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Variation of lipids in various parts of ‘Nobori-Katsuo”, skipjack tuna migration
northward along the Pacific coast of Japan in spring, and ‘‘Kudari-Katsuo”,
skipjack tuna migration to southward along the Pacific coast of Japan in autumn
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The lipid content and fatty acid composition of abdominal muscle, dorsal muscle, dark muscle, skin, ventricle,
atrium, artery ball, liver, intestine, pyloric caucus, and orbit in the skipjack tuna, Katsuwonus pelamis, were inves-
tigated based on the comparison of lipids between ‘“Nobori-Katsuo”, skipjack tuna migration northward along the
Pacific coast of Japan in spring, and ““Kudari-Katsuo”’, skipjack tuna migration southward along the Pacific coast
of Japan in autumn.

The amount of triglyceride in the dorsal muscle, dark muscle, atrium, pyloric caucus and intestine was fairly
higher in “Kudari-Katsuo”’ compared with that of “Nobori-Katsuo”. The fact suggests that the triglyceride in
these parts of ‘“Nobori-Katsuo” was preferentially used for the energy of migration compared to the other parts.

Conversely, the amount of triglyceride and fatty acid composition in the orbit were almost the same between
“Nobori-Katsuo” and “Kudari-Katsuo”. The relative amount of docosahexaenoic acid (DHA) was lower in
almost all parts of ‘“Kudari-Katsuo”.
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Table 1 The gradient condition for analysis of triglycer-
ide molecular species by HPLC

Time (min) Acetone (%) Acetonitrile (%)
0 60 40
60 65 35
100 75 25
140 90 10
160 100 0

175°C~225C (B 1°C/min), FADEE : 250°C,
BHEHRE : 270C, F+ V7 —HA: AU YA (ImL
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Mix, SUPELCO ##) ORI & OHE, FEIIW
HEEHE L OLC—7 T Y THEHE OB TT -7, &
PrksRIE, 7= bh/Vy 7 (C-R6A, EEBFRTAHEL)
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S5um, MFEE 14nm, RFESE 18%, HR{LFEHLH)
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BREEE #HAV VI ORhRSLUMAKESR Fig. 112
Y, FHBEREEONYABIUTOAVETENE
1143.8+1.6cm, 53.1+0.4cm, FHHEETZhZEH
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Fig. 1 The biological measurements of “‘Nobori-Katsuo”
and “Kudari-Katsuo”'.
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Fig. 2 Comparison of lipid content of various parts be-

»

tween “Nobori-Katsuo” and ‘‘Kudari-Katsuo”.
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Fig. 3 Comparison of the ratio of TG content of various
parts between ‘‘Nobori-Katsuo”’ and ‘‘Kudari-Kat-
suo”’.

0.16

1l 3 “Nobori-Katsuo”
0. B “Kudari-Katsuo”
0.12

0.10

Ratio of n-6 fatty acids / n-3 fatty acids

0.08 -
[ :
0.06 | , .
0.04 [
0.02 | -
0 - -
o =~ = = o -
172] Bl E=] 3 |53 b4 2
3 3 = Z 5 - 3 3 2
£ =] £ =] -1 » & 2 2
- = 5 < 3 o £ 2
] 2 £ &5 k=t ey
= B = 5 < 3
E g e = S =
: RN :
< oo}

Fig. 4 Comparison of the ratio of n—6 fatty acids/n-3 fat-
ty acids of various parts of skipjack tuna.
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Table 2 The fatty acid composition in the lipids of various parts of “Nobori-Katsuo”’
(mg/g lipids)

Faty  Ablominal Dol Duk g M flen Mo bve PO g BYe
14:0 38.0 8.4 13.7 42.4 94 3.7 24.9 4.4 12.4 13.3 44.0
15:0 8.2 6.3 4.6 6.9 3.8 2.1 6.6 4.2 4.7 4.0 13.0
16:0 220.2 138.4  148.7  201.0 209.6 110.6 174.0 136.8  174.8 122.6 215.1
16:1 39.3 9.8 17.1 454 10.2 4.7 23.8 8.0 12.5 13.4 55.6
16:2 10.2 4.0 7.2 8.9 3.3 2.3 6.6 7.0 7.7 7.8 13.9
17:0 94 6.0 8.5 7.6 7.5 5.8 8.0 6.9 74 5.8 11.0
16:3 3.7 1.5 2.3 3.7 n.d. n.d. 3.2 0.9 1.2 1.6 7.5
16:4 1.4 1.7 n.d. 0.8 n.d. 0.5 n.d. n.d. 1.1 1.8 n.d.
18:0 62.5 80.6 98.8 44.3 116.1 82.7 86.7 51.7 70.7 62.8 384
18:1(n-9) 69.4 45.8 69.2  149.2 42.8 31.7 77.8 23.2 35.2 34.4 104.4
18:1(n-7) 17.4 12.3 16.8 24.5 22.1 17.3 16.0 10.4 15.2 124 17.6
18:2(n-6) 10.9 6.2 8.5 12.5 6.7 5.9 8.6 4.1 5.9 54 11.7
18:2(n-3) 1.8 n.d. n.d. 1.8 n.d. n.d. n.d. n.d. n.d. n.d. 1.7
18:3(n6) 5.7 1.1 2.3 3.7 n.d. 2.7 n.d. n.d. 1.7 1.7 6.4
18:3(n-3) 9.3 2.8 4.2 6.7 3.2 1.5 5.1 2.4 3.5 3.2 7.0
18:4(n-3) 18.7 3.1 6.3 11.5 4.3 1.2 8.9 2.2 4.2 5.5 13.8
20:0 2.3 1.3 2.3 3.5 1.8 1.6 n.d. 1.0 1.6 1.2 2.9
20:1 3.5 2.1 4.0 12.8 2.8 2.3 3.8 1.5 2.7 1.5 4.8
20:4(n-6) 14.1 16.7 15.5 13.6 20.9 22.3 28.0 23.5 25.0 214 12.9
20:5(n-3) 84.6 45.9 52.6 67.5 53.1 45.1 61.1 66.0 62.7 48.1 75.8
21:5(n-3) 2.4 n.d. n.d. 2.3 n.d. n.d. n.d. n.d. n.d. n.d. 1.8
22:5(n-3) 8.6 6.2 7.99 11.7 8.5 6.7 17.6 5.5 6.4 7.8 7.5
22:6(n-3) 259.8 266.2 3143 227.6 3254 2104 170.5 208.2  215.7 142.5 271.1
24:1 4.9 2.5 8.1 6.7 2.6 2.8 5.2 4.8 6.9 3.9 4.0
Others 354 66.2 49.1 1065 47.0 32.3 62.7 31.7 33.3 36.2 44.6
>SFA 340.6 2409 2765 305.6 348.2 206.5 300.2 205.0 2715 209.8 324.5
*MUFA 134.5 72.6  115.1 2385 80.4 58.8 126.6 178.8 72.5 65.7 186.4
>PUFA 430.3 355.5 421.1 3714 425.5 298.0 309.6 2374  335.0 243.4 431.0
n-6/n-3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.10 0.1 0.1 0.1

Means(z=3), n.d.: not detected (less than 0.2 mg/g lipids)
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MAFTEE, BEDOETAICE T TG EFXRIL, LAy
FOZNEH, ThFEn 16.5%, 33.1%, 31.1%, 0%,
25.5% TH - 7cDIZR L, & TOERICTI\ T 95% LA
EFIZHEML 72s SHIBREAERT V-2 EIC TG
D CHIERF & L CERBLA L 2E%L, WrE, B
FEOTGRIARIEN &7zo T bHiDEEZBND, —
F, BRICBWTR T AVATL TG EERITAEL
Bl 7eh oz Thid, £V Ay Azl 80%
WTGEEREZRL TWAIZ LICERLTWAEEZL
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Table 3 The fatty acid composition in the lipids of various parts of ‘“‘Kudari-Katsuo”

(mg/g lipids)

Abdominal

ggltég muscle gﬁgiﬂ nlljuasl;:lie Skin (Vgletgéle) (gsfurrtn) (Argf;réall) Liver (lijayel(?lll.i'fl Intestine S(])Sc}l;eet
14:0 55.1 57.8 31.2 58.1 14.3 60.3 13.3 8.9 46.4 59.9 43.3
15:0 8.0 6.8 6.1 9.2 3.5 9.2 3.7 45 8.2 8.3 10.6
16:0 183.1 1915 166.0 1874 159.7 196.2 76.8 142.1  196.1 183.7 194.8
16:1 41.8 48.5 28.2 44.1 12.3 43.6 11.9 10.4 31.6 37.2 56.7
16:2 6.9 6.6 7.1 7.7 3.0 2.8 34 1.8 2.1 2.5 9.2
17:0 6.5 6.2 7.4 6.9 5.2 7.0 3.6 6.1 7.9 6.8 7.3
16:3 5.0 5.8 3.8 5.1 1.7 24 1.8 1.9 3.0 4.4 7.4
16:4 1.0 1.2 n.d. 1.5 n.d. 0.5 n.d. n.d. n.d. 1.0 n.d.
18:0 30.4 28.0 55.7 28.6 80.4 32.7 23.1 48.1 52.6 36.1 24.2
18:1(n-9) 103.6 117.2  103.1  102.2 44.7 103.6 474 49.0 80.8 93.5 111.2
18:1(n-7) 33.7 36.1 27.1 36.2 27.1 35.0 8.6 21.9 30.6 33.1 19.4
18:2(n-6) 20.8 22.1 15.6 22.0 10.8 20.9 8.0 11.1 17.7 19.2 14.0
18:2(n-3) 1.0 1.1 0.8 1.2 n.d. 0.5 n.d. n.d. n.d. n.d. 1.2
18:3(n—6) 2.7 3.0 2.1 3.0 2.8 3.6 n.d. n.d. 2.8 2.6 2.6
18:3(n-3) 12.7 14.6 7.0 14.0 3.9 13.1 2.1 4.3 10.8 11.7 7.1
18:4(n-3) 25.4 33.1 13.3 325 7.2 29.8 3.1 5.3 23.5 23.0 14.1
20:0 1.7 1.7 2.1 1.6 1.4 1.8 n.d. n.d. 0.7 1.8 1.8
20:1 10.5 7.7 9.0 6.5 3.2 6.6 1.4 2.8 5.4 9.2 5.5
20:4(n-6) 13.2 12.0 14.4 12.4 20.5 13.8 9.4 25.7 19.2 15.0 12.5
20:5(n-3) 88.4 103.5 58.3  105.7 64.4 99.5 32.3 63.6 89.3 79.8 79.5
21:5(n-3) 2.2 2.5 1.6 2.6 n.d. 2.3 n.d. n.d. 1.8 1.9 1.7
22:5(n-3) 94 9.2 8.7 8.0 10.0 8.7 6.4 6.3 8.0 9.4 7.5
22:6(n-3) 1674 175.6  210.7 86.4 273.2 184.4 81.2 169.2  178.1 139.6 245.6
24:1 3.2 3.2 4.9 3.1 2.3 3.2 1.6 2.6 4.2 3.1 44
Others 76.4 68.7 71.2 81.0 40.6 60.9 9.6 51.8 56.6 90.3 45.3
sSFA 284.9 2919 2685 2917 304.8 307.1 120.5 209.5 3119 303.5 282.0
*MUFA 192.7 212.7 172.1 1921 89.5 192.1 69.4 86.6 152.6 161.5 197.2
SPUFA 356.0 390.1 3432  402.0 3974 384.7 144.1 289.1 356.4 333.6 401.8
n—-6/n-3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1

Means (#=3), n.d.: not detected (less than 0.2 mg/g lipids)

B rE2 bbb, WAV T, NERBIET
FeRs Ic RSB <, B TIIE & 0 RBEiEl 2
BEHCIFIVFEF-LLTERAINS 2 E8mb6N T
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FOTGEERMBOY THo/cZ &L, AVFITEW
THHEIERFO TG BPELAIC THIVF— & L THEH
INTWAHAREEMARTERLEELONS, T2, L
DAY AOBAFO TG E&RERIT, HHW, MAFH, KA
DIETE N, D &L, CNOHEEHEIEF & LTE
Ban-TeRTxrVF—L L THEAIhLEIL, K
A, MEHW, TAOEBFTHEAINSTVOTE WA
tE2ONS, tk, TOAYATE, BER, M&W,
BHOWTNICE W THIFEFD TG EHFEAH 95% LU
ETHY, 20 TG OBERREIIITEZ DT OR ALK
DOEBRE I HEIND,

DHA §EitfboffE L kL GEFICE <, REMU

HOEREHMOIEE RENR & FMRIC, ZEL 7 DHA
HAE L L COFIAA GBI NS, 2RICE TOEMLIC
BT DHA £EiIEEVA, BREUANDEMAICINT
BEGELERL, FTOAYF TR LI, 72220 2D
JFRECE L TEAHTH - 7,

n—6 RfEH5EE & n-3 RERFEEOH (n-6/n-3) &, &
B LUEHTRELSELMRET, AVTOEDTELICE
WTHIDONRGVRAF—EEEZ b/, BIE, BARA
OETHD n-6/n-3 DT 42 BRETH D, BEAT
BABRENBELLINTV SO DDEREERB TIHIC
DAL - ETFTFBERELDERD L INT VA,
S 51T, n-3 RIEWHEEOERENEFB P OLIETL
TWABI L HLBELOEIOBEINT VWS, AVYTH
WAEOEE T, FEOAYITBIUTOAYAESICE
TOBWA T n-6/n-3 DHIT/NEL, AV AEEIE -3
XIEEEOFIM, BEUCERTHS L2 5,
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Table 4 The main molecular species in the triglyceride of various parts

TG species A‘tr);igérclligal gggsc?é n%;ii Skin ( Efﬁfrtn) (A rt%??rlt) all) Intestine Pylorus Eye socket
“Nobori-Katsuo” (peak area %)
EEE n.d. n.d. 0.2 n.d. 0.0 0.1 n.d. n.d. n.d.
EED 0.8 n.d. 0.5 n.d. 0.2 0.4 0.4 n.d. 0.1
EDD 1.3 n.d. 1.2 n.d. 0.5 0.8 0.8 0.7 0.3
DDD n.d. n.d. 1.0 n.d. 0.3 0.3 0.3 0.5 0.1
OED 1.8 1.6 1.5 1.3 1.9 1.5 1.1 0.9 1.3
PEE 2.6 1.5 0.8 n.d. 34 2.8 1.9 1.7 n.d.
oDD 2.5 2.6 2.7 3.9 2.1 1.7 1.5 1.3 3.5
PED 9.4 6.9 4.0 3.6 8.2 6.3 5.9 5.1 4.7
PDD 20.9 15.8 8.3 9.5 16.8 12.7 14.6 13.2 17.1
SED 3.3 2.8 2.6 1.8 4.6 3.6 2.7 2.3 1.0
SDD 84 7.6 8.1 54 6.2 5.7 7.3 6.7 8.3
OOE 1.0 n.d. 2.7 4.0 2.9 2.3 1.0 0.7 0.8
00D 4.0 3.3 3.7 54 4.7 5.3 3.7 3.2 35
POE 1.9 2.4 2.6 2.3 1.7 1.5 1.6 1.1 2.1
POD 9.8 13.7 8.1 21.3 10.3 9.6 7.9 6.6 15.2
PPE 6.8 9.0 6.7 5.5 n.d. 1.4 6.7 6.3 5.5
PPD 5.9 5.9 4.3 10.6 n.d. 3.3 7.3 8.1 6.9
SPD n.d. 2.9 2.9 n.d. n.d. 5.5 1.7 2.7 n.d.
POO n.d. 2.9 3.0 5.0 n.d. 3.6 2.3 n.d. n.d.
PPO n.d. 2.8 n.d. 5.0 n.d. 2.6 2.6 n.d. n.d.
PPP n.d. 3.2 2.5 3.4 n.d. 2.5 34 n.d. n.d.
“Kudari-Katsuo” (peak area %)
EEE n.d. 0.0 0.0 0.0 n.d. n.d. 0.0 0.0 0.0
EED 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.2
EDD 0.3 0.3 0.1 0.4 0.3 0.2 0.2 0.3 0.5
DDD 0.3 0.3 0.1 0.4 0.2 0.0 0.2 0.2 0.1
OED 1.6 2.1 1.3 2.4 0.9 1.9 14 2.2 1.7
PEE 1.4 2.0 0.6 24 1.8 1.9 24 2.6 n.d.
OoDD 1.5 1.3 1.7 1.5 3.1 2.0 n.d. n.d. 4.2
PED 3.7 4.6 2.7 5.4 3.6 5.5 2.6 2.9 5.3
PDD 34 34 3.1 4.6 3.2 7.4 2.4 3.0 10.5
SED 1.8 2.2 1.9 2.2 1.9 1.4 1.3 1.3 1.2
SDD 4.0 4.7 4.5 4.2 34 5.0 2.8 3.3 6.5
OOE 1.3 3.7 2.6 3.8 3.8 3.8 1.2 1.0 0.7
00D 4.3 4.0 5.0 3.8 3.9 3.7 3.7 3.5 35
POE 4.1 4.9 34 4.5 44 34 3.8 3.8 2.8
POD 9.7 11.0 12.6 10.5 10.1 13.1 8.1 9.5 16.0
PPE 6.6 6.6 6.2 6.8 6.7 74 5.6 6.3 5.1
PPD 6.4 4.6 5.9 4.7 5.3 4.1 6.2 5.2 6.2
SPD 3.6 34 3.6 2.9 n.d. 2.8 3.9 n.d. n.d.
POO 4.5 3.8 3.8 34 5.9 5.0 6.8 n.d. n.d.
PPO 34 3.3 4.5 2.0 3.2 2.5 3.7 n.d. n.d.
PPP 2.8 2.5 3.7 1.9 2.9 2.8 3.7 n.d. n.d.

n.d.: not detected
D: Docosahexaenoic acid, E: Icosapentaenoic acid, O: Oleic acid, P: Palmitic acid, S: Stearic acid
The order of the abbreviation on the TG species is only expressed the combination of fatty acids connected to the TG, not shown sx-position.
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Fig. 5 HPLC profiles of TG in pyloric caecum of skipjack

tuna.
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Fig. 6 HPLC profiles of TG in skin of skipjack tuna.
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Fig. 7 HPLC profiles of TG in orbit of skipjack tuna.
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