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Lipids of Masu Salmon-IV.

Changes of lipid composition and fatty acid composition
in flesh lipids of juvenile masu salmon in the
early stage of sea water life

Toru OTa*

Abstract

The lipid class distribution and the fatty acid composition in each lipid class
of the flesh lipids of the juvenile masu salmon (Oncorhynchus masou) in the early
stage of sea water life were investigated, and were compared with the previous
results with regard to the flesh lipids of river-caught juvenile masu salmon.

Squalene was a major component of hydrocarbons in the flesh lipids, but
pristane which was not detected in the flesh lipids of river-caught masu salmon
was present as a minor component.

Triglycerides in the total lipids decreased at the early stage of sea water life
and increased at the end of June. The content of phospholipids in the flesh did
not change much during early life in sea water (about 800 mg/100 g of flesh).
In the fatty acids of triglycerides, the ratio of (18:24-18:3) to the polyenoic acids,
C,¢ and Cy; acids decreased, while the ratio of total w3 to w6 fatty acids, C, and
C,, acids increased.

The fatty acid composition in sterol esters contained more 20:503 at the early
stage in sea water life than that in other lipid classes. Palmitoleic and oleic
acids in sterol esters increased; on the contrary, 20:503 and 22:6w3 progressively
decreased with the growth of the fish in sea water.

It was considered that the fatty acid composition in the flesh lipids of the
juvenile masu salmon in the early stage of sea water life was rapidly converted
from fresh-water fish type to marine fish type by the effects of marine environmental
factors and that sterol esters played an important role in lipid metabolism.
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NBNTSW,

EERIAFVRTEET 2 BB TRE 3 SNBERIOEE & AJHO FHERD S OREERL L&
DOEFEICDWT, ¥ 2 5 < A (Oncorhynchus masou) % 3EtE U ERTRHIL THRzH32-2, #JI
THERLILY 2 7 < 2GRCEOT 4 FCREL 1254, ABERESFA)IL LB~ EELTI
LoDy - v XL FEHRICENDOIEERS b FORB2ZU TAEREILTS L BAONS5DT,
LDERHL»ITT 3 BTERE CREKERDHOY 7 5 < 2 ARMHNIEED IEEMHRR & BRI
RERAN, 35 EBENOY 25 < AOAGAREDIRERD & bHBL 555, WREFIHIT
BBV 7 < AHARERS DEENCEL TRIFL T2,

REFHE

REBELCERORE: ZRICML 129 2 5 < 212 1972 4 5 A4 & Thicduiss LT,
FFE 6 AT AItEE B EOREINETREL 2, FRCOVTEE, FEPHEL %R BN
X 9 Bligh and Dyer % TlgEZ2HHL 2,

AT 74— EESERAOIY ARSI LIS S5T7 4~ (CC), IREBRSDHIER
BRCH BB u< b5 7 4~ (TLC) 3D & FROFETIT- 12, FRERSHERD TLC
BYa—-»wB-5DEBFL~ b (E0,25mm, 20x20cm) %2V, 110°C T 60 4L,
HEHRRA % n-~F ¥ -2 Fobx ~ FOoU-FEEg (90:10: 1 F 7243 80: 20: Lv/v) TREAL 2, BRHRAE
1210% Vo2V TF UL & —~ VEERRE RV, RILKkE, AFu—VBIEHBO ¥ X0
2 k57 4~ (GLC) it X 2438742 109% DEGS #1563k 2% OV-17T # 5 6% FHL, 257
0~ VidEEEE = X 7V, JEHERRIZ x FA T ATV EL TR, WD) ERIBROEBTITo 2.

HREIUER

ERSBOEY: REAOKE BESIOHATORESEY X 1LIORT, W#D THL I
Utck 5 e R ORERY 7 5 < 20 BRGTO JRESER 1.9% & WJIREE (4.2%) O M 1/2
Tholohd, HAREEGHOS ARg8LI0THATIR 20FNn 1.5%, 1.4% & EEaTL D $ 36T
SESELHELT A EABED SNz, 2IHAEENEBHZAL Y AHO 6 ATAVD TR
LRXY, BATORESES 2.7% LMLz, COX 5 BEKERNHOKRESROBE
44 (Chum salmon)? ®# 5 7 + v X (Pink salmon)?? &I 3EBERKRTH Y, EEREVE
2Lk 3AEOE BHSBIC/HFREICHET 3 o CRERHVERL 2, BEN =
WE~FEELUTHEAINACEMRRALEAONS,

BRAROLEH: #2i¥ s 5~ 2BRIRED REMRERT, &2 RLIIBERSO EbK
TLC itk % YR » S, Vo AT RAFN, DFLNVFY) ) NVr—FUBIORI7Vva—
ZEBHBERSELTEINI L E¥bh o1z (”1),

Table 1. Body length, body weight and lipid content in the flesh of
the juvenile masu salmon.

Date of catch

May 16, *72

May 30, *72

June 22, ’72

Locality Coast of Kamiiso Coast of Samani
Number of fish 9 7 2
Sex Female Female Female
Body length (cm) 16.1 14. 4 23.9
Body weight (g) 56 41 191
Lipid content in flesh (%) 1.5 1.4 2.7
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Table 2. Lipid class distribution in the flesh of the juvenile masu
salmon (as per cent of total lipids).

Lipid class May 16 l May 30 June 22
Hydrocarbons 0.1 0.2 0.2
Sterol esters* 0.6 0.5 0.4
Triglycerides 24.9 19.0 50.9
Diglycerides 2.2 1.8 3.6
Free fatty acids 3.8 10.3 8.3
Sterols** 4.6 5.1 3.6
Phospholipids 57.5 60. 2 28.9
Unknowns*** 6.2 2.9 4.0

* Includes small amounts of wax esters and diacyl glyceryl ethers.
** Includes small amounts of fatty alcohols.
*** Monoglycerides may be present.
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Fig.1. Thin-layer chromatograms of each May 16 N
fraction in neutral lipids separated A
by the silicic acid column chroma- 0 10 20 30 min
f}Ogl'&Phy. 1;6‘clo'CImin &‘C 200°C -
1: Hydrocarbon fr., 2,3: Sterol ester
fr., 4: Triglyceride fr., 5: Diglycer-
ide fr., 6: Sterol fr., 7: Free fatty
acid fr. A-Wax esters, B-Diacyl
glyceryl ethers, C-Fatty alcohols,
D-Unknowns. WAKOGEL B-5
(0.25 mm), Activation: 110°C, 60
min. Solvent: n-Hexane-Ethyl
ether-Acetic acid (No. 1-3 90:10:1
and No. 4-7 80:20:1 v/v)

i

Fig. 2. Gas liquid chromatograms of hy-
drocarbons and sterol acetates in
flesh lipids of the juvenile masu
salmon.
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BRItk 2AFu-—r0GLC Itk 25MRERIZ, R2ERTIIRILKBTR A VLo ME
BRI TH 5, 20ELFNMOY 25~ ABEBECHRBCRIb 127V X2V b HFELI,
L b 7Y 22 3KERO BESRRT 3 RO ENEL 23 EHRABED b Iz, #kERTM
OH I S<ARAGHFS 2 o2 nWMELTEY, 0L 5 B{LARHORSEL TS Y 2
UHBRHINIDIER, I BEROBERZUINIBRLEEINGO, FlexFu—ida
L AFu—VREERNTH -1,

IRGEBEROEN: FREBERSFOEHBERERICRT, Y7/ YV I LSS )€Y FOD
REAERRAAR I BRAEEIL T b & / = U BEMSHRNMCET 3 L b Hu, ThicxtUERERER &
YRR TIE 16:0 L, TV UEEPD 22:603 RBCEEETCH 12, AFu— NI RAFIVOD
FERAERREARIZ 16:1 BASF Y 27V 2V F, 22V %Y FOBPSEHELL TS, 16:0, 18:1 2 Xk

Table 3. Fatty actd composition of lipid classes in flesh lipids of the
juvenile masu salmon (%).

Fatty Sterol esters Triglycerides Diglycerides |Free fatty acids) Phospholipids
Acid |'agx+ B+ c*| A B Cc|A B C|A B C|lA B C
Saturated acid
12:0 1.1 2.7 1.4) 05 03 02| 1.1 02 03| 03 Tr Tr| Tr 05 Tr
14:0 1.6 1.7 66| 5.2 49 B5.7[ 44 43 57| 2.7 3.1 40 19 L5 2.2
15:0 0.7 0.9 20 06 06 05| 05 07 07| 06 0.3 03 0.4 04 0.2
16:0 30.1 36.5 24.6119.9 24,0 20.0 |28.8 25.8 17.9|43.5 37.1 35.0[ 30.1 32.5 27.0
17:0 2.0 25 1.4 1.1 1.4 07] 1.2 1.9 LO! 09 1.1 0.8 L1 1.2 0.7
18:0 2.4 2.2 53 46 53 3.9 3.6 43 3.4| 3.8 3.4 43 40 3.4 59
Total | 37.9 46.5 41.3 | 31.9 36.5 31.0|39.6 37.2 29.0 | 51.7 45.0 44.4] 37.6 39.5 36.0
Monoenoic acid
14:1 0.9 1.4 26| 05 04 04| 03 04 06| 02 02 03 02 Tr Tr
15:1 0.4 07 09| 01 01 01| Tr* 02 02! 01 Tr Tr| 1.0 0.4 0.2
16:1 7.4 10.0 11.2]11.6 7.2 87 89 7.3 98] 51 45 5.3 45 2.8 2.9
17:1** | 09 10 1.3) L1 07 08| 05 0.6 09| 0.5 04 0.6 05 0.4 0.3
18:1 10.9 11.5 14.2]23.3 20.2 21.7(18.1 22.6 24.8|12.8 12.0 15.9 11.2 10.3 138.5
19:1 03 Tr Tr | 04 04 Tr{ 0.4 03 03! 02 Tr 05 02 Tr Tr
20:1 1.1 1.0 10| 3.0 25 67| 2.4 2.3 69) 1.7 1.2 43 06 038 18
22:1 0.8 Tr Tr .9 1.2 42 1.2 1.4 87| 11 Tr 1.9 — — 0.b
24:1 Tr Tr 31 1.1 06 05| Tr 10 08| Tr Tr Tr| 04 Tr Tr
Total |22.7 25.6 34.3 |43.0 33.3 43.1|31.8 36.1 48.0|21.7 18.3 28.8 18.6 14.7 19.2
Polyenoic acid
18:2w6 1.2 1.4 2.2} 39 23 17! 23 <20 1.7} 1.5 19 138 1.3 1.3 0.6
18:3«3 | 0.8 1.2 0.9] 3.0 1.6 13| 20 1.2 14| 1.7 1T 1.3 L2 13 0.5
18:403 | 0.8 0.8 1.1] 1.7 21 23| 1.4 1.3 19| 09 0.9 L5 04 11 0.5
20:206 | Tr Tr 0.6{ 004 Tr Tr | Tr Tr Tr | Tr Tr Tr| Tr Tr Tr
20:306 | Tr Tr Tr | 04 Tr Tr | Tr Tr Tr| Tr Tr Tr[ Tr Tr Tr
20406 | 2.1 1.5 1.5) 1.0 1.0 06| 1.2 13 07| 1.7 15 0.7 2.3 2.6 0.9
200403 | 2.1 1.8 5.4f 1.5 17 12] 1.0 1.2 19| 1.5 1.6 14 L3 17 0.9
20:503 | 17.0 11.3 6.3 | 42 6.0 T.0| 5.6 43 5.3| 87 11.6 9.0 85 88 7.6
9152t Tr Tr Tr | 056 Tr 04| Tr Tr Tr | Tr Tr Tr| 0.4 — Tr
2503 | 1.2 1.3 10| 1.8 2.0 24| 1.9 17 17| 1.3 20 1.7 2.1 2.9 2.2
22:603 | 14.2 8.6 5.4( 6.7 13 9.0/13.2 13.7 8.4 9.3 1556 9.9/ 26.3 26.131.6
Total |39.4 27.9 24.4(25.1 30.2 25.9|28.6 26.7 23.0|26.6 36.7 26.8 43.8 45.8 44.8

* A-May 16, B-May 30, C-June 22 ** Trace *** Includes 16:2w4
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Table 4. Falty acid chain length composition and several ratios of fatty acids
in triglycerides of flesh lipids of the juvenile masu salmon.

Fresh-water* Sea water
Apr. 30 May 16 | May 30 ‘ June 22
Fatty acid chain lengths (9)

Cy2 0.7 0.5 0.3 0.2

Cia 4.9 5.7 5.3 6.1

Cis 0.9 0.7 0.7 0.6

(O 35. 6 31.5 31.2 28.7

Crz 2.5 2.2 2.1 1.5

Cys 45.7 36.5 31.5 30.9

Coo 0.3 0.4 0.4 Tri*

Cyo 6.8 10.5 11.2 15.5

Cyy - 0.5 Tr 0.4

22 2.6 10.4 16.7 15.6

» - L1 0.6 0.5

Ratios

16:0 as 9 of saturated acids 65.3 62.4 65.8 64.5
16:0/16:1 1.5 1.7 3.3 3.0
16:0/(16:1418:1) 0.54 0.57 0. 88 0. 66
(20:14-22:14-24:1)/Monoenoic acids 0.02 0.14 0.13 0.26

(18:24-18:3)/Polyenoic acids 0.6 0.3 0.1 0.1

S w3/ wb 1.9 3.3 8.2 10.1
* Data quoted from the previous paper®’ about river-caught masu salmon. ** Trace

VURREI BT AR B T35, 200503 IRBHEL 124180 5 AT 17. 0% & D s
3% HEENEL ST,

B2 5 < ZAOW) 5 A~ OBTIERICK 2 BB £81% bV 2 Y © U FEERIBIERIC 2T
H5 L, RAUGRTEEOEHERDILE 5 bbb X5y, HAE § 16:0 B i AXRE
Bhid 5 < MEEFERP D 16:0 DEIEIRHI 656% & —FEL TW 3, 16:1 45 X 08 18:1 i3 v E I D IEE
BhY, HE>T 16:0/16:1 L, 16:0/(16:1+18:1) HUZBIKL 120 T HITHL 2001 i3 BaF L,
35 22:1, 24:1 BRI IN, COBRERT ) U BEICHT S (20:1+22:1+24:1) Oz gAY
DIEI L B ~NEWNMBRRU T2, £ 2 Bk T E RN £ - 17 18:246, 18:303 (2B MWEHEL 17
WAL, 20:503, 22:603 FICHEEMUL Tz, COX 58 =0 BROEEHE (18:2+18:3) /a2 Y
T UBEBERB L Tud/Zeb 22 X O $5RINT V5, Saddler 51 1244 (Chum salmon) M
WU CREBRBAERRT €/ 2 BSBLT0IHL, #Y BT 5 & 2HL
PRUIZY, ¥ 25~ 205 L EHOEmZ R 12, .

Bkl EEARRBRIEHRI B 5 ARIZOVTR, TTRASh TV L 5 kAT
16:1, 18:206, 18:3w3 3£ <, MEEEMTIE 20:1, 22:1, 20:5w3 13 X ¥ 22:603 HIZLDIND_ 4 5 5
< AN D6 N L BB T B I REC R EEBRE B Db T Cie B L ' Crg DBV & Cop, Con BED
BRI, BREROY 2 5 < 2BREERMNIEINE S CORSY S TAEELT 3
LD LEZLN, R4RU EHBLOESIIIE T BRI RORA AT b HEAR~DLTO
BEZ2ICELUTVEERAS, : -

AFR—Nz 2 F VDRI 3 2T 3R~ X 5 RBHL 1 HTHIT 20:503 BH £, O
HENIFNIHD 32 5~ 2ABHBBT L RETHH, Ub 3 0)IEEEY 7.6% i€ U et
9.3% LERBRIOL TERME 5725, Addison 513 134 5 (Gadus morkua) HHROD EERL %
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TN, FYZYRY FehdD 20:503 BH37.3~8.9% THEDRKL A5 u—ilx X5 Tit 25 9~
21.5% r BERETHHLEHEEL T %, 12 Glomset!® 3 fiffhd av XFn—bx X508
Lecithin-cholesterol acyltransferase (LCAT) itk > CL ¥ F L D2 DB E 2L 2 F 0~ b
ERIND EBRNTNEL DL, AFu—obx 7 VIBRIEIHEROH T 20:503 33 LD ¥
FEROEBCFERT 200 LV, ISR AT a— = X5V 28R 2 BIBROES I O
TaHBE, BEVIHPCEERTD -7 20:503 ® 22:603 i3BHEHRO HEMNBET 2 & & B
THODIHL, 16:1, 18:1 2 XM 2 A% R T, i3I ZY v Y Fickl) 3 L
DORELBFEDEH L >T W03, LD I ZEHBROEEHE, 27— Dx X5V LORCIEIE
BORBIENREL LI E2AF MU REINS L% bR TEET L, BiELI
D TRIFEORBEVERTH 2 LHESIN, T ORHIOY 2 5 < 2ERICB T 3 IRERBtE %
Fa~ VL ZAFOUPBHBCEEL T3 §DEEA LN BZ1D8)

E #

WREFRFIICET 54 2 5 <~ 2BRBRORBEMRK L IEBER 2R~ BEaRORERS D
BT OOTRM LI, ZOREZPERTLLRDEBHTH S,

1) BRALABEOERIE A2 70 ThH 505, FAMNEOH 25 < 2BRETIBB IR - 12
TV R&L AEEL,

2) MUY Y FERRIBBESEOLS : ABECBEONICEOTRDT 38, MmE~BEZIIL
» AR ML 12, —F5, YV URERIRKREALSEENILL, K 100g +% 800mg Th -
126

3) FYZY Y FHERIEHED ST, Cre Cis BET (18:2+18:3) /14 ) = BRIl B
BBAU, Ch, Co BEB I T3/ Toeb Hidific gL 12,

4) RAFu—nz XFVOERENERI BORERSDZNLIZRLY, BREOHITII 20:503 5
£, 35, 16:1, 18:1 i3 WKEESEL L5 & & ITHINL, 20:503, 22:603 XM 572
E, FYTYRY FREBY 3 HE BHBROES L RYOHEMEZRL 2,

5) WKLEFPHIOY 2 5 < 2N 2REAORBMIERTHH, 26l YN RECK
EBRSUT, HAREBREVERIISEICHRKAEL S EEATAN L FHRTI 40 LBbh b,
ZLTCOROBERSIK A5 a~ b 2 F VBEECEEL THWAZ EpfEI N,

LORERKIICHIZY, FBOBREZ OO IIBEREKERRER BERCHER KL
9,

X [

1) Saddler, J.B., Koski, K.V. and Cardwell, R.D. (1972). Fatty acid alterations during
migration and early sea water growth of chum salmon (Oncorhynchus keta). Lipids
7, 90-95.

2) Parker, R.R. and Vanstone, W.E. (1966). Changes in chemical composition of
central British Columbia pink salmon during early sea life. J. Fish. Res. Bd.
Canada 23, 1353-1384.

3) XM FT.-E £ (1971). ¥735~<X ONCORHYNCHUS MASOU miEH. H18
ERBIACBE Y 597 77 29ADEES EB L URPRERO £8: Thb it Bz ¥k
DOYEicOWT, dpkkig&H 22, 151-158.

4) KE ¥ UE % (1974). 377<20OER-IL MITEET 597 7 < 2PAD BRlE
EOEMAZER). Hik3E 40, 699-706. )

5) kE Z- i@ % (1974). RAEIL BEScET 3 MIREEE X CEERY 7 5 < 2

— 35 —



12)
13)
14)
15)
16)
17)

18)

ok Kk E oKk # 27(1). 1976

HEOERMBEOHE. M 40, 707-713.
Bligh, E.G. and Dyer, W.J. (1959). A rapid method of total lipid extraction and

purification. Can. J. Biochem. Physiol. 37, 911-917.

RE@E (1933). J0EHEEY 7 7 < AOEEE. fHigRkE 5, 15-26.

AEEERER (1968). I TEOHAICOWT. & 7 15, 11-23.

Yamada, M. (1972). New observations on the lipids of aquatic origin. Mem. Fac.
Fish. Hokkaido Univ. 19, 35-136.

Avigan, J. and Blumer, M. (1968). On the origin of pristane in marine organisms.
J. Lipid Res. 9, 350-352.

Ackman, R.G. (1967). Characteristics of the fatty acid composition and biochemistry
of some fresh-water fish oils and lipids in comparison with marine oils and lipids.
Comp. Biochem. Physiol. 22, 907-922.

HR—BE - AOET (1964). AEFARGFOaIVRAFu—AVEE BHBRERIC 2\ T, BK
3t 30, 179-188.

Addison, R.F., Ackman, R.G. and Hingley, J. (1968). Distribution of fatty acids in
cod flesh lipids. J. Fish. Res. Bd. Ganada 25, 2083-2090.

Glomset, J.A. (1968). The plasma lecithin: cholesterol acyltransferase reaction. J.
Lipid Res. 9, 155-167.

Stefanovich, V. (1969). Cholesterol esterification in rabit plasma. Biochem. J. 115,
555-561.

Phleger, C.F. (1971). Liver triglyceride synthesis failure in post-spawning salmon.
Lipids 6, 347-349.

BN - RE—K (1972). =V <XPREPCEF 5 IVAFo—VO HE. HKE 38,
711-715.

Kluytmans, JHF.M. and Zandee, D.I. (1973). Lipid metabolism in the northern
pike (Esox lucius L.)—II. The composition of the total lipids and of the fatty
acids isolated from lipid classes and some tissues of the northern pike. Comp.
Biochem. Physiol. 44B, 459-466.



	0030.tif
	0031.tif
	0032.tif
	0033.tif
	0034.tif
	0035.tif
	0036.tif

