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Chemical and Nutritional Profiles and Value-Added Utilization Potential
of Major Processing By-products from Skipjack Tuna Katsuwonus pelamis

Sun-Young Park, Hyo Ju Maeng!, Young Hyun An' and Jung-Suck Lee'*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea
'Department of Seafood Science and Technology/Institute of Marine Industry, Gyeongsang National University, Tongyeong
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This study aimed to explore the chemical and nutritional components of primary by-products derived from skipjack
tuna Katsuwonus pelamis processing, specifically focusing on the head, frame bone, skin, and viscera, and to evalu-
ate their potential value-added applications. Among these, the frame bone exhibited the highest levels of crude pro-
tein, ash, caloric value, and total amino acid content, indicating its significant potential as a source of collagen- and
protein-based materials. Mineral profiling indicated that phosphorus and magnesium were most concentrated in the
frame bone, whereas calcium was most abundant in the head. Docosahexaenoic acid (DHA, 22:6n-3) was identified
as the principal polyunsaturated fatty acid across all parts, with significantly elevated levels in the frame bone. These
findings underscore the substantial nutritive and functional components inherent in skipjack tuna by-products, sup-
porting their potential use as high-value raw materials for food products, pet food formulations and marine bioma-
terials. These results provide scientific evidence and foundational insights for the sustainable exploitation of fishery
by-products and contribute to the advancement of the blue-food industry.
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Korea, Seoul, Korea)2] ™i-E Al7Hretention time)} H|ul
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SA Xz

dlolE 9] A E F-2F A (5% -2]455)> SPSS &
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e,
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UHEE, g F ol

Zhetrol 7 RARE O] 8 Fopd U, 9= 2 oy
A|E Table 1] A|AI5HLE. H 2 (head) F-9l= & 67.5 g, =
Th A 17.0 g, ZAW 7.7 g, 3152 63 g, BEHE 1.5 g0 2 1
Ebgteh w2 o] A S-S AYstaL, ok F9foll vl &
o] A H 0 & ok, ole TS E ol 2o
F71&o] dF g HlA] 7|Q1gt A o= ThETt Li et al.
(2019)2 7}etego] wl2] o] YW RS =5 75.6 g, A 18 g,
A9 4.8 g, 318 3.9 g0 & KB 115} o1, Toisut et al. (2014)
oA Hele] Tl 16.8 g, AW 1.1 g, 3] 5.7 g& H115}0]
2 AL} fARSE A S Ve QU o 2 Ao mE] A
(7.7 g)ol g ARk ohar A Yebyt=t, ol= A

171, WA 9] & e, A 2] FLA(bE 9 A1, 3
3R] 27F, ZE S 5 G o] Flof whE Afo| &= s A E Tk
| o1 F9] A Sk Hol AH, 4=, Ak7] o 7 WA 2
| & A 234 Qo] upet W FHo] F Ao defA 9l
T}H(Chakraborty, 2017).
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oL

An Hz o
ol

N

Table 1. Proximate composition, salinity and energy of skipjack tuna Katsuwonus pelamis processing by-products

Proximate composition (g/100 ini
By-product parts Moisture ~ Crude protein  Crude lipid € ilh Carbohydrate’ (g/?lggté) (kCIiEﬁD%%yQ)2
Head 67.5+0.6" 17.0£2.12 7.711.6° 6.311.1° 1.50.0¢ 3.210.0° 150.3£0.0°
Skin 64.4+1.2° 20.5+1.7° 11.540.3¢ 2.3+1.3° 1.320.0° 1.0£0.0° 200.1£0.0°
Bone 2.1+0.42 31.5£0.3¢ 15.2+1.3¢ 44.610.7¢ 6.6+0.0° 0.1+0.0? 303.1£0.0¢
Intestines 77.4£0.4° 18.4£1.32 2.0+0.0? 1.6+0.12 0.6+0.0? 0.2+0.0? 129.1£0.02

ICarbohydrate (g/100 g)=100-(moisture+crude protein+crude lipid-+ash). 2Energy (kcal/100 g)=(crude proteinx4.22)+(crude lipidx9.41)+(c
arbohydratex4.11). 3The different letters on the data in the column indicate significant differences at P<0.05.
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Sl 184, %AW 2.0g, 312 1.6 g2 Leko] whil o
o gtiH o EAR At Bl g we 5L B

o Y2]= 100 g 7] =0l A 303.1 keal 2 71 =%
A2 129.1 keal2 7H4 SITHP<0.05). o= $F0] ¥ ¢
ekl vlsl] T ko] ot oy A] gho] AiA R =
A Ueh7] oz, =t $ste] T Aplow
A& B8 7HX7F w52 AR whebA FARE O] 9 9
U A 2k Blale ZF 7919 43 7HA S B71ok= dl 18171
A 771" Ao 2 dekEltLee and Woo, 1992; Klomklao
and Benjakul, 2017). F-91% dx=+= #elof A 3.2 /100 g&. =
7P ko AA 1.0g WA 02¢g 5Z 0.1 g2 YE
et o] e Qi gol gl ] thojRo] 23k ¢
2O| RO R B 5 9lu, FFY P 27 SN B
A FH TR GE 02 Gol HA HAE] whie] e
32 Bk ANPH O 2 o] 0] 27 B4 et G Bt
e, 23] B 25 ol A er w2 A=t
ZH k= 7)E 22l A stk (Rybicka et al., 2022a, 2022b;
Jimenez-Champi et al., 2024).

pH H Sl

Thefegolo] ZHEEANE £ 91 pH 9 FAHES HAR
Aik= Table 200 YepH QI 7ol 7 FA4E9] pHe
5.49-5.90 gIgom, AAelA] FH e ghe ekl
TEoIA 7P 2 g Hlth ol2|et Aik= ol {7o 79
TR 24 B S8 ek Aolo] mE R0, Ao
2 bl 9 22 o] - A 904 $55 (buffering
capacity)©] A7 A pH7} A 4% 210 2 TeHACH(Kim
and Mendis, 2006; Kang et al., 2024).
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o2 71 229k, S0 2 714(280.8 mg/100 g), ] 2](221.8
mg/100 g), W7&(124.7 mg/100 g) =22 LEFT o= 771
A i Bafabgo] At A o = o] 49 o) ukE A}
2 3|4 = cH(Yoshida et al., 1999; Bioflux, 2018). ¥FH Wj&+a}
we] Bol= Atz o= ol v Wl Bajj2 <) A==
A 4o Aol FAE =27 WA Ukt

ZotolzAt

Zhebgol 7R AR =8 B9 FoulieAl S Ta-
ble 3of| AJABF T Fobr] At T2 F3(29.39 g/100 g)
oA 71 =okem, ololM ZZ(18.76 g), WHH(17.26 g), ™
2](16.57 g) =22 YERHTHP<0.05). 59 &2 e =
22 of| TR Sl 9 = T SAdu]of) 7] lsh, 7
A At Al ofn]ieAto] SRt 2 S 2R
th(Nagai and Suzuki, 2000). 52 G4 oFr]=AKH|-E 5% O]
e HE oA 3 AR SR EAN(12.3-14.2%), ok~
a2 EAH7.1-9.3%), 2}o] A1(5.1-8.5%), oF27]1(6.2-8.6%),
FEAG9-193%)elc. B3l F2I AP FeAl-ng
2l-akehd o] ] go] frof, SebAl 549 ofulidt 2Ao]
SISHA] Wbttt Herohu] k(5% o)) e 6.53-9.09
¢/100 g W 90| 9L, F20] 9.09 g0 & 7Pg L, o
W858 g), M2(7.94 g), AH(6.53 g) w=olqltt. +2 H
o] iARS 8}o] 41(0.96-1.53 g, 5.1-8.5%), FA1(0.78-1.47 g,
5.0-8.1%), oF27]d(1.03-2.49 g, 6.2-8.6%)°] 31t} £3], 5
2 59]0l4] 2 wo]Alak ok2r|Y Fape 22 ) whea(
Sebll 9 & G )e) FRE WY BAE 208 U
Fth(Nagai and Suzuki, 2000).

H| g =olu] e Ak S-2kof 4] 20.31 g/100 g 2 71 =9kaL,
I tReo 2 ZAA(12.23 g), W68 ), 12](8.63 g) <0]
Tk 8 vjhpotu] k(6% o14) & oFATtEEAK1.34-
2.35 g, 7.1-9.3%), 25F54H2.30-3.99 g, 12.3-14.2%), &=}
U(1.14-3.07 g, 6.6-104%) %1, BE Holof A =& Fake
R}, )5 ofulieAle: o] g RANES] Fa whuld T4
‘d&olH, 53] s (umami) AV} 7154 A= B8
o 71o98k= A0 2 1 31 %] ¥ th(Nagai and Suzuki, 2000; Cha-
lamaiah et al., 2012).
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Table 2. pH and total acidity of skipjack tuna Katsuwonus pelamis processing by-products

By-product parts

Component - -
Head Skin Bone Intestines

pH 5.71+0.1% 5.9040.0° 5.49+0.0° 5.71+£0.0°

Total acidity (mg/100 g) 221.8+4.1¢ 280.8+9.5° 1,427 1+16.3¢ 124.7+17 .42

'The different letters on the data in the column indicate significant differences at P<0.05.
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(3.3 mg)°] 71 F& o]3itt.

ol 718ol A

olefel sk

%‘81—2—1 [e)

= 2 900 2 q
7, vje] Rojol FE 9 A
A MoI ﬂmoi 25 AHo) 7] Uit
(Nagai and Suzuki, 2000). E=3t, IH —‘,ﬂ—-l—]
Z+2 § 4 chl R 3} giA) e 2L0]L
© 2 FehElth(Ngo et al., 2012).

2 vk

I & 3L
o =

=P
9%
o chey

A(3.7 mg), Mz

2 A
Z

2 4

ol o

Mo rlo 0L ok 4o

-

re
Fft e

_,ngl_"_o,
£ ol BN

KelNe)
g
ZA

=

:l:i
ofs
-
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Table 3. Total amino acid contents of skipjack tuna Katsuwonus pelamis processing by-products

Amino acid By-product parts

(9/100 g) Head Skin Bone Intestines
Threonine 0.75 (4.5) 0.71 (3.8) ND* 0.86 (5.0)
Valine 0.86 (5.2) 0.58 (3.1) 1.05 (3.6) 1.00 (5.8)
Methionine 0.52 (3.1) 0.44 (2.4) 0.08 (0.3) 0.48 (2.8)
Isoleucine 0.77 (4.7) 0.42 (2.2) 0.74 (2.5) 0.87 (5.0)

EAA Leucine 1.28 (7.7) 0.78 (4.2) 1.47 (5.0) 1.41 (8.1)
Phenylalanine 0.72 (4.3) 0.52 (2.8) 1.00 (3.4) 0.85 (5.0)
Histidine 0.68 (4.1) 0.51 (2.7) 0.73 (2.5) 0.57 (3.3)
Lysine 1.33 (8.0) 0.96 (5.1) 1.53 (5.2) 1.47 (8.5)
Arginine 1.03 (6.2) 1.61 (8.6) 2.49 (8.5) 1.07 (6.2)
Sub-total 7.94 (47.8) 6.53 (34.9) 9.09 (31.0) 8.58 (49.7)
Aspartic acid 1.55 (9.3) 1.34 (7.1) 2.35 (8.0) 1.61 (9.3)
Serine 0.69 (4.2) 0.72 (3.8) 1.36 (4.6) 0.84 (4.9)
Glutamic acid 2.35(14.2) 2.30 (12.3) 3.99 (13.6) 240 (13.9)

NEAA? Proline 1.01 (6.1) 2.10 (11.4) 3.10 (10.5) 0.85 (4.9)
Glycine 1.29 (7.8) 3.55 (18.9) 5.67 (19.3) 1.02 (5.9)
Alanine 1.16 (7.0) 1.90 (10.2) 3.07 (10.4) 1.14 (6.6)
Cysteine 0.09 (0.5) 0.06 (0.3) 0.15 (0.5) 0.17 (1.0)
Tyrosine 0.49 (3.0) 0.21 (1.1) 0.62 (2.1) 0.65 (3.8)
Sub-total 8.63 (52.1) 12.23 (65.1) 20.31 (69.0) 8.68 (50.3)

Total 16.57 (99.9) 18.76 (100.0) 29.39 (100.0) 17.26 (100.0)

'Essential amino acid. *Nonessential amino acid. *The value of parenthesis means percentage of each amino acid content to total amino acid

content. “Not detected.

Table 4. Mineral content of of skipjack tuna Katsuwonus pelamis processing by-products

Minerals (mg/100 g)
By-product parts
Ca Mg Zn
Head 1,318.2+0.0°" 2,060.30.0¢ 76.6+0.0° 3.3+0.02
Skin 326.0+0.02 449.3+0.0° 26.1+0.02 3.7+0.02
Bone 7,601.940.0¢ 151.740.0° 223.4+0.0¢ 9.3+0.0°
Intestines 390.1+0.0° 182.0£0.0° 90.3+0.0° 10.740.0°

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

= N
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(21.1%, 1,314.6 mg)2] Z=o] itk & A AR 16:0 (1,717.3
mg, 27.5%), 18:1n-9 (921.7 mg, 14.8%), 22:6n-3 (1,841.3 mg,
29.5%) %t}

Y] AAE TS 9,128.4 mgo| AL, At 2408
3}AF42.5% (3,882.4 mg), Z2] 24K(36.4%, 3,321.6 mg) U &
=QlAH21.1%, 1,924.4 mg)2] 2=o]lth F& AHARS 16:0
(2,525.1 mg, 27.7%), 18:1n-9 (1,371.0 mg, 15.0%), 22:6n-3
(2,549.9 mg, 27.9%) & H 2|9} SAFSE S W),

Z20] AHMAE SRS 12,606.5 mgl & BANE = 71 =

ofom, Z2]QlAl45.9% (5,790.9 mg), E3HH35.4%, 4,467.2
mg) I W -ollAk(18.6%, 2,348.4 mg)2] 4=o]itt 8 A4
AR 16:0 (2,806.3 mg, 22.3%), 18:1n-9 (1,638.8 mg, 13.0%),
22:6n-3 (4,579.8 mg, 36.3%) 2.8, £3] DHA (22:6n-3)¢] H]
ol =7 Uehd A2, T Folol ARl 5 1 A4
W 1A14 /d A& o DHAZ} S-5-51HA] EA517 | fiito = et
gtk o]= ol ARl 3 £ E &3 e 4o A
Ab 24 Ao A BHolE vl glon DHAY} 38 I =8
SIS 2 HEE O thgolF S F917F 2u|7k-3 A4
o] 293t A7 2.9]9)e ¥ v} Itk Murthy et al., 2014;
Ahmed et al., 2017).

Aol AukAE okERe 1,137.3 mgo| AL, EZSHAo] 40.0%
(454.6 mg), Z2|AAK38.7%, 440.2 mg) 2 = - 4K21.3%,
2425 mg)d] &olglor, Fo AHARe16:0 (306.3 mg,
26.9%), 18:1n-9 (196.4 mg, 17.3%), 22:6n-3 (357.6 mg,
31.4%)= EA =9t

Hol A 240E& vt 23, DHAE 2E
7P FEe nEEEsAAte|glon], B8] FaolA 1
St vlso] 7MY =Tk weeF Ao A= 16:0, 18:1n-
9, 22:6n-30] & A4S 2 FARE BEE HGAL, U

1ol A

Table 5. Fatty acid composition of skipjack tuna Katsuwonus pelamis processing by-products

Fatty acid By-product parts

(mg/100 g) Head Skin Bone Intestines
14:0 248.9 (4.0) 330.7 (3.6) 302.3 (2.4) 216 (1.9)
150 80.4 (1.3) 119.4 (1.3) 130.3 (1.0) 11.3 (1.0)
16:0 1717.3 (27.5) 2,525.1 (27.7) 2,806.3 (22.3) 306.3 (26.9)
17:0 104.0 (1.7) 157.6 (1.7) 2123 (1.7) 131 (1.2)
18:0 4382 (7.0) 714.2 (7.8) 974.0 (7.7) 95.4 (8.4)
20:0 30.8 (0.5) 35.4 (0.4) 42,0 (0.3) 6.9 (0.6)
Saturated 2,619.6 (42.0) 3,882.4 (42.5) 44672 (35.4) 4546 (40.0)
16:1n-7 350.9 (5.6) 4936 (5.4) 4813 (3.8) 382 (3.4)
18:1n-9 921.7 (14.8) 1,371.0 (15.0) 1,638.8 (13.0) 196.4 (17.3)
20:1n-9 42,0 (0.7) 59.8 (0.7) 82.3 (0.7) 9(07)
24:1n-9 ND3 ND 146.0 (1.2) ND
Monoenoic 1314.6 (21.1) 1,924.4 (21.1) 2,348.4 (18.6) 2425 (21.3)
18:2n-6 83.9 (1.3) 128.5 (1.4) 160.0 (1.3) 12.3 (1.1)
18:3n-3 27.6 (0.4) 34.7 (0.4) 52.3 (0.4) 7.7 (0.7)
20:4n-6 119.4 (1.9) 131.2 (1.4) 324.0 (2.6) 11.4 (1.0)
20:5n-3 318.1 (5.1) 4773 (5.2) 674.8 (5.4) 51.2 (4.5)
22:6n-3 1,841.3 (29.5) 2,549.9 (27.9) 4,579.8 (36.3) 357.6 (31.4)
Polyenoic 2,390.3 (38.3) 3,321.6 (36.4) 5,790.9 (45.9) 4402 (38.7)
TFA 6,234.6 (101.4) 9,128.4 (100.0) 12,606.5 (100.0) 1.137.3 (100.0)
TL2 7.7 (0.1) 115 (0.1) 152 (0.1) 2.0 (0.2)

ITotal fatty acid. *Total lipid contents (g) of samples (100 g). *Not detected.
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