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Changes in the Lipids of Jack Mackerel Muscle
during Low Temperature Storage

Cuing-SrUNG WU and Masamicul TovyoMIizu

Laboratory of Fisheries Technology, Faculty of Agriculture,
Kyushu University, Fukuoka

i El

BEES XCBEB AN OB L LTR
{FIREhTHE. ULkL, BEEFERPCEEIENL
U, ZOEEYISRRORECE LS EBEEZ5C
tRMREZ LhB. FizE, Lovern & (1959),
Bligh and Scott (1966) 1%, DIEATHS 27 DH
BRI B sk 53 L C sk Ns iR (FFA) %
4L, @ FFA BWEREHEICEET2EMELT
V5. ¥, BEAIRBNTE, BEEIHIBRES X
P RR & 2 > THARBEEE D L CEEZEE
ZEHUETWBC LR XL ASNTHAE. LizdoT,
AROERIrETKSY 3 FEELOWERARDOR
BRBEEZRTT 3. 0REETH 3.

Kb B 0RGEREPICEY 380 icBEL
TRDIEATH 2 2 7ROV THBRIEE L ES
hTwa. Lovern & (1959) i, # 7 PEKET 3
L SEETY VIRED 0% BafEsh, 2hll ko
HMEIETES, <OV VEFEO T TIE phospha-
tidylcholine (PC) < % phosphatidylethanol-
amine (PE) T B4, FEONFIK X 3
FFA OHER © KT V)V VIEE K& 3 & RNT
5. Dyer and Fraser (1959) &, % 27 RGO
) > R DMK Y V EE D 60~80 % RS
ha&EkL, T olic —12°C < 158/, —
18°C = 30 JEMT BEd 3 & e LT s, Bligh
and Scott (1966) &, # 5% —12°C R L7
ACH, TEENIDOEFEELLTCPE & PC Th3
EMRNTUWB. F7-, Lovern and Olley (1962) i,

165

27 @ 0°C FFETRIKSHD BRI RD OIS
M, BT EFEHRED oS LRy, Y
VIEE Ok ic k3 FFA oHmibs 0°C kb %
—TCTRTHBEEHB LTS, —F, SiEAKD
W TiZ, Bosund and Ganrot (1969 it, = v oD
—15°C ABEHTCORENBEED 0 %13 ) VI
B, 30 %1% triglyceride (TG) T332 &35 C
W5, X5ig, HElL (1967) 4y <7 ol
—20°C, 100 HEEiTI3 PC 10 TG zhEh
43 %, 61 B FBENIEBRRTNE. LT A,
ARTORERBERMABEEEFLCVE0T, H
WO XS kFEDIHIC, BEMILSETL, B
BHOEEELREREEI GRS, 20X, BH
bk, AROEREBHOREELICEEBLLEX
KANT, WNEBCAFEREISN T S~TYVEH
WT, ZOFEBRIFETH S5 TG, FFA, PE, PC,
sphingomyelin (SPM) 35 X ¢ lysolecithin (LPC)
OIERITEEIC B 328 & RE & ORIV TH
BARfTIE DI,

E - R~

2l Bfi= 7Y Trachurus japonicus * WisH,
WiEBRZE Lictk, ZHicEIL, REREDICEERE
MmER &y, ERiCEL, thioBMsgRRY
¥V VRICAN, BIERETHERL:. 040k
BEBEIOLAAGMRIEEARbERICLOTEL
30T, EEREEERL 2HFERIROKRES T,
DI85 T H— AR OMFHIBALE AV, 2SR EA
ELT2H20IRIBDEEFEYL.
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50g of muscle
homogenized with 250m] of
CHCl;-MeOH(2: 1 v/v) and filtered

Filtrate Residue

homogenized with 200ml of
CHCI;-MeOH (2: 1v/v) and filtered

Filtrate Residue

homogenized with 150ml of
CHCI1;3;-MeOH (2: 1v/v) and
filtered

Filtrate Residue (discarded)

Combined filtrate

washed with .58% NaCl soln. in the
proportion of CHCl;-MeOH-H,0 (8:4: 3)

Lower phase Upper phase (discarded)
dehydrated with
anhydrous Na,S0,

Extracted lipid

Fig. 1. Folch’s Method for lipid extraction
from jack mackerel muscle.

IEE ol Folch & (1957) o HHBc LT
CHCl-MeOH Ei (2: 1v/v) %, Fig. 1 o
ECIE OMMZTIE ok, %1, 7unkVAaiFK
D—BB L OTLIEEEERD .

EEOAES LURER: WERSYOTE., ’E
BiEEs o~ (TLC) %M. # 200 mg/ml
Dy unkVAEERE LIgESE» 5 5~10.1 (B
BEH1~2me) 28EIc X2y + L. Jembkig
Boaukiciy, Wakogel B-O © 0.25mm #E%H
v, Skipski & (1965) oFHc & —REREE S
1T isopropyl ether-AcOH (96: 4v/v), —“IRE
BEYA#E & LT petroleum ether-Et,0-AcOH (90:
10: 1v/VEF V. BT 05X, Wakogel
B-10 » 0.25mm g4+ FHLy, Wagner & (1961) o
Fitic & b BN & LT CHCl;-MeOH-H,O0 (65:
25: 4v/V) 2. BE O 2o ic, #HKR TG,
diglyceride (DG), monoglyceride (MG), chole-
sterol, X UFIED 5 OEERSS Uiz PC, PE 2R
ELTHW . %, 73 /%% ninhydrin 3, =
) % Dragendorff X3, ¥i% diphenylamine 2,
%, Y v#% Zinzadze BRECHM L. 7, &5
BOBEBLIUF R 7 oBfiOlHdOR Ry P OBRE
ITid, #h# h 2% a vH#R-EIOH FEhBL00.2%
2/, 7-dichlorofluorescein-EtOH % % v 7-.

gEEOEER: TG OFEX Vioque and Hol-
man (1962) oFtic ko7, TLC ToHEELEk TG
vy ArvESicrE s, Tvh Y hydroxyl-
amine FRFEAhn%, ferric perchlorate HETHRE
WStk S30mp OBEEEZHELT 2R TVED

£ (pmole) Zkwpiz. T OHED % ic TG Ot
FE 887 2% UT TG EXEH L.

) ¥ ERE oFE B X Bartlett (1959 @Jkic & o7z,
TLC THEELe ThZTho YV REE,EXED, B
B BB(LKZRTIKIMEL /I, 5% ammonium
molybdate 3 &' Fiske-SubbaRow I #jnz,
100°C TRESETHS, 820my @ RXE % HixE
L, UV& (u8) ZXR¥7:. COfEK 25.4, 27.1,
23.7, BXUN16.9 21T, #hEh PE, PC,
SPM B &U* LPC EX&EH L.

FFA OEZRIRIHRE HiEE L, 0.1% sodium
diethyldithiocarbamate TH# &+ 2 Duncombe
(1963) oFHickotz. A © BIEEREE 0. 05~
0.5zmole T% 205, TLC THEE L7 FFA Tt
Bl REEE DT, 2~10mg OHMMIEE %+ 8% & L
Joo AETRY VEEL R T505, 7 IRE%:
10ml o CHCIl;-MeOH (95: 5v/v) b L, E
LU lg 0¥ ) 5L TY VIEERBRELR,
FE LK. 2007l O »mole fiic FFA O3
BFE 2852 T FFA E28EH L.

D OERTNTRA0gHD mg ETRDLL
7-. cholesterol DEERZTRbRIL DI

HR OO MEC & BIEIREBEROANTE: X7
o= T OFMLED 7 D * F ik A.0.C.S.
i (1969) itkotz. Fibb, TG BXUEY Vg
B3t Aqkts, BFs-MeOH TxFn{L, FFA i1
B BF-MeOH T F 4L LT, #R7v<7 bET
MFLte. BERLEAR7B< 7573 B GC-
4APF (Hydrogen flame ionization detector),
column }} 10 % diethylene glycol succinate poly-
ester (60~80 mesh) 2m, 4FiFRE i 150°~200°C
#4°C/min), AMKILEEE 300°C, N, gas O
it 50 ml/min, H, gas O¥EZ 40ml/min TH
Dz, BEMETEEIROY — JEREREL T,
TeRERER AR D .. 2 oM EidFE—Ek< 3 BT
DI AEROIHGETH 5.

B, 200°C ER T, & R, s Hof-
stetter 5 (1965) @ equivalent chain length &
ZHER LTI O,

FEEBILOHESE: IBEOBIEEE LT Cu: B
ORDBAERE Lz, Cuie BOBDRI FEEF - 8K
1971) BRIFUIH R 7 02 METRD, Cuie BRI
(o= (1- Gl ) 100 THb L.

0Caz:6, Crei0: FFEEHICE T B Cazg, Croio BROY
— 7 .
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+Cazie, 1Crezo: Bt BicBU 3 Cozs, Cisro RO
¥ — 7 Hits.

ML XUER

L v7VHAOKBERAEEDEERE

-7 YV ROFERICE T 3 I8EE(LERHNS OITE
b, AEESEERICT S TR0~ TYLERSD
ORJGTER 20 Lz, £ 0#ERI, Fig. 21RL
ThH 3 Lo, EEEREELTE TG 0ildd» FFA,
cholesterol psiafis 745, DG, MG ZRizh
hote. EHIEE L LTk PE, PC g SPM,
LPC st d -8, MEREOFERFD o hEhr
S, L L, RERTHWHATLC TR PE L
phosphatidylserine & O EEREIPZ T LD BIFT
BHpD7DT, ELBEE ST 3 phosphatidyl-
serine {3 PE & U THIE L.

< TVEBRROLIEAER, EREISDHA
RS> TS Eup, Table 1 K REHTY
2X5iIC 20%B~13.5%Chot. HA 100g o
) vieEA R 0.63~0.80g TAKEEED &K
EBERIATIEL, €0 87~89%w PE & PC
T50, Lhrd PC 4812 PE L2 K2RBLT
EEhot. chicdlLT, TG 4BO #RIIKTH
y, Fig. 3 wRT X5 LFEaEE TG E2ELD
BB IZRABERSRD bhic. TRbL, <79
HOARESEDEER, WEEETH3 TGEED
ERIESLHOT, MBRETHZ Y YREEERK
BB S Tz ofz. E#E S, Bosund and Ganrot
(1969) & Xo* Bligh and Scott (1966) #zhTh

Solvent
front
o0
NL
o0 | e |
W | W |Cholesterol . . PE
®|@ |srm
(] ] LPC
. . PL ] o Origin
Non-polar lipid (I) Polar lipid (II)
Fig. 2. TLC of non-polar and polar lipid

extracted from jack mackerel muscle.

(1)
Adsorbent: WAKOGEL B-0
Developing solvent:
1st step: isopropyl ether-AcOH
96 4 v/v)
2nd step: PE-Et,;0-AcOH
(90: 10: 1 v/v)
Indicator : 50% H,SO,

cmd
Adsorbent: WAKOGEL B-10
Developing solvent:
CHC1;-MeOH-H,0O
(65: 25 4 v/v)
Indicator : 50% H,;SO,

Table 1. Lipid contents of jack mackerel (mg/100g muscle).

Muscle TO‘E‘%I’M TG [ FFA | PE | PC | SPM [ LPC

. 13.5 11700 2 170 &0 | 63 18

12.5 11400 36 160 530 83 31

di 3.2 2060 43 160 550 66 27

Jack ordinary 3.0 2090 22 160 440 65 21

ack ) 2.8 1830 23 160 460 37 10

mackere 2.0 1090 24 160 460 32 13

b

ordinary 7.4 6170 64 140 410 71 10

dark 20.0 16800 200 540 970 110 51

C ordinary 5.1 3920 25 130 390 55 15

arp dark 24.0 20400 77 270 520 85 23
: ordinary 2000 17 146 382
Herring® dark 10000 48 561 952
ordinary 18 13 161 475
Coa? dark 112 151 576 | - 995

1) From Bosund and Ganrot (1969).

2) From Bligh and Scott (1966).
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Triglyceride (g/100 g muscle)

0 5 o 15
Total lipid (g/i100 g muscle)

Fig. 3. The relationship between total
lipid and triglyceride content in jack
mackerel ordinary muscle.

HELIaL, =vYBIUE7 EERN O PE, PC
THEB L= 7 VR ER CEAPIED Shicidm o
T, TNSDHES T VHATOELIZERL
THo. bk Lovern (1961) gkl i
L EBE—HKLTE. Lipl, FFA &8, %
ORI R TR DA, EHOMIKRTHY, &
JEE4E L OBEENED bz, M5, MER
TRAREEEPEEARALDOEL, TGEERE
wEhoTzl, PE, PCEESLFH(L, &Kk FFA &
EWE»OT.
O 27JHOERERCHITILERNE LUMER
DigEZL
AlEBAERRICT S IBBO=TURE 5C, 7
PG, EEAEMER &Y TREELER
~, ZIEOBRERD EGE% Table 2 IK/RLTH
5. TG, PE X0 PC i3 8] ohic ¥ % RL,
FFA & LPC @#gmlz. zhooi(kEail, m
SHRECBVWTEBRIDERTHDROT, Bl

MESEESEORVAMERICB O THLMICKRTS
D, ETAN, EBATHMERNTS TG, PE &
LU PC o icxtd 3 FFA B30t LPC o
RAEEL MOk, THEFE®ROERE/ w75
LACREBERTOMERNTS DG, MGORE v b id
£AL{BRHBENY, LPC o¥igd HEN, man%
BLTHNTHD, PC 5 LPC TEETBHRBIED
FhefEmshsd. ChbZRAELTEZLS L, 5°C
B2 IR BEREH KX 2 DHEOIEMIC
FFA Z4ARUBOVEERIESBEL T b0 EH#
HENn3. coX>BFRIERIC L2 MKIRERE
BRALICES S RBEEAKIERNTEBRID 139
ETE 3 C &, MERPERCFENICTRSLEE
RITT 3 ¢ & B XVIRERILE{Z#E S 5 myoglobin,
hemoglobin, cyt. ¢ WEEEFBRLD D EERICEH
LT3 EnOUROBERTHLENVZIS. Ll
BHS, EREEPICED 3AROEERLAEI
THICYEDT, MERNDOEEE~TYATEEBEARND
3 EEAB T ERENOT UTORRE HEALY
ANGEE LTHR k.

oI 5°C iF(cHiT R EEZEE
LIEEEEDRBE LOEILIEEEEN 24 5T
b5 2RO T VEBAOD 5°C, 10 BRIk
% AL OFEYEE Table 3 KRS, MBOX
31 TG, PE X0 PC 25l L, DG,
MG oERERAED SN2, TGOEENRELKR
THokPS, MOREBEATSY, PC, PE OB
BRIhk20TN3. AREEREEFO lipase
X * phospholipase o JE¥ 13 Olley & (1962) i
koTHo»IcEShi-. Lovern & (1959) i3, # 5
TRKFEFOREELRETIC ) VIEE DMK ETH
n, Lxad PE BXU PC OIKDESE CHEET
BOl T EEEHLTOEY, EESOEETE PE
DFPEBEPPRTHD. T, TG, PE, PC
iU, FFA, LPC o i iz # L h&Eie
», TG, PE, PC ORE/DIIE IIAKDE LD B

Table 2. The difference of changes in lipids between ordinary and dark
muscle of jack mackerel during storage at 5°C for 7 days.

i Ordinary muscle

Dark muscle

Lipid classes remaining rate amount changed | remaining rate amount changed
(%) (mg/100g muscle) (%) (mg/100g muscle)
TG 96 —210 83 —2120
FFA 160 + 19 149 476
PE 89 — 15 75 — 114
PC 86 — 59 33 — 151
SPM 95 — 3.3 122 + 23
LpC 162 4+ 9.0 170 4 32
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RELBE LTINS, O EEHALR
g B 7-0ic, WHEIRICE 3188 O IEIEE R
% GLC <Hl5E L, Table 4 itk LT %. Table 3
Bb % oh B EEN%D TG, PE, PC % Xxu FFA
& & Table 4 TR LU IrREIR ORRIFRER E D2 S,
TG, PE, PC i % i} 3 Cus, Cisioy Caoss BED
Cu BORDESE FFA KB 30 5IE®R O
BRELE B LT Table 5 K ;RLT&%. Table 5
IGREATNS X5ic, TG, PE, PC it 3 Ciso
BoREDE 43.3mg/100g muscle 3L, FFA &
UTHRE e Cuono BRI -, TisbB 4.9 me/
100 g muscle &2tz ol Cuo BRED
DRI IR BIC X B DTiRIEL, TG, PE, PC

R LT 3 EEREREARILSNTLE DI
YickEgiciE TG, PE, PC & LcHiishzdho
728, &30z TLC © TG, PE, PC & LT/ X
NP LK EZFELTH, ChEAMBERC &
M Crs: BTHIEHINS. ThdDT &5, B
B DA UKDIERIC L Shic & BREh
A. %7z, Cu B3 TG, PE, PC KB B3HALE
O 1_18 L# FFA & LT HR Shishoik 0T,
TG, PE, PC ZFdTo B{LRIsc ks ko
THRENT: Coie BOKLT BRI ENIZC EER
LT 3.

TG, PE B XU PC Ok ERIO Bk, $i5b
B, CHOEBR L T3 RENER 0 Bibic & 3

Table 3. Changes in lipids of jack mackerel ordinary muscle during
storage at 5°C for 10 days (lipid content 2.4 %).
s Content Amount changed Decrease rate
Lipid classes (mg/100g muscle) (mg/100g muscle) (%)
TG 1460 —130 ! 9
FFA 24 4 15 .
PE 160 — 30 19
PC 460 — 50 11
SPM 35 + 31
LPC 12 + 13

Decrease rate of Cyu 17.5%

Table 4. Percentage composition of the fatty acids in lipids of jack
mackerel ordinary muscle before and after storage at 5°C.
TG PE PC FFA
Fatty acid®
ow 109 0 10 0 10 0 10
14: 0 4.0 4.3 0.3 0.4 0.4 0.2 4.3 2.3
15: 0 0.7 0.7 0.6 0.7 0.2 0.5 0.5 0.6
unknown — — 0.8 1.1 tr tr tr tr
16: 0 21.0 21.0 6.8 8.6 23.5 21.2 29.7 30.5
16: 1 7.8 7.9 0.8 1.1 1.2 1.4 4. 4 4.7
17: 0 2.0 1.9 1.8 1.9 1.1 1.3 1.8 1.8
16: 2 1.2 1.2 1.3 0.9 tr tr 0.6 0.6
18: 0 7.9 8.3 20. 4 20.3 6.1 12.4 15.5 13.3
18: 1 20. 1 20.7 6.0 6.2 8.5 8.9 16.2 14. 1
18: 2 1.6 1.4 1.3 0.9 0.6 0.9 1.6 1.2
20: Od) 1.2 1.3 0.3 0.2 tr tr 1.2 0.9
ég;i”) 2.4 2.4 0.6 0.3 0.4 0.4 L4 L1
20: 4 2.0 1.8 3.2 3.3 3.4 3.7 3.4 2.9
23: 0 1.6 1.7 tr tr tr tr 2.6 1.1
20: 5 7.2 6.9 4.4 4. 4 8.1 6.4 3.5 6.4
22: 4 0.9 0.8 0.5 0.6 1.0 1.1 1.0 0.7
22: 5wb 1.6 1.6 2.0 2.0 2.3 1.8 2.3 1.3
22: 5w3 ! 2.8 2.8 2.0 2.1 2.8 2.5 0.6 1.8
22: 6 ! 14.5 13.7 46. 4 44.5 40, 6 37. 4 8.7 14.9
a) The number after the » denotes the position of the ultimate double bond relative

to the terminal methyl group.
Fresh fish.

Fish stored for 10 days.
Combined 18: 3 and 20: 1.

[="Xeley
N
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Table 5. The relationship between the decrease of fatty acid in TG,
PE and PC and the increase in FFA of jack mackerel
ordinary muscle during cold storage.

. 10 days at 5°C (mg/100g muscle) 35 days at —5°C (mg/100g muscle)
Fatty acid Decrease in ‘ Increase in Decrease in Increase in
‘ TG, PE, PC FFA TG, PE, PC FFA
16: 0 43.3 | 4.9 ’ 42.1 42.1
18: 0 9.2 | 1.6 ’ 23.7 17. 6
20: 5 21.2 i 1.6 51.7 13.8
22: 6 67.8 ‘ 3.8 140, 3 52.4
Table 6. The oxidation of lipids in model L, TG, PE, PC pilicxtd 3 FFA OERREES
system at 30°C for 7 days. 7 5°C kKB 3 XD b KTHOLDD, BILOBE
. Decrease rate [Amount changed i3 5°C Ko d/phsnEitflahsd. zocdix 5°C
Lipid classes % (mg/g lipid) i -
KB 5 Cue BRBDEN 17.5% TH27DITHL
TG 11 —87 T —5C 3 3% Tho2l&hbdd EEENS.
Fra - e Table 7 5 x50 —5°C, 35 AR BATRICH
PC 5 — 4.0 3% TG, PE, PC, FFA 4E L0 Thale 8 jcik

One g of extracted lipid was added to
4 g of Celite (No. 535) which was used
as a support medium.

TG, PE, PC ORRLICK T 2 et RE 50
I, S~ 7VRALSHAMUIIEE 18%, TKTH
L7z 4g @ Celite & X {EEL, 30°C, 7 HE
BUTERE L. ZDfHE%E Table 6 iT/RLT
5. Tibb, KkSEELE S THIROEERLIC
k3R IZ PE, TG, PC OFHICE L, HEEBRILI
LTk PE RO REETH D,

IV. —5°C BeRfrplo sl 2 EZEE
AREEENRESE LN EEAEEEEN3. 05T
»3 2880~ 7oEBRO —5C, 35 HEFBICE
BB OEEE Table 7 itikd. TG, PE,
PC ORESHHEOHIKED LN, il DREDERR

5°C 0)%/—5~ (Table 3) & iliﬁbf H{J) i TG

@¥ﬁ%%ﬁﬂ?é&mfﬂ@%§ﬁéf€mzw
% X IO %E < ] EE{&—FQ ﬁb%ﬁl wl.\b bﬂf._ L/fJ)

Table 7.

LT3 % 2 h o QBB RS & EEREEIEHHER O 5
Dg&L FFA KB 2N o IEHROERE EEEH
L7z, Table 5 t/RLTH B L5, CuoBBD TG‘
PE, PC ToRPE iFEAfmé&g&—&bt
2, Cuso B3 BALEOH T 720 L FFA & LT
BEhgho/t &b, Cuo BOSED BRENI
B0 PE ORI X ZFEOHRBEN, 0T &i3H]
iﬁ@%?lb%ﬁﬁ@%%&“ﬁ?% F7z, Caue BRI
TG, PE, PC TORILEDK - ﬁﬂWA&LTi&
X 7z. Lovern and Olley (1962) 3, =4508
FHRRT, V) VIEE © kSR —4C KB REE
BH2EPFELTHNE. —5C IR, 5°Cickk~
T, BEETKIZ2BEEAEFORMC, ik
BKOAERIC & S35 MRS I X 2 BERIERRED
RIS 2 SOERMBES T2 EZEA6N3, Ch
X0 HEEETICK ZBRIMGISRSA & BE%E
BlicbotEZohs. F/, £FEEE35%T
53 1 BZRO=7YVEBRO —5C, 35 HRkrEICE
i BB E(LATR LYz Table 9 ol Tik, TG 0F

Changes in lipids of jack mackerel ordinary muscle during

storage at —5°C for 35 days (lipid content 3.0 %).

s . Content Amount changed Decrease rate
Lipid classes (mg/100g muscle) (mg/100g muscle) (%)
TG 2090 —280 13
FFA 22 +168
PE 160 — 40 25
PC 440 — 90 20
SPM 65 + 13
LPC 21 4+ 23

13%

Decrease rate of Czyg
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Table 8. Percentage composition of the fatty acids in lipids of jack
mackerel ordinary muscle before and after storage at —5°C.

TG PE "PC FFA
Fatty acid®
o» 359 0 35 "0 35 0 35
14: 0 3.8 3.6 0.2 0.3 0.2 tr 2.9 1.0
15: 0 0.6 0.5 0.4 0.9 0.2 ir ir 0.3
unknown tr tr 0.9 0.7 tr tr tr tr
16: 0 19.5 21.0 6.5 10. 2 25.1 24.7 22.9 24.8
16: 1 7.3 7.0 1.2 1.2 1.0 1.0 4.4 2.8
17: 0 1.4 1.4 1.4 2.3 0.8 1.2 1.7 1.0
16: 2 1.0 0.8 1.0 1.1 ir tr 0.8 tr
18: 0 10. 6 10.4 17.7 22.0 4,2 10.1 16.7 1.2
18: 1 23.4 27.1 10. 3 7.8 9.3 11.9 13.9 12.4
18: 2 1.2 1.0 2.8 1.0 0.8 0.9 1.1 0.8 -
20 Od) 1.0 0.8 0.5 0.3 tr tr 0.8 0.4
18: 3 2.1 2.0 0.8 0.4 tr tr 0.7 0.7
20: 4 1.7 1.4 2.9 3.4 3.5 3.8 4.2 3.0
23: 0 1.2 1.5 tr 0.7 ir tr 2.7 0.9
20: 5 7.2 5.8 4.2 4.2 7.7 7.0 6.3 8.0 E—
22: 4 0.8 0.5 tr 0.4 0.9 1.1 tr 0.4
22 5wb6 1.0 1.0 1.4 1.4 1.8 1.8 6.4 0.9
221 503 2.7 2.3 1.8 2.0 2.5 2.3 1.3 2.3
22: 6 13.6 11.6 45,1 38.7 42.0 33.7 12.3 29.1
a) The number after the @ denotes the position of the ultimate double bond relative

to the terminal methyl group.
b) Fresh fish.
¢) Fish stored for 35 days.
d) Combined 18: 3 and 20: 1,

Table 9. Changes in lipids of jack mackerel ordinary muscle during
storage at —5°C for 35 days (lipid content 3.5%).

.. Content Amount changed Decrease rate

Lipid classes (mg/100g muscle) (mg/100g muscle) %)
TG 2560 0. 0
FFA 21 + 77
PE 170 — 73 43
PC 400 .—176 44
SPM 68 0 0
LPC 15 + 14

Table 10. Changes in lipids of jack mackerel ordinary muscle during
storage at —25°C for 65 days (lipid content 3.4%).

.. Content Amount changed Decrease rate

Lipid classes (mg/100g muscle) (mg/100g muscle) RCH)
TG 2490 0 0
FFA 27 +53
PE 140 —20 14
PC 460 —70 15
SPM 70 . —14
LPC 22 +16

Decrease rate of Ca:g 2%

{Li3@D s hishores, PE BXU PC o R

BHETH DI

V. —25°CERPICHETIEREL
FHEHEAE 3 4% 028 M O <7V EBARO

—25°C, 65 HRiFEh itk 3 IWEE(LO EHlEE
Table 10 ic/rd. TG OB IRED 51 F, PE, PC

ORPICE B> T FFA @#EmL 7.

TRb b,

—25°C 0 & 5 13{EEFE Cd phospholipase O7E#:
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ﬁmwbﬂt®wﬁbf(%a@ﬁ@$igﬂﬁz7
-, WHBRLOEEIEEALRDbRY, PE, PCO
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Smmary

The changes in the lipids of jack mackerel, Trachurus japonicus, muscle during low
temperature storage were studied by using thin-layer chromatography for the separation
and identification of lipids and using gas-liquid chromatography for the analysis of fatty
acid composition of each lipid.

First of all, the relation between total lipid and triglyceride (TG) contents in ordi-
nary muscle of jack mackerel was elucidated. Thus, the total lipid contents varied
from 2.0 % to 13.5 %. This variation was due mainly to the TG contents, while the
phospholipid contents were relatively constant.

The storage at 5°C for 10 days and at-5°C for 35 days led to the decreases in TG,
phosphatidylethanolamine (PE) and phosphatidylcholine (PC) and to the smaller increases
in free fatty acids (FFA). However, no accumulation of diglyceride or monoglyceride was
detected and the small increase of lysolecithin was observed. Comparing the Cip.o, Cis:o,
Cy:s, and C,.; amounts decreased in TG, PE and PC with these amounts increased in
FFA, it was concluded that during storage at 5°C the most of the decreases in TG, PE
and PC were caused by oxidation before their hydrolysis, whereas during storage at-5°C
these decreases were due to their hydrolysis and oxidation of PE, and some of free
highly unsaturated fatty acids which were liberated by their hydrolysis were oxidized. In
model system, PE was more susceptible to oxidation than TG and PC, this indicated
that PE was more unstable during low temperature storage of jack mackerel muscle.

During storage at -25°C for 65 days, neither their appreciable oxidation nor hydrolysis
of TG cccurred, so the increase in FFA corresponded to the decreases in PE and PC
and the small increase in lysolecithin.



