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Lipid Metabolism in Fish

1. Comparison of fatty acid compositions in gilled
fish and impounded fish

Kenji Havaser* and Toru TAKAGI*

Abstract

The purpose of this study is to elucidate, if possible, the selectivity of the fish
in utilizing its fatty acids of lipid stores as energy sources. The fish examined
were gilled fish and impounded fish of true sardine (Sardinopus melanosticta) and
young yellow-tail (Seriola quingueradiata). Gilled fish caught in the mesh of
the set net bag underwent excessive exercise, while impounded fish were free
swimming in the same bag.

The average contents of total lipids in flesh showed a little difference
between gilled fish and impounded fish for both true sardine and young yellow-
tail. While in the liver of young yellow-tail, the contents in gilled fish were
somewhat higher than that of impounded fish. Pointing out of the obvious
differences of lipid characteristics between gilled fish and impounded fish, in the
case of true sardine flesh, it showed a decreasing tendency in phospholipid contents
in gilled fish. The acid values for neutral lipids were remarkably higher in gilled
fish.

For the fatty acid compositions, little differences between gilled fish and
impounded fish were recognized in those of neutral lipids and triglycerides for
true sardine flesh. The same was true of neutral lipids in the flesh and the liver,
and of phospholipids in the liver, for young yellow-tail. However, in those of
phospholipids in the flesh of gilled fish for true sardine and young yellofw-tail, the
contents of 16:0, 20:5 and 22:6 acids varied widely, at 20:5 and 22:6 acids
decreased, while in contrast at 16:0 acid increased. F¥rom the results, it was
inferred that fatty acid metabolism in flesh phospholipids of gilled fish and im-
pounded fish might be distinct. Polyenoic acids such as 20:5 and 22:6 acids in
phospholipids were utilized on the components of cell membranes or those of
mitochondria. In addition, it was presumed that these acids played a possible
role in pressing energy sources by a distinctive metabolic pathway.

In an additional investigation (June to Dec., 1973) on impounded fish alone,
the total lipid contents in flesh varied seasonably, but the phospholipid contents
remained nearly constant in the total lipids (see Fig. 5). Although, in the fatty
acid compositions of phospholipids (see Fig. 6), (20:54-22:6) acid contents varied
widely as compared with those of (14:0-4-16:018:0) and (16:14-18:1) acids.
These results showed that phospholipid fatty acids underwent a metabolic
variation.

* JbiEE Ak i b sgkms (Laboratory of Chemistry of Fish Oil, Faculty of Fisheries,
Hokkaido University)
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AEOEE = A V¥~ L UTHRISEE T3 ], ERE(OWELLHLPIRINATVS

P, 7 OEEAZHC Y TEFBROFHADOBREC DV TRESH L LI TV, —F, R’
BOEL, R BREEESTIO ‘XL X RGOS BB T e BAms T 31D,
35 RHED 5V AFOKR S ESD B4, PHBE EHEEE ofRger b, YUBR
(EBIEE) L2873 EBMEINTL B9,

REEDHEE il WU EENC & o TREIEEIAD, AARTERIZEE OMEEHTELR 2 3%
L35 IBRVREEES 2T, BOEEICHEL > TZOEHRBEL TREMRILED SIS, T
DX 5 RETEIRAED =i ¥ —RBc BT DL Bbhi, FETE, AKED ES
SRR B O ITT A BHb 6, w4 9% (Sardinopus melanosticta) 807 VHR
(Seriola quinqueradiata) Z3REMT AV, BEERRFRL IEFIL AL BEOEXRALOWT,
200 DOHRE I RTBOTERE, FYF U R) FEIEY VEEOIRRRERKR 2 BHRETL 72,

—7F, AEOY VBRI -EOSEETRTESMOENTV B, ZOIRIEER L —ETd
50, BERHBORLS A7 v HRPRBE L TR,

® 23

RERDT A TR INT VERIL, TR0 AANLER2HRT 2 HH»5, ZhEFN1973
£7H, 8 QEMHEFOLBBCRBINIIEEEL B, COEBRETRERE (@~5a.m,)
1 EDERL 2EBL 12, FRHCEEL TRBOBEKEEBBANTERL T8, Bl AIRE
BREOBHITHILEDENTT TRREEL T HTH S, w47 vOHA, WECRILIEDSQ,
FIARTOLRL HTICHU T, 23, HEIHEIL IED 5 T 5 ORRFERIC OV TIRERT
Azt otodd, MHILIC L 3 BRNESRHRRU LU TR, RBADHER, hE, EEELE
iF iz, T, BRORBEHET 1973 E6 A~12 Al CTREI Iz 4 7 v OEHFHRES
R2LEFNFNRLTH 5,

Table 1. Biological measurements for gilled fish and smpounded fish
of true sardine and young yellow-tail.

Bod, Bod,
No. of Lengt?lrl* Weig}?t* Fatness
Fishes om g index*
Impounded fish 10 18.1 76 12.8
True sardine Gilled fish I** 10 18.4 87 13.9
Gilled fish T1** 10 18.2 6 12.6
.. | Impounded fish 7 17.9 114 19.8
Young yellow-tail Gilled fish TT** 7 15.9 80 20,0

* Mean. ** Gilled fish I are alive, and II dead samples.

RBFHE
RO L A BRAORBIRE LBCLEHRESEL, T, JIFROMRI, %
NENRTREPELTruudia-x2 7~ (1: 2, v/v)1 X h LigEEMBELI, $72, 6
H~12 B (1973 ) w@ahiiv 4 7 v HROLRKR, 2hFh 2~16 BF2% AL THIRK
HHU THI,
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Table 2. Biological measurements for true sardine caught
Jrom June to Dec. in 1973.

Bod; Bod;

Day and No. of fishes lengtﬂ* Weigh};:* F_‘a.tness

Month om g index*
28, June 15 17.7 8.2 4.2
13, July 15 17.7 73.3 13.3
27, July 15 18.0 75.8 13.1
12, Aug. 14 17.1 69.0 13.7
25, Aug. 16 17.9 79.3 13.7
14, Sep. 15 18.5 87.4 13.8
26, Sep. 15 17.8 73.0 13.0

7, Oct. 7 17.8 75.8 13.5
31, Oct. 2 19.2 83.0 1.7
14, Nov. 6 18.1 7.8 13.1
11, Dec. 15 17.9 80.3 13.9
* Mean.

hERE ) REOSE £RE0 SBE (Wil %, 110°C, Shrs iFHALL ERE (v V>
Zuy b)) -S54+ 545 (FOEMZER) (2:1, w/w, 940g) DHSaZu<ts 57 4~ Thif,
Zwuuokiva (J400ml) TPREREER, BN TAF ./~ 200ml) kb VU EEZHEL .
F7z, RBle A4 7o OEHIL A& BERADPEIREO®RMM & A7 L aaER2HEY LT,

PSS EY FOFE RE 4 7 ZOWT, BRI AL BRAOHA TR E %, 110°C, Shrs
HEHALL 1-Em (BAE(GER, 100mesh, F 100 f58) OHFLZuebs 57 4 —iThlf, 4% =
~FN-ANF P TRILASRE, X7V 227 VEZBHIRIZOE, 10% 2—~Fb-~F ¥ LD

Table 3. Total lipid, neutral lipid and phospholipid contents, and

Part Total lipid Neutral lipid
%* (range) | %™ (range)
4.6 3.5
Impounded fish (3.85.4) (3.2-4.9)
True sardine Gilled fish (alive) Flesh (3 g_g 5 @ :_,]i 5)
Gilled fish (dead) (2.50.8 (155.9)
Impounded fish 14 0.7
mpornded 1 (L2-15) (0.5-0.9)
Flesh
; h 1.3 0.6
Young yellow-tail Gilled fish (dead) (1.0-1.4) (0.3-0.8)
Impounded fish 4.6 3.5
Liver
Gilled fish (dead) 6.0 4.5

*10/, to wet weight, mean. *:Mean. *9/ to neutral lipid.
(3 g P:
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FY Y Y FERD2BHDEL I, 20dEx—F VTHEEXT Y, JEMERZ EBEHINI,
FYSF Y Y FESN RSB BAL TN E 2 BB a< } 257 4 — (HEREHK: 20x20cm,
WEA: va~»u B-5, 250p, FEME(L: 100°C, 60min, EBEIEAE: ~*9¥ o -~x—7 L-FiE (90:
10:1, v/v), BRHEIK: 15% Vo2 VT FUoE-x & ) —~ UK THEEL T2,

BRRAEE AR FHERE, VYR YK, Y CIREOIRIERERE, BB TENRFhOES X
b B REENEE BF-x & ) — 12 T 2F VLU BB X F V2 HFA I v 557 4 —
(GLC) 5L Tk iz, GLC D&M, ¥22u<= 15 57: G8 & (FID HiHigs, k),
BT h: ATV ZAPUFE Bmmex1,5m), FIEAKI: 109 DEGS (Chromosorb W AW, 80/100 mesh,
H 2y aTEE, ERELXOREBEALREE: 190°C, 240°C, Z# (¥ + Y+~ FR), AkFEBL
PFZEZODFE: 0, Tkg/cm?, 15mi/min, 0.6//min Tdh %, IRIHBHERIZE SR (wt9) THRbDUI,

L] R

Bl AL TEAROEBROMR HbElv4 vy . 7IBFAOENL AL BERKADT A, RO
BESHER, THREE YU IRESESE, BIOA VL BATHIBEDO Y Z ) ¢ Y FEEE, B
fll, AT ALBEROITERER 3ORT, ABARR LIORLIZ X S CERL A, KA b
HIFFAIL KRNI D O R HtL 1203, HHORBEERII~ 47y, TIERE bEKECI?
EFETORTY WD o1, BRI A FXKAFOKHEE & 5 A2 2D REEHROTHET kL 12
P, MEBCELVOERIBD A o7, UbL, 7V EADHFROIEESERIIEHL Ak
WTE» o1z, PHIEEEL Y VIBECOWT, PHIEESER/Y VIRESEER (NL/PL) o ek
3%, ¥4 7 vHAO NL/PL BIBBRAD 3.2 iKxtL T, LA (EFEH, R Tzhs
n4.6 570FEREAL, CORKERI, BHLADY VIEEBRBIL THB L EEFLIY, TY
EROBHAB I CFHET, NL/PL Wiz MBROZERB B bW -, <4 7vE T VERD

characteristics of neutral lipid for gilled fish and impounded fish.

Neutral lipid
Phospholipid Ratio*? of
%*' (range) NL/PL Triglyceride 9,*3 Acid value*? |Unsap. matter 9,*?
(range) (range) (range)

1.1 3.9 91.7 3.7 7.8

(0.9-1.2) . (86. 3-96. 5) (2.1-5.4) (5.0-13.5)
0.9

(0.7-1.0) 4.6 - - -
0.7 5.7 82.3 10.3 6.9

(0.570.9) - (70.6-93.7) (3.9-28.4) (4.8-11.3)
0.7

(0. 6-1.0) 1.0 - - -
0.6

(0.5-0.9) 1.0 - - -
L1 3.2 — — -
1.5 3.0 —_ - o
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BRORESES, THEK: Y VEESERPAEETHEL T3 e hs, ABICIZELR
bhiz,

247 UHRAOFHIEREDO R L EEE (FHE) 12, Bl A EXKAEITRERLRI Ih
ST, Bffi (CEE) 1286 b I@HL ALBC THIETH 572, < OMERIL RITRT % RN
OB, ERUC: 288 s ERERL I AEEBDS S, 1, <47 oBROPHE

. r
Neutral lipid

60~

so

40 -

30

20

10

AT TaF

14:0 16:0 16:1 18:1 20:5 22:6 Satu. Mono. Poly.

Fig. 1. Contents of major fatty acid components, and of saturated, monoenoic and
polyenoic acids in flesh neutral lipid (upper) and triglyceride (lower) of impounded
fish ([C]) and gilled fish (dead) (EEHH) for true sardine.

sor
8o
701
60
S0
401
301

20

(||| [

14:0 16:0 18:0 16:1 18:1 20:5 22:6 Satu. Mono. Poly.

Fig. 2. Contents of major fatty acid components, and of saturated, monoenoic and
polyenoic acids in flesh phospholipid of impounded fish (1), gilled fish (alive) ()
and gilled fish (dead) (g§#H) for true sardine.
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Neutral lipid
70
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Phospholipid

70 [

60
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10

ol ) )

16:0 18:0 16:1 18:1 20:5 22:6 Satu, Mono. Poly.
Fig. 3. Contents of major fatty acid components, and of saturated, monoenoic and
polyenoic acids in flesh neutral lipid (upper) and phospholipid (lower) of impounded
fish (J) and gilled fish (dead) (§#H) for young yellow-tail.

0

Neutral lipid
S50

Phospholipid

50 ¢

50

40

30|

20

10

L 18
16:0 18:0 16:1 18:1 20:5 22:6 Satu. Mono. Poly.

Fig. 4. Contents of major fatty acid components, and of saturated, monoenoic and
polyenoic acids in liver neutral lipid (upper) and phospholipid (lower) of impounded
fish (C1) and gilled fish (dead) (fHE) for young yellow-tail.
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BECRYZ V&Y FEER (FIHHE) 3HRIL £ 82.3%, KA ILTY Tdb, BECIBNTE
ETH o720 UL, BETOMIZ YV €Y FEERZEMTE &, ZRFNF 69%, #170% T
HYPMEIIAZARTH -7, O LI, BHILATHIIZ Y2 Y FBBERINIIOTEL,
BERRRTRRDIEIIC X 2 4Bty s & B A bR B,

BRIl AL HARDIRIE GLC Atk hRplzed v, 7YV EACHR T IZIZFRO SIS
B vV 9%Y R, Y UREORFRERD S, BRI AL EKAROZEREZROHTIY, 2h
FNMERF OB SEROE EEIETERS L O, €/ Uik, ®Y 2 UvBOVEEEERS
HBLI (M1~K4), =4 7 BHROTHEBES LTI S V2 FigkT (K1), rYY
Y FCELZEIMEEROBY, €/ 2 BEEROMMERLI, UL, <47 HROY
VIEETI (K2), ERL AL ERARC EETERP ED L, T4abb, 16:0, 20:5, 22:6
BEHRO BEH K&, @HUAT 20:5 22:6 MEEFRORPA & 16:0 REHERD BMOMEMN =
RU, ERILA (EER) EKALERILA BCE) oFMoE: 2o, i, fAfme: €/
2B BY) B O BER IR, BERMA55:19:26(%), WERILA (EFER) 69:19:12(%), ERIL
A ECR) 83:14:3(%) %7RL, MEHUAT MMM EARIE L, ®Y = BEERBPIL T
Wiz, ZVERGAOTEREE YV IEETIR (K3), BHLADTHEEET BT, 16:0 BEH
ROWM, 22:6 BEFROWDOB JOBRFMEFROMM, €/ 2oBER) 2 UBEFROBD 2
RUTIH, ZOBBIRCITNLEDITH 12, UL, YV UBERBVLTI, <47 HROY VIR
BORLIE FEOER, T72bb, BHLAT 16:0 BREHRD 8N 20:5, 22:6 BESERD ¥
B ICHIBREEROEME # ) 2 BEFROBIBAD NI, TIEAGRDY VREICE
U3 oM, T4V COBAREEETIIho b, CHIEFRRLI- LS KIBESER, BIT
FHEERE ) VIBEEERY, MENTREZICEhLOARBIRESEL VBDRE, 36, TV
BOTERE L Y VIREIC 80T (K4), BRHLAOTEIECEN» e = BEFRD B
LY 2 UBEFROMMY, T, Y IRETET 18:0 BEAROBIMED b0z, ik
B, VUiREE bRl AL AR CHEESER 2RI b 512,

VA HAERES LU L BEEIR B AR ORI R K5 i 1973 26 A~12 Bit B TH
WINT= A 7 HHOREEERBLICHHIRE L V v BEOSERZRL TH 3, FM5»5H

% o
10 b ain

28 13 27 12 25 14 26 11 31 14 11 pay
June J\_xly Aug. Sep. Oct. Nov. Dec. '73

Fig. 5. Seasonal changes of total lipid contents of flesh; neutral lipid ((—J) and phospho-
lipid (IEM), for true sardine caught from June to Dec. in 1973.
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ol //\u/u—n\u.u T
%,W:x

10 |

ol + + + —
28 13 27 12 25 14 26 11 31 14 11 bay
June July BAug. Sep. Oct. Nov. Dec. '73

Fig. 6. Seasonal variations of (14:0+16:0418:0, a—o), (16:1+18:1, o——o) and (20:5+

92:6, »——e) acid contents in flesh phospholipid for true sardine caught from June to
Dec. in 1973.

L5, w47 LHACIKESERIIBNNLES 2RI, YUREEERII THI3A
OIEE (R T0,4%) 2B &, 6 A~12 Bithid T 0,8~1,1% © RIF—EDRIHT
SHEING, Tubb, BESHEROFIIEL U THEREOEBICHEL T3 e85, &
1o, Y U RBEORRERIC OV T, HENESERD BV EBEENBO SFRAF Tabb,
(14:0+16:0+18:0) B, (16:1+18:1) B, (20:5+22:6) BRSHRORHNES 2EURL 2D 6
Thb, (14:0416:0+18:0) REARIL 34~43%, (16:1+18:1) ERSHRIT 17~24% OFHETZ
NENEHL, ZOERERE EETRIZEBTH 28, —F, (20:5+22:6) BEFRIMZHE
OEBEMEIZRLY, ZOEEKS 16~33% L RThH -1,

% ®

BRI ic & 5 REEB R RRL AL AR (e 4 7VBR) T, Y Y IRRORIBEIESED 5
N, CDY L REOBE, =+ (Clupea harengus) % 4 7 AFEHRIRBIC < &Y VIBEH
W2 LD, EIREREL 1245 7 v X (Oncorhynchus gorbusha) OFFMITED, MBEED &
YOy (0. tschawitscha) DEGRIBE? TiBWWT, +I5 YY) FORDERRRCY > BRED W
BB ENHREREEUL, Tubb, ThoOBRIE, 8D 3VRAFOK IV UWES
OELE, PHRE (EHRE oRSTmAT, YUIBE EREE (ESTsCEETRULL
boEtELALNS,

312, BEODL, 8 REESHIIO X MR EEORRIEIC S EET 5 L EpAs
RTU S, Saddler 5D ik 475 (0. keta) % ABHTCHEAKED b WABR~EATEE, ZOD
BRFERMERRIC 31 T, 2005, 22:6 MAARIZBEIL, HxEIT 16:0, 18:0, 18:1 BREFRMHEMY 3
T rRED, CHIZEE, BRRES L KR~ OBAIR L 5 RIS EIRL s ‘AL R E
BT b D EHERL T2, Krueger 52 ¥ ¥ % (0. kisutch) % 52cm/sec DIBES FET
& 59cm/sec DEFHE T v < &, BIH T 18:1, 16:0, 16:1 BEERBMIT 545, HEOWEKTE
BRI TIE, 22:6, 18:2, 18:4BOR Y =V MEERBRIT 5L L 2RO, &7, fPEER
HEABOREBIC I &, ) U BRI3HERET 505, ERMOIBRTIIRY = B8 #RFI 5L
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BEBL TN B39, Ths MR BEES 2 ARL IH@HLAD Y & IRERITEMERIT 0T,
20:5, 22:6 BEERSBOEMERL I L 2HRELS L, R 2 BORHIKRREODZL L
%/;J—wﬁl/ 120

SEOERERD S, BEOEKES : ATOX 3 CEHES TRENOIRRAH I MESDH D,
BHILAROBR Y IEED 20:5, 22:6 OB BE S C L2, Ths RBIEY BROFHAIN
Ao rEbNI, Tabb, VLEEOHY = (20:5, 22:6 8) IZMAE, LI KFYTE
X OERERS E L TOBRE DM, BERE (RFL ) gBTid, 86 GERORERER
B3 BB TRANT 2 VY ~HROBEZH S bOTRIZVHEEAGNG, Tk, BRHEERS
RIZS v FOBBEEZTI, FYZY Y FORHBL D Y CIREORIESEEL THRSTH L
WOEELRE® 3T B,

22, A TCBADY VIBESERIE, HRNERIEL TIZ—FEETH - 128, Z OJEIRE
RITEHEICEEL T H, & it (20:5+22:6) BEERO TEIROK L i, YV EROMR
BHBRHSE L —TE T3 { RBHBHL TV 3 T & 2RRL T2,

#bi, MRAORECCEETS - bl LET RRE-BRCBHEL 7,

3 3
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