2° 34,643.941,326.3°
Mineral Fe 46.5+1.6° 181.8+4.12 83.145.6¢ 166.0+7.0° 147.3£1.3¢
(mg/kg) Cu 0.840.0° 0.840.0° ND< 6.60.3° NDe
Zn 119.0+2.5° 95.3+1.5° 72.7¢1.2° 13.420.1¢ 75.441.4°
Cr 0.27+0.012 0.20+0.01¢ 0.24+0.02° 0.19£0.01< 0.17+0.00¢
Mn 0.3240.01¢ 1.93+0.05° 2.2310.09° 0.31+0.02¢ 2.34+0.012
Co 0.01£0.00° 0.06+0.00° 0.12£0.002 0.03+0.00¢ 0.05£0.00°
Se 2.9840.03¢ 2.8910.07¢ 1.45+0.08¢ 4.45+0.11° 3.25+0.03°
Mo ND ND ND ND ND

IThe different letters on the data in the column indicate significant differences at P<0.05. >Not detected.
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