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Lipids of Masu Salmon ONCORHYNCHUS MASOU
I. Variations of the Lipid Content and the Fatty Acid Composition of
Juvenile Masu Salmon during the Period of Smolt-Transformation,
and on the Influence of Light upon those Variations

Toru OTA and Minoru YAMADA

Abstract

The purpose of this work was to investigate the variations of the lipid content
and the fatty acid composition in the muscle of the cultivated juvenile Masu
salmon during the period of smolt-transformation, and the influence of light upon
those variations.

The lipid content of the control group decreased rapidly at the mid-smolt
stage, but remained almost unchanged from the mid-smolt stage to the post-
smolt stage. On the contrary, the lipid content of the illuminated group was held
constant from the pre-smolt stage to the mid-smolt stage, but decreased gradually
from the mid-smolt stage to the post-smolt stage and it was smaller than that of
the control group at the post-smolt stage.

The contents of the total saturated and monoenoic acids decreased from the
pre-smolt stage to the post-smolt stage in both groups. Especially, the rate of the
decrease of the total monoenoic acids was greater in the illuminated group than
in the control group at the post-smolt stage.

It was estimated that hexadecanoic acid and octadecenoic acid were mainly
used as the source of energy during the period of smolt-transformation.

The fact that light accelerates transformation of the juvenile Masu salmon
at the early stage, but delays it at the latter stage in the period of smolt-transfor-
mation,5’ also became clear from the variations of the lipids in the muscle of the
juvenile Masu salmon.

B+ 2 5 <X (Oncorhynchus masou) D—E%RBL TOEFERNZMOY Y, < RELRKKICZD
TRRCAETRRI S U TARZMICO L DHOBEICKS 3, BOBOAHBIILALH TS,
EBERTB 5 2 20 F ~FE L TOREOREC OV TIZTTREL OPIEEC L - THREIN
TV3Y, ¥275 v 20OREBRPR BT AERBEOEICE $ SOEERRIZEY, "HCE

* JEBEE Ak S AM(b%8EE (Laboratory of Chemistry of Fish Oil, Faculty of Fisheries,
Hokkaido University)
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BLTOLADEBALNS, BT, ¥ 5 v XGAMWEBL THAD 5 BABEESS 22U 3
& JIISBRBECHEE T 2 LD HAREREL L 2L LA NTE D, Ok 5 2 ARBROT
LL & b ICHBNDOREEL AL POEBIZBLTLIDEEZAOND, 312, —RCAEDOREIIZAN
MOREERIK 3 (KL, 20 DL L THx 2 F—, ki TOHEEZ E0HIT 5 AT
30, ChoDbDRAFEOSHEECABER DAL BRIcE2 L2160, TTIL Reiser 59,
Knipprath 59, #K59 KB CHBORBC DN TREL TO 5, Sk AIED A FERIE O R8T
RAEEL, HYRRXDNTELZ > ER TR R 22 12 AR S RO RA TO AR
CONTHABREINS, LHUZHENRRATERLM BEIRIEERZ S A H & CARHE
DEEZABCETIVEL L D39, ARY 3925 < 2RO TEBIICE %0 BRI,
EHO—ERBMALIRAZ 512 A THAE LSS, BB Z00HITBOTIRY 2 5 < MO
BORECRETS, BTRZOEHEE T2 L2 T3, 0L 5L ABEDETBET
—EORBEHIIALDLEAONSY, ZhMFARCENESEIRBC DL 3 e Bl bz
PIXEROD ARETH 3,
FELRULOMBEORHDIID, 4275 < e e UT20EREEICK T 3 IRERSO
Bl X0 ins kB LT HOBB DN TRALIIOTZ2ORELBET 5,

X B ¥ X

B ER ALV 2 7 v 2PARTAKEF Rt SR A ET BB THEINIZLOT,
1963 F 12 AL EBEB I TIOL HEINIAK 6 B2 ALT, Lh%e = O0OKEHES. 4m, 1%
L.8m, AE60cm) i 2N Fh 38 BFOBL —HOKEIZ HRRD b & T, MEOAETIZE KL
DEMR AT (BICLT 20W, 148) 2% 6 BEKEIIBEL, Tablel wWRU IS »124TC
FHELU, Chb 2ROV TEBOIRY 5 1964 4E3 Bb 5 5 High 13 TH 20 BRIOKIRER S &,
HESE 2 EIERMIC & b B E U, T ATREE T CHE Sh Al e s, SRKEo
AR SUEE L BKRT 5,

BROMY HBEIAFOHAMIL T2y, 2~F 02 YOBEAE bbb THMLUIL, BE
DL %P5 DR, BEESIRREN AR, BMETFT T o12,

BB FLIATAOHY HEE27 2 b EL, 7ot L AEMEEL LI, 20
7 b CATEEIRES O W L Y BERER ML, 351 3% HCl- 2 % 2 —~A8HEE b b
TRAIEEE Y A F L X5V E U,

HZRoOT I 5T74— RHBREEOMTR S 3L AF e 7L 2REE LT, Hiky
27u2b 757 GCG2BEERUHFHLD DFELFAUL 2BORVTAF VA5 6% i BT
Table 2 (RU RRHTR L o1z, FRAOREIIEEY & O a3 1212 [RFB & M RHRIERR
(RFTVBAFVZRATVE 100.0 2T 3) OMEIE: OEBERCEOTBL L 512, CRIE
BRERSE— o OERZ LENETRD 20OESRTH L DL I,

BERBLUVER

EXAROEE JULEE, SUEHERBRAOKES XOPEESES Table 3 IR I-, FREE
BEBITE b SVIRHERVET T 50, ZORPOERTEVRL - HEBED bR, BEO
BREFHEID b & CRE SNSRI S 3 IES RIS EIBY & b PEI 1 TR 3.8%
25 2.3% ~NERBUETU Y, ZOREBEHIZTIIEAEBLL D o172, COL 5 SIRES
BEOZERAKOEEBROLM L BEESS2 X5 Th3, Tobb, FEOME b BSich I T
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Table 1. Composition of basal diet (%)

Artificial feed A* 45.92
Artificial feed B** 14.3
Dried neomysis 16.7
Bran 23.8

(Lipid content 5.5%,)
* Nihon Haigo Shiryo K.K
** Nihon Kagaku Shiryo K.K

Table 2. Operating conditions of gas-liquid chromatography

Instrument: Yanagimoto Gas Chromatograph GCG-2

Column: 1) 209, Polydiethylene glycol succinate on
Celite 545 (60-80 mesh)

2) 159, Polypropylene glycol succinate on
Celite 545 (60-80 mesh)
Smm id.X 2m

Column temp.: 215°C
Carrier gas: Helium, Flow rate 60 ml/min
Detector: TCD, Sens. 2mV, Bridge Curr. 170 mA

FRIZENTEBOIIDDO T A X ~FE U THEINIESPKEL, 12 A OBV TE
HESEFBRY BCTOhTLREOWE R Y5 I TR BLZNLERFRTIODL ST S,

—%, JALEMORES R EUEROBE & B b BRI 6 T3 TR 4% L3 EAEE
BL 2w, U U Flid 6 Blic 1 THRARBAL, BEITIREMBEEL Y 1% EEERLI,
AED 29 2 7 < 2GAOEERFICBO TATRIC & 3 ARESEIEEONE % U 2 54 DAKEEIL
XY ERBRRN, EROGHIL ) PHIichH I CTHERRIIBFTH 305, L b EHlich I TR
CERT2EABOEC L 2A T 5, RESEROLES AREORILERL L5 2EHMERT LD

EEAOND, Tiobb, NUENEROYTRATOBECHL THRAIERL RAE 2 1ER
e, LD >THRED ICREL ZOWEBRZ2RSBEVE2 L 5EHING, $od#id»s
T D TR DS ANOMBERZ B I A 5 & & bREBINTOIIERRNEIN, 208
RBATORBEEEVSBYTEIOTH S5,

WREDR SRS LY 2 52 AGADOTEROY, Kz 1) 3IEIERHMR % Table 4 2%
Ulze 42 7 v 2GATRBHBBIEIIERE U Tid, BRER 12 1 b 24 I TOH 20 BOMAF, Teafig
B anicys, ZOfpT 16:0, 16:1, 18:0, 18:1, 18:2, 18:3, 20:5, 22:6 L ¥ &L iLS
BYE ol HEMEE V2 5 < 2NADNSIEEHIR 2 BT 5 & 18:0, 16:1, 22:6 ¥ 25 =
2GR E L, WiT 18:2, 20:5 3T B o1, L TREBOBER TG L M RO EWT
RO T, ERERMLEADY 2 7 < AGADEHBERIC DO TIRBR2MA S o72d8, 42
J 2 2GRAVEERORBBER E RES >R E L2 E 5 ER S - RHBER—ER A% H
BUIBE, HHNORER I BREZISEL TH 20T THRACADEBELBIE 55 X 5 i85
B ZERL TOL D BRI NS,

IERMER oS FERIES X O, T, £ 2 UBEE SRS EROTE
P L b #EMic I TDOES % Fig. 1, Fig. 2, Fig. 3, Table 5 &R U 17, WRicdsBL 2 EE
PERDES T, FED 55 16:0 WP DEIMM D o1z, €/ VBT 16:1 X THBEE L TR
AL I T 109 BB TIEE A EBL 503, 181 iZEUUERETIX 27.9% 55 24.3%
~, JCAEBETI 28.3% »5 23.29% ~EVTRIBAU I TR Y = U EBTIIE L DEIBRO
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Table 3. Body length and lipid content of juvenile Masu salmon

Control group Tluminated group
Date Stage Body Lipid Body Lipid
Sex | length | content | Sex | length | content
(em) | (%) (em) | (%)
F* 13.3 3.8 F 13.0 4.6
F 12.9 3.8 M 12.2 41
Mar. 10 Pre-smolt P 12.0 4.0 F 10.9 3.6
Mk 12.5 3.6
Aver. 3.8 Aver. 4.1
F 11.7 3.5 F 12.7 4.1
F 11.4 28 | F | 128 4.8
Apr. 1 Mid- 1t F 10.2 1.8 M 11.2 3.5
Br 1-emo F 9.8 L5 | F 13.1 3.7
M 10.1 2.0
Aver. 2.3 Aver. 4.0
F 12. 4 3.1 F 12.8 3.4
F 12.1 2.5 F 12.8 3.9
. F 10.7 2.2 F 12.8 2.9
Apr. 22 Mid-smolt F 1.3 2.1 | F 1.2 2.6
M 11.9 2.6 F 10.5 2.8
F 10.9 2.3
Aver. 2.5 Aver. 3.1
¥ 15.0 2.5 F 12.6 2.4
M 12.5 2.2 M 12.1 2.6
Mav 7 Post-smolt | F 13.2 28 | F 12.7 2.5
"y ost-8mo F 118 9.6 | F 115 5.1
r 11.6 1.4
Aver. 2.5 Aver. 2.4
M 14.5 2.4 F 12.7 1.0
M 14.6 2.9 M 12.8 1.4
M 12.4 2.1 F 12.8 1.8
May 22 Post-smolt | 12.7 25 | F 12.3 1.4
F 13.5 2.0 F 13.0 1.2
Aver. 24 Aver. 14

* Female *x Male

FENCIES D ADE L B IHEL O—BL L EBOERIZED s gk 12, MEEORNE, =/
B IORY 2o BEROEETIE, REANE, Re 2rBREEBEIL, Hchey) 2 By
i 1o,

3BT E L BRERIIERNED 6 BRI D TRAU Y, ChizIBED ADEEIEE
ORIt (B e d B0z iAaF—HEUTHBEINIEDERRB LU, CLRFELUIEHROE
RS BETS LINBRINSIENERIL 16:0, 18:1 BPEEELZLTNE EEALONS,

KO EDMER (T3 SRR OVT FAROEHREARORRZEIBR S /I O2VTA 5 &
(Table 5), Za3/Zwb HISEBHIZ & 5L THIOCUEBOFBEOERRL 2, Thid 18:3 D
BEPELBEHTENLRERTIOTH S5, $h, TEEHIKBLTIR 16:1, 18:1 iJum
BHOLNEEMNTL P>z (Table 4), Bt oo By 2L BERIZOVT & ERITR
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Table 4. Fatty acid composition of acetone soluble lipids
of basal diet and juvenile Masu salmon (%)

Masu salmon

Fatty acid Basal diet Control group Tluminated group
Mar. 10 May 22 Mar. 10 May 22

Saturated acids
12:0
14:0
150
16:0
17:0%
18:0

Total

Monoenoic acids
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* Includes 16:2
** Other acid may be present

€/ T BERIEMEBOSS T B, BIRR Y 2 VBERIIE, o108, L REBEREITI
FEHC IS 1 BN BRI CTH L b KA >TW 3, TR 355 7 Bh»5 5 H22
BOIITORY 2L BOES 245 & 18:2 5% 12.8% 5 12.29% ~, 18:3 3 6.69% 5 3.8%
~NEBDT BRI 20:5 12 4.79% S5 5.79% ~, 22:6 5 7.79% b5 9.4% ~ L@mL 1z, 18:2,
18:3 i2WVFN LS RGOSR TH H, 18:2, 18:3 OB L 3 xORE /2o BEBOBI LD
b¥EALZ L, Ths OEFIIRAENERBEAICISO TROAMES 2R T I3 & & b icfHRLS
BRTAVE—FELUTHEINZES PRI IVIERIHEETY LS, $7, 20:5 22:6 OF
it 18:3 5 22:6 ~OHEEHPER T 3 & 18:3 DWW LEEN H 35 b LIz, JesEys R
MFRERE O HELRIC FOBREBE T3PV TRSEOERTIRERE2 HT 2zt bl i,
W26 SEORENSERFHE W OREDCEBRBLBEVRL SIIRBOLOTHH, ADEEK
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o  Control group
Illuminated group

30(

Mar. Apr. Apr. May May
10 1 22 7 22
Date

Fig. 1. Variations of saturated and mo-

noenoic acids in acetone soluble lipids of
juvenile Masu salmon

[XXII, 2

*h
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3 18:2 :
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18:3 L
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Z. 1 §/§_~_§
L T
0 b X ) M
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5 3
20:5
ol . . ‘ .
"o Apr. Apr.  May  May
10 1 er 2 n
Date

Fig. 2. Variations of polyenoic acids
in acetone soluble lipids of juvenile Masu
salmon

Fig. 3. Variations of total saturated, monoenoic and polyenoic acids in acetone

soluble lipids of juvenile Masu salmon
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Table 5. Variations of several ratios of fatty acids in acetone
soluble lipids of basal diet and juvenile Masu salmon

Basal Masu salmon
. 288!
Ratios diet Mar. Apr. Apr. May May
10 1 22 7 22
Control group
16:0/Total sat. acids 0.74 0.67 0.65 0.64 0.61 0.62
16:1/Total mono. acids 0.14 | 0.25 0.95 0.97 0.5 0.97
18:1/Total mono. acids 0.75 0.65 0.63 0.62 0.62 0.60
2,3/2,6 0.63 1.52 1.18 1.45 1.48 1.40
Iluminated group
16:0/Total sat. acids 0.66 0.63 0.64 0.67 0.64
16:1/Total mono. acids 0.23 0.925 0.24 0.25 0.25
18:1/Total mono. acids 0.68 0.63 0.64 0.65 0.63
2,3/%.,6 2,06 1.53 1.53 1.50 1.52

NHBEOEEC 3B OBERHGEET 2 LEDNEPETH S, LIh-> ThEY—BRADERAH
EDE I IKBET IRV TR, ADATREBY S (EELU CISITWRNEMA S L EBBEE
A3,

AEBTIY, RV 2 5 v 2PA2RBE UCERic U 3 EOEE » BRES R L IEVERE
BEDVWTDAERL, SHRRRADOIINCAE TS 92 5 v 212k UTEBREII» b
Tl ZOREBBTOEKRES 2 S6aEL, FIFY 254 ¥, HHEVR Y BRZEO
HERPRBETILEND 5, LhbOEEROERMIY 2 5 <20 BEEEEOBBEAZHAT VL
B &S BIRBENIT,

= )

1) RFEY 2 5 = 2GR REE UTEBRIck ) 2RO LR BIEBER M~ 356
ENL B IIZTTHROEEBC D TRFLUI,

2) SAEBHC B AESEIIERY S b P T 3.8% »5 2.3% ~ERBBCEILL
2, ZORTEEBITIREALEL 2 otz T UBENOR TSR ERIAL b p
HIE TIH 496 EEBHL 2200hS, b & BT 1 TR A B UK TSN L h 1% B
EERLUI,

3) FREDKRAIFER, e/ T BEERTBTTLRONTEYT 55, ERMcis 38
7 BEBROB O OESIIMBEBO NIRRT L. 6D EiNAESADORHES 2ET
QB LEBHHBELAVY~FE LU THBEI IR IEEINS,

4) BRI TY 2 5 < 2SAPEE T CHRIN B L LTk 16:0,18:1 L 4DT
HELEEING,

5) AED i3RI Y & 5 < 2BRADTBRIIC T, 2O TRERREE I SRHTIHE
BIRZEVHLLEEZHALPIRLTV 58, BRERRIOEHDALS b LN eHER T LBTAI,

FEB R LS b h LEERYAKEES ARENEEGR, HILERKERER MREK
RERDHEIE R0, BBEHDELZRT 5,
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