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Changes in the flesh lipids of fish during frozen storage
Part I. Flesh lipids of bluefin tuna, Thunnus orientalis

K626 Taxama, Koichi Zama and Hisanao IeArRAasSHI

Abstract

Minced flesh of bluefin tuna was stored at —20°C and the composition of the
lipids were determined at intervals during a total period of about 100 days.

The 100g of minced tuna contained a total about 1.60g of lipids. This included
about 0.56 g of phospholipids (lecithin 0.37 g, cephalin 0.17 g, and others), 1.03 g
of neutral non-phospholipids (sterolesters 0.03g, sterols 0.10g, triglycerides
0.73 g, and others) and 0.07 g of free fatty acids.

After 10 days, the phospholipids and the neutral non-phospholipids had
decomposed markedly, but there appeared a slight increase in their amounts
at around 30-50 days and then they decreased gradually.

After about 50 days, when ca. 43% of the lecithins had been decomposed, no
further breakdown was observed.

In the case of the triglycerides, at the end of the experiment ca. 619% of the
initial amount had been broken down.
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#%, Bbiz 500g FORY = F L WD —20°C iBEEL 72

RN £EBH (0,5, 10, 15, 20, 30, 50 %08 100 B B 8 #) wic LinSaEntkl» BUHL, 3
ERDZaarVa « xF 7 — (2:1, v/v) T1E, 35 c[@REA 15 FAT2E, #tmbs
R, HbgkEAESE soas Vo BrBERELELNIIREYERERE LI,

FABHSLLOTMISTA4— & A8 (Mallinckrodt $, 100mesh, Zu<b257f) 22 %
7 —THIL, an4 FEHBETFEREL K, ERI[MP T 110°C, 24 BEEEILL 2. Lh%
2.5 RED n-~¥ ¥ UPIcEA, BEEFIEY, FEHIBULEER (80g FHY) 24U THVI,
#5 5it 3%x30cm O-EERO L OEHV 7 u < F POBRBEILEZ e +5°C OfiA%ZEL,
FBRRE T TIT- 120

WIS 2g 2HRAIZUAVBO Zunskva - 27 —0v (2:1, v/v) BWiEELTH 5 skl
n-~&¥% - —5J0 (95:5), (80:20), =~F)N, Zunkih - -xﬁ = (7:1), (1:1),
(1:4) % 400ml KK Zunkis - 24— (1:10) 40ml T FEH% 170, HEHKRE 20ml
TOREL I,

MEIOQMNSTA— T 4BHS L v u < bick HYHEINTHIRERS OWERIZ Wakogel B-
5 7~ % 110°C, 30 HiEMALL, PHEERSRIE -39 - =~ - B (90:10: 1,
by vol.) %, VBRI nnkovn - 487 —ob - B - K (25:15:4:2, by vol.) %2/EH
KETIHMB I v btk > TiTolze

HZHOTMIST(— EHEVBRMIZOEE, voF RV 7Y €5 4 Fid 2N-KOH
7oA~ VBTG REL, HMEEREE LI, U7 ARV TAFAMZAFANELTHAI 0
< NWTICBEL, FR5 ISR ORE BT o 1o B3 KGL-2 2w zFr oy ) a—
N T OVUEEY) X5V dmm X 2m i X o THWL, MpREFEREET R X 5 M iR ek
O o 5 B (o -

ZTOMOATE RIEEORRMIZEESD T, 3 vHRM: Wos itk - TiT- 1,

#H R XU ER

RIERERD 7 OBRE, 2 v#RM% Tablel 1 RL 2o MIEEEII AR, MR 100g L
1.60g Tho7bDH 10 HET 1.52g &P, 15 HE CHOBEMT 2B LUEEEB LB 2RL T
W3, UL 50 ALAE 100 BiZi3 EREIBAED R <, 1.56g »»5 1.20g /s b# 25% DD %
FRL T3,

FABHII AT ML BRESBIORKRIE, ZO—fFl% Fig. 1 X Fig. 2 wmRLIzCEL
fr.1 RALAEBRTZAF a0~z x50, fr. 2 V05 €5 4K, fr. 3 WEEIEDIEE, fr.4 XFu~
W, fr.5 KpEEIEY VBB, fr.6 ¥ 77V, fr.7 v FL R fr.8 ZOMODY VIRED 8 K4
‘C%E[Jl/f:o '

HHER S BT 100g %9 % mg $& U T Table 2 «RL, MISHE, JEY v IBEK S,
) U RERSY, RO CREREAMERSBOE/LY Fig. 31, TN IZV 54K, LY

Table 1. Extracted total lipids and its properties

Days l 0 5 ‘ 10 ‘ 15 20 30 50 100
Total { g/100g of
T ( fioene’ ) | 1.60| 1.60| 1.52 1.68| 1.60| 1.46| 1.56| 1.20
Acid V. 12.6 | 19.0 | 25.6 | 18.0 | 16.3 | 17.8 | 24.1 | 38.4
Tod. V. 164.6 [167.9 [156.5 |166.8 |164.1 |161.0 |160.4 | 143.8
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A
i Solvent system
1) n-Hexane—Ether (95 : 5,v/v) 400ml
2) " (80 : 20) 400
100 1 3) Ether 400
4) CHCls—MeOH (7 :1) 400
5) " (1:1) 400
6) " (1:4) 400
7) ” (1 :10) 440
g h
o 504
D
= )
0 L] L] L L] Al Al
fr. 1 fr. 2 fr. 3 fr. 4 fr. 5 fr. 6
<—————  Non - phospholipids Phospholipids

Fig. 1. Typcial elution pattern of silicic acid column chromatography (0 day storage)
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Table 2. Yields of chromatographic fractions (Values as mg/100 g minced tissue)

Non-phospholipids Phospholipids
Storage| Total | fr, 1 2 3 4 5 6 7 8
days |lipids
HC | Tc | FFA | FS |Others| Cep | Lec | Diner
0 1.60 33.6 731.2 68.8 | 100.8 | 100.8 | 171.2 | 366.4 25.6
5 1.60 9.6 740.8 | 113.6 86.4 56.0 | 134.4 | 382.4 75.2
10 1.52 57.8 442.3 | 150.5 | 150.5 | 372.4| 115.5| 174.8 54.7
15 1.68 25.2 519.1 | 199.9 | 147.8 | 409.9 | 121.0 | 218.4 38.6
20 1.60 | 89.6 435.2 | 110.4 72.0 | 433.6 | 171.2 | 233.6 49.6
30 1.46 40.9 550.4 | 105.1 | 128.5 75.9 | 144.5 | 305.1 122.6
50 1.56 96.7 589.7 | 117.0 60.8 | 159.1 | 234.0| 210.8 93.6
100 1.20 44.4 288.1 110.4 | 207.6 98.4 | 133.2 | 213.6 | 104.4
HC : Hydrocarbones SE : sterolesters TG : Triglycerides
FFA: Free fatty acids FS : Free sterols Cep: Cephalins
Lec : Lecithins Ph-L: Phospholipids
fr.l 2 3 4 5 6 7 8
non-phospholipids phospholipids
n-Hexane-Et,0-AcOH CHCl,-MeOH-AcOH-H,0
90:10:1 25:15:4:2

Fig. 2. Typical thin-layer chromatogram of lipids fractionated
on silicic acid column
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Fig. 3. Yield of various lipids from bluefin tuna
» total lipids
o mnon-phospholipids (hydrocarbons, sterolesters, triglycerides,
free fatty acids and sterols)
a——» phospholipids (cephalines and lecithins)
x——x others in non-phospholipids
a--—-a others in phospholipids

Fr, 7)) RUCEBEBEDOEL?E Fig. 4 iRL 1,

Y URREEOEGII AR 0.56g O DH 10 BHTEL VA ZRL 0.35g &2 h, T4bLK
39% WA T D, £0D% 30 A BERBATEMT 555, Lk, B0 erEI T3, VMR
BOK 65% 2 EDBLLF 2R 0.37g DI0BHET 0.17g /297 52% 4T 5, L L
50 A LAMEIZFEA E BRIV ED 6T 43% HETIE-Tih, ZORHROGLA Y77 ) VK
DRV HED bhiz,

#Y CIEBER M5 HBLME, RECBRPLTVAEY, LREOK 73% 2HYD 2 (RIBEON
46%) + V7Y € 5 A F OB RIERBOELEBERIL R ERL T 3, 30b b AHKF 0.73¢
DrY2Z V%5 4B 10 BRETHELIBOL, 0.4g L h# 40% BT 5H, 2D%50 HEE
X icinT 553, Z01% 100 BL3MOBEIHURLEL S BOIL 0.29g &b, FBREERD
#1 6196 HAMRL HREREZRL T 3,
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Fig. 4. Yield of various lipids from bluefin tuna

o

o triglycerides
& lecithins

&

o free fatty acids

WEREREIARRIZ 15 H B CHEL < BMU 72250k, B L, 30 B EBMBIRFAA & BRI ED b h
200, :

Table 3 Vv F, Y'Y €5 4 F ROBERBIEHBR S OIEHBERTUZ, F¥X7a< k4
Pz & - TR SN AIRROIBRBALR D & BIRE 2 MR T 5 ISHRO LS FELRD, 3biC
VYFCRNVZY €5 4 FOREYSTREEB, Chuck T 5 IRIMER RS, 2 IEROM
el 100g 12t d 5 mg ¥ & U TGRUZOVBENORETH 5, Chicks & 10 HETELWED
BTIIVLFURFMIS VS AR TIEELIC 16:0 KX 18:1 BERMBHA T 5 & O OHDHE
¥Th3, _

10 B, 15 H B CHM% 5 3 EHEIEIEK 2Ok 10 HE T2, & {ic 22:1, 22:6 8BS, 21z
ISHBTH 16:0, 20:1 KU 22:6 AL CIKELLV. UDLLYFY, FYZ V€54 KDRKS
BT R % A 5 10 B B COARBBIEBRED 20 5 RO MERICH UIEV 01, T DR
TOFRBERH ) Y IRRESBVEL - THML TO3 20, —BY-ROBE/ -V L54FD
BRLL 126 Db, FHR—EER-TERESEOWE 25T 5 b O, RIZBEORKA, 2
D RAEDBD Y 5 B T—HAERIENIERY S & CHRL, SEMIEMRICILL RRE 8 ZA 505,

Lovern Y i34 5 (Cod) 57 4 ~L —BEROBE, Ficv v F o WS EREIEITE & K¥ME ) o 8L
BRICHEL, VTV VERECRY-, /-7 025 4K) OCE A EPEBOERIIED b h
BOEREL TV EY, EEC MBoru~ by Sabb2ns hEWE 2HET 5 & B HRTH
o1
- RITERGERIENTRO — B BEK L HAB R I LB A 5 L £tV Tl ANDERSON 55 3
B 5 —EREE BRI RS N (T57E) T4uL, 7 DNSHREOBIE, RStk hEER R 5
BEREIHAL BARBILOBEE 25 0 & 2WEL T B, 72 HamosHL® |13 HREISIRE % %
FT B, ROB= 27 LT 3RARDOCTIHEL, RAD= R Fuibigiz ~18°C D&M T2
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Table 3. Amounts of fatty acids (mg/100 g minced tissue)

Storage, Days

0 5 10 15 \ 20 30 50 100

TG* 120.4 | 180.0 77.0 | 107.7 87.0 | 114.3 | 144.3 74.3
16 : 0| Lec* 155.2 | 112.9 70.6 93.7 82.5 | 112.1 84.2 84.5
FFA 41.7 50.2 55.4 66.6 40.4 38.5 41.4 52.1

TG 39.2| 24.7] 24.1| 30.8| 19.6| 22.6| 46.2) 20.8
18:0 Lec 21.4| 36.5( 10.0| 10.7]| 17.3 8.3! 11.5) 12.0
FFA 8.1 17.4| 11.4| 14.4 8.6 9.6 | 16.0 9.3
TG 181.9 | 194.2| 118.5| 161.3 | 123.7 | 149.6 | 143.8{ 42.1
18:1] Lec 48.3| 75.8| 83.2| 82.0| 43.4| 42.4| 38.1| 36.3
FFA 85| 20.1| 25.3| 380.4| s80.1| 22.9| 2.6 139
TG 89.6| 73.4| 75.8| 69.0| s2.5| 60.6| es.2| 39.6
20:1]| Lec 5.9 5.4 1.3 3.0 1.7 3.1 2.5 3.7
FFA 1.2 3.6 4.5 7.4 1.9 4.4 4.2 4.2
TG 70.0 | 66.4| 41.5| 49.1| 48.3| 52.7| 53.6| 33.6
22:1| Lec 2.1 6.2 1.3 3.3 8.0 | 14.4 2.5 3.7
FFA 0.8 45| 16.4| 16.6 6.2 6.7 — 1.1
TG 25.2 | 33.9 4.7 3.5 3.3 11.1 2.3 —
22:6| Lec 7.2| 19.8 — 3.5 7.2 28.1 0.8 0.5
FFA 3.9 —| 15| 2.2 5.4 3.9 — —

* TG-Fatty acid (mg/100g minced tissue)==
| . . 3 x FA-MW
TG Y*eld mg/100g minced tissue) x Z " "~

(mg/100g )X MW

Lec-Fatty aeid ( ” )=
' 2 x FA-MW
Lec Yield « 4 X FA-MW

( ” ) Lec-MW

FA-MW=56108/Fatty acid neutralization value calcurated from GLC data

ERETEDN S, TERIMSETRE, kUi o AL 4vBOCL 3I3BERERIE,.
& ICHETIET I B TEOCESRBTEOR-BBRESES BRI L2 HBELT
Whe LORIEDPLVLFLRLY LY £S5 K HSBEEL RO —RREARE OBSE
FRCEPINI LD 55 HEEHRS, ULHUFRROCE < 10 H B CORIBREDORY, =2
URMOBA R OBMOHEKD 5 AL, S I EYBRORES I ARNMREICBARS N
ZEROBEBC L HMEEERLIZADEER OGNS,

Fri B3 30 Hiwz 3L Y VB8R, LT 16:0, 22:1, 22:6 el & T5 LV v F U H5HEM
%0 50 HETid 16:0, 18:0, 20: 1 B2 ET5 Y2 €5 4 RBETWMT 5, L0M
Y CIRRARBESDBEL L BPLTRY, itk b I RERBYERBERESHLVVFUR
VIRFVSY S5 4 FOBFEASRBITONIhOBIERERL TVEY, HREHBRESOINGE
HBBBDL TN &, RUBIED Havosu 58 OIHT 2 C &L, BEMBET TRz X7 vk
EYHBALRDR TV S L 255 ThTEY TIREESROTEEIRM,. #&, 30 /2L 50 A
MIOHEETRIC & b s By, TREL BRE-RESAHETRL T b OHBRETIN
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AN, HOICHHINTRIIFBRCIAIDEEAONDG, 20BHZBYTUR, LvF oMY
V54 EBHL IR LT L RIEROEISED 5 his 0l KR EX O E
WEe L HIC0ABETRIFIZ YV SARREY 77 ) L ORMEBEATHIBRTHS 5, 508
PBSMETHFY 7V 23 4 RREY 77 Y b b OFERMTEEL, 35 cBbN I ESHBHE
PR Lz BAICaIBRMOBDEBEOHEKENCIFERICLZIEDEEALNS,

100 B B COEBER S OIRIRERIZ V7Y £ 5 4 FidEr 16:0, 18:0, 18:1,20:1 KI* 22:1
B, Lo F it 16:0, 18:0, 18:1 Ep, F 72EREASTEEX 44 16:0, 18:0, 18:1 it X > Th»oh
T3,

KR, APREELICRET, L b SEARERENEL IBER 7 « —v —PIRARLE»L
DRL BT CIREOESAONE, THbbYEAT « —v —KEFEDHS, BULDLLSR
Bic, 1 AR TARICIEESEE, #58BE THENIES Y, 68MD ) TEMICENT 5. &
B O, ROBICIERDOAETEEDERIIBD 5T, - T OR/IPHEEL X b —BHP
PIABINTLERIN IO L O, ROREEMERBICEIEL TUEIRRTHSIEVS
Z k% LovERNSY £ OLLEY® (3341 TV 303, ¥H 5 ORBREM, T/40b b MR ERIEEDS
BRAT P UFSOBED BN TH, U 5~10 A B CRABZIERI VA 50 30~40 H THK
BN, DMBEET R bA Sz, COMPOEL VIREEDIR—SRAEMEEOBAZRICE S
B¥ L #2112 h% LoverN & OBERENMEL (it Rk Y ,e—¥ B DK, R id YUurRKowskiLHS D
BETACEEASHY TV o F F ~¥iEE, ROBLINSK® 5 D=0 v XY S v FF —¥iEl
BU v FF —FEEORRE LB LD 8, ROARBRIEIC Ch b BRRVRIEI NS 5 LD
T L E DS T ARMRRC & b BRRIIEAHET, D TE»EAL P TURBIRE > T
2DEEASH, Th OEHENENSROBELEALNS,

-4 »

1) EWER > < u (Thunnus orientalis) JRLA % SR (—20°C) LR O BRRELEZR
U6

2) ALl oBHOIEERESTHE ISV ESAPRFVLFUREEIOABTELY
SEHED S NAA T 1~ —~DIERRFEOBA & Ro IRFERL 2

3) LERKETHIO 100 HETCIZL v F it DK 43% », +IZ V54K 134 6196 WoRE
LTh, COYDEISERRIENEIZE 16:0,18:0, 18:1 L X o> THYD b nBETETURIR
BBRAEBD NI T,

4) WRAEEORE, &< CRBAZSORS BRIV - BAREAGBEERE ROEERD
RERREEORES EORVSEOBELEA LN,

X 3
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