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Changes in the Lipids during the Development of Salmon Eggs

Ko6z6 Taxama, Koichi ZamA and Hisanao IgARASHI

Abstract

To determine the changes in the lipids occurring in salmon eggs during the
development stages (listed in Table 1), a series of samples was obtained from a
single lot of eggs.

Results obtained were as follows;

1) The lipid content of an egg was about 11-12%, which decreased markedly
towards stage 5.

2) No marked changes were observed in ratio 3:1 (except stage 2), between
acetone-soluble and conjugated lipids throughout the entire developing stages.

3) Marked decrease was seen in the lecithin; on the contrary, remarkable
increase in the cephalin fraction was observed after stage 5.

4) Selective consumption of the unsaturated fatty acid during the develop-
ment stages was hardly observed.
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(Laboratory of Foods Chemistry, Faculty of Fishories, Hokkaido University)
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Utiie (DR, Q) %HER. Q)RR (&S 6)RR, 082k, (1)L (&
{b# 15 HR), (8)PEERINERT, Ko (9)SPEERILEED 9 i 51 202 hf0 300 Hg DR L
TEBICH LTz,
Egg
Homogenize

v
3 vols.of Me,CO, 2 times, at room temp.

[Z
Extract Reiidue
6 vols. of CHCl3-MeOH(2 2 1)
Concentrate at room temp.
¥ v
Et,O extractable Extract Residue
8 vols.of Me,CO
in refrigerator 2 vols.of CHCls-MeOH(2 : 1)
hot extraction
Sol. - lipid Insol.- lipid
Extract Residue
v
Discard
Concentrate
8 vols. of Me.CO
in refrigerator
v 13
L Sol. S lipid Inso]i. - lipid
[d

Aceton sol. - lipid
- Aceton insol. - lipid

ca. 40 Volls. of EtOH

v
Sol .\-Llipid Insol, - lipid
(Lecithin) (Cephalin)

Alumina column

Pure lecithin

Fig. 1. Extraction and fractionation of lipid

EROMY JEEMHEO SRS Fig. 1 RUERNC, SERBIIRERL, BEbic 3
BO7 2 o C2EIEBHHL, 7€ FoMBEREEE = —-FUEIRVRERPEDERNEEL
bDERWBEED T « P RCENUARIE LTINS E RER ST 12, —F, 7+ bt
DOREIR 6RO s uuskva-2 /2 —v (21, v/v) TlEZRHBM L% BEZIL2MEE
Drunfba-2z/—VRET 1R 217270, Zoukva-x4 7 —viiiEz4—L
PR, FIB{EEDT + b 2IMA, 7 FURBHEARBEHCHT, KrobortEhFhEd—L
o

7 b B MIEEICOW Tt 2N-KOH 7 v a —VEE E 2B LU TKEL, R {tho
R EBEHBOREEIT o1l TR AHPORERF v —ViZOF b= LRl L - TER
Li1e
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72 b REMIEE (A 133 40 EROEKT &/ — VK X o TAHH & RERICEET s
BL, x& /7 — VA2 L F UMW AERBEY 7 > VUEE LI, VY FURDOVTET VI
FHSLIuT LT 5T 4~ Lo TR, BEIEIRORREZIT 210

HRLOTIYST4— 7 FOABRHEEERF VL F o OBRIEHBRECY > T3, FikBb
UL USRS R % 84%, 1.59 HCl-x % 7 — VT 1.5 BEEHL, » 30U 7S 22 /KT X
FNLRIFEVH A 7 u < AU, A v FLY Y a— - TO VRN Y T R
F0 2m B Sa%Ey FUIHS KGL-2 % fity, He 40ml/min, EBBREE 210°C G721 E
B PEMER X - TR 124 — 2 HROENHBE BRI L > TT 251

ZOROSEE =2 vHEfiIZ Wijs 5 P id Fiske-Subbarow #7, N i3MEIENMTE 29>
{2 Beattie $® it & - THE LIz,

HREBIVCER

Table 1 &I* Fig. 2 WHSERSRZR LI, IIRERET, JBERECHL 11~12% O2ER
BEE TN BV (Stage 5) BENCUTELVBSERUL TV S, & (i SIMRIER TR
4.89% SEIT/Iz 5T 3,

BERTRT & AR IS E RN 5% % 5 2B RARREL #EH i ORKEITEIL,
B 235D OBEH] (Stage 6) 2BX 5 L —BEOERBL T3, L LAYt (XFm—0) &
WEEREIR S I £ Y 2 54 FOWEBRBIT LA T3 bDEEALLNS, Glover 5D ©FH
BY R I NESIEERIK 8~9% L INTH b EHEOBE (11~12%) & ik 3~4% DEHBD 5,
H#5OFBOBED Th= /~, =—7VRICE3EERHR—RECES RO
BhH b REEPICED 57 ¥ bABRKIEEORADNRE L IV - T 27 v~V ER L EEROY
BERERICHT 2 HENEIBEIN T B,

Table 1. Lipid content of individual egg

Stager Egg Total Acetone-sol, lipid (mg) Conjugated lipid (mg)
No Days | weight lipid Glve- o .
’ (mg) (mg) Total |USM#**| Sterol yeride Total Lec1thm|0ephalm
1 — 234.8 29.8 22.9 1.14 0.81 21.7 6.94 6.38 0.57
2 0 263.2 30.0 25.6 1.01 0.73 24.5 4.35 3.78 0.57
3 10 260.3 29.4 22.1 1.29 0.86 20.8 7.29 6.76 0.53
4 17 259.9 29.9 21.6 1.32 0.91 20.2 8.34 7.89 0.45
5 36 259.7 30.1 21.8 1.25 0.75 20.6 8.25 7.89 0.36
6 60 262.8 28.2 21.2 1.19 0.87 20.0 6.99 6.32 0.68
T-akkx 136.3 23.0 17.0 0.85 0.58 16.2 5.96 5.59 0.37
7-biokk % 109.8 1.9 0.9 0.37 0.17 0.5 1.03 0.49 0.49
8 130 352.1 22.3 16.6 1.60 0.92 15.0 5.69 4.68 1.00
9 139 388.9 18.8 14.5 1.28 0.71 13.2 4.32 2.61 1.71

* 1. Unfertilized, 2. Just after fertilization, 3. Gastrula, 4. Formation of somites,
5. Pigmentation of retina (Eyed stage), 6. Motility, 7. Hatching (after 15 days),
8. Just before the disappearance of the yolk-sac, 9. Just after the disappearance
of the yolk-sac
*+  Unsaponifiable matter
*xk Volk, ## Embryonic body
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Fig. 2. Egg weight and lipid content

Table 2. Property of lipid

Acetone sol. -lipid Lecithin Cephalin fract,

AV ] 4 } v } n:' N/P* |Choline/P*| 1V N/P* ! v

1 4.3 | 186.7] 179.3 | 1.4848 | 0.9 0.9 76.4 1.0 61.8
2 3.6 | 189.6 | 181.0 | 1.4855| 0.9 0.9 71.7 1.0 52.0
3 3.9 189.6 180.0 | 1.4842 0.8 0.9 91.9 0.9 49.4
4 5.0 | 191.3| 180.7 | 1.4840 | 0.8 1.1 90.8 0.8 50.1
5 7.0 | 188.9 | 182.1|1.4840| 0.8 1.0 90.4 0.8 73.0
6 8.1 | 188.3| 182.2 | 1.4842 | 0.8 0.9 114.4 0.8 80.7
7-a 4.3 | 187.8] 183.1|1.4843 | 0.8 1.1 157.6 0.9 73.5
7-b — — — solid 0.9 0.9 — 1.1 78.5
8 8.9 | 183.5| 185.0 | 1.48588 | 1.0 1.1 99.2 1.4 80.5
9 12.0 | 181.8 | 184.4 [ 1.4863 | 0.9 0.9 98.5 1.2 84.2

* Molar ratio
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Table 2 ICIREDHER 2R L2037 % b AIEHAS B IVBITR, 5o (Uil 2 vEEZE» 53
E R (Stage 5) BHEVICUTET, FEAFEOR KBNS TROK X ZIEBROBEL T 3
BERAMBED 6N BH U L2 OBLIZEE 2 b DL RBbIhEV, 3 AR b IS
HOBRIRITER ORI S {12 - TIT BIADS R S NIMBRINERICE - T & <1t L < 2 OfFmI
=229 ORL&LEHL T3,

BARIEHEIRZ D 80~00% (JPEERINHIT 60%) Lo F L HThh 2 OBLHESIEELSEDN
RICHBLU TV 5, Vo F Ui BEH, BIRYIE (Stage 2~5) BTORMN% B 5132 DRITKEB IR
PUT & bUTREIREOME 2~ LU T 3, LUy 7 » ) LBt v F L EOoB %
55 (Stage 5) B 72 b b B HICHIMOBEIN 2R L & B X 34 O (Stage 6) LMEEET
» 5o

VY F DA vRM (Table 2) i38) X i) OREIYE (Stage 6) WHOBERIIRTY, 77 7 VL8
DHE & BT EIOTRE Bl i DN TIREITEL 72 B %R L T b ALH (Stage 7) %38
FTHMOFERIGE T KON T2 VRBOMARRE 77 7 ) U MOMRE B rBIX B BN
%o TDOLEHOBROETIES O LY F o BB RMTRE 2 MR T 5 b Db A< 2 hifiik r o
7V VREILBBIDEEALND, 157 5 ) LESHTORBE, AESERICES { itoh N/P
ENVEDEL L Y MARIO R~ — s u= b S abb b a Vo B BRHINIECEME 2T 4
T RYURELERINTL B LD LEEIN S,

7% bR E D5 SRR Table 3 TR U IERIC Cisy, Cigo KO Ca Td bh Z O
 Cuo, Cox B Curs BHRATH 50 L F > (Table 4) 13 Cip, Cisn THH, Z0ih
T Cigo, Cipn THERIN TV 3, 7 b ajiRIsE Ry VO F L DIEEETIE C ML Cie BT

Table 3. Fatty acid composition of acetone-sol. lipid

T Stage no.
— 1 2 3 4 5 6 | 7a |7b | 8 9
Carbon no, ™—___

14 63 | 65 | 6.2 | 6.1 | 6.1 ] 6.5 | 6.6 | 4.9 | 6.5 5.5

15 0.8 07 07|07 | 08| 06|06 10]07]| 06

16 13.2 |13.2 [18.0 |13.0 |13.0 |13.8 |13.5 |30.9 |13.8 | 12.2

18 36 | 3.8 | 36 | 2.6 | 3.5 | 33 | 3.8 | 9.2 | 36 | 3.9

20 1.5 | 1.5 | 1.2 | 1.3 | 1.4 | 1.4 | 1.6 | 3.1 | 1.7 1.9
Satd 25.4 1 25.7 ‘ 24,7 |23.7 | 24.8 | 25.8 } 26.1 \ 49.1 ‘ 26.3 | 24.1

I

14 09 | 1.0 ] 0.8 | 08 ] 09 08 ] 08 ] &+ | 09| o8

16 14.0 [18.7 [13.8 [13.7 |14.0 |14.4 |14.3 | 8.6 |13.2 | 11.9

18 34.2 | 34.1 [34.0 |34.5 |34.2 |34.1 | 34.3 |20.6 |83.8 .| 20.4

20 3.9 | 4.1 | 3.8 | 3.9 | 42 | 8.8 | 3.9 | 7.0 | 3.6 | 4.1

22 6.8 | 75 | 7.3 | 7.2 | 5.0 | 6.3 | 4.4 | 2.7 | 5.5 5.8
Mono-enoic ‘ 59.8 |60.4 ‘ 59.7 { 60.1 ’ 58.3 ’ 59.4 ’ 57.7 ) 39.8 ‘ 57.0 | 52.0
16 26 | 33 | 32 |29 | 32| 26| 28 31] 28] 3.1

18 19 | 1.9 | 2.2 | 2.0 | 2.6 | 2.0 | 2.2 | 8.9 | 2.7 2.6

20 32 | 2.8 | 2.6 | 3.4 | 2.4 | 2.9 | 2.6 | — | 2.9 5.1

22 69 | 58 | 7.4 | 7.7 | 85 | 72 | 82 | 40 | 7.9 | 12.8
Poly-enoic ] 14.6 ' 13.8 ’ 15.4 ‘ 16.0 1 16.7 { 14.7 ‘ 15.8 ' 11.0 1 16.3 | 23.6
Cyq acid 29.8 |30.2 [30.0 |20.6 |30.2 !30.8 [30.6 |30.6 [39.8 | 27.2
Cys acid 39.7 1 39.8 |30.8 {39.1 |40.3 |39.4 |40.3 |33.7 |40.1 | 35.9
Satd, 25.4 | 25.7 |24.7 |28.7 |24.8 |25.6 |26.1 |40.1 |26.3 | 24.1
Unsatd., 74.4 74,2 75.1 76.1 75.0 74 .1 73.5 50.8 73.3 75.6

— 122 —



1969] A 0 Ty RRERORE
Table 4. Fatty acid composition of lecithin
- Stage no,
\\\f ‘ 2 3 4! s 6 | 7-a | 7 l 8 } 9
Carbon no,
14 5.1 | 5.5 | 48 | 5.2 | 5.4 | 4.9 | 46 | 4.6 | 3.8 | 4.3
15 07 | 0.7 | 0.7 | 07 | 0.8 | 0.5 | 0.6 | 0.9 | 0.8 | 0.7
18 30.8 |31.5 |31.7 |33.2 |31.4 |31.0 |31.9 |38.2 |35.3 | 40.0
18 13.2 [13.0 [12.4 |[12.6 |12.5 |12.0 |138.7 | 5.0 |10.0 | 6.4
Satd. 9.8 yso.o 49.6 |51.7 |50.1 ’48.4 50.8 | 48.7 |49.9 | s1.4
14 tr tr tr tr tr tr tr tr tr tr
16 1.4 |10.2 | 9.7 | 8.3 |10.0 |10.2 | 9.7 |11.0 |10.7 | 12.4
18 98.8 | 28.2 |28.8 |26.2 |26.4 |26.2 |25.3 |26.2 | 26.1 | 25.1
20 3.0 (34 | 3.1 29 | 281 2830/ 58]/ 25 1.7
22 1.7 | 19 | 19 | 2.1 | 30 | 25 | 22 | — | 2.4 1.3
Mono-enoic 4.9 |43.7 ( 435 |39.5 |42.2 | 41.7 |40.2 [43.0 ‘ 41.7 | 40.5
16 22 | 25 | 24 | 22 | 17| 20 { 22 | 2.7 | 2.8 2.3
18 07 | 1.0 | 1.0 | 0.7 | 1.0 | 0.8 | 1.0 | 3.8 | 1.7 | 0.9
20 tr tr tr tr tr tr tr tr ir tr
22 2.2 | 2.1 | 3.4 { 5.8 1 47 | 7.1 59 | 2.0 | 4.1 | 4.3
Poly-enoic 5.1 ) 5.6 | 6.8 ‘ 8.7 | 7.4 | 9.9 | 9.1 \ 8.0 | 8.4 | 8.0
Cye acid 44.4 | 44.2 | 43.8 | 43.7 | 43.1 | 43.2 |43.8 | 51.9 |49.6 | 54.7
Cys acid 42.7 |42.2 |42.2 |39.5 |39.9 |39.0 |40.0 |34.5 |386.7 | 32.4
© Satd. 49.8 [50.0 | 49.8 |51.7 |50.1 | 48.4 |50.8 |48.7 |49.9 | 51.4
Unsatd, 50.0 |49.3 |50.3 |48.2 |40.6 |51.6 |49.3 |51.0 |50.1 | 48.5
Table 5. Fatty acid content of acetone-sol. lipid (mg)
\stage no, 2 4 5 6 ’ . 8
1 3 -a - 9
Carbon no.\_
14 1.34 | 1.57 |1.25 |1.19 [1.21 [1.28 |1.03 | 23#8|0.93 | 0.70
15 0.17 | 0.17 |0.14 |0.14 |0.16 | 0.12 |0.09 5 |0.10 | 0.08
16 2.80 |3.19 |2.62 |2.54 [2.58 |2.67 [2.11 |145 |1.98 | 1.55
18 0.76 |[0.92 |0.73 |0.51 |0.69 |0.64 |0.59 | 43 |0.52 | .49
20 0.32 |0.36 |0.24 |0.25 |0.28 |0.27 |0.25 | 15 |0.24 | 0.24
Satd. 5.39 | 6.21 t 4.98 l 463 |4.92 |4.06 |4.08 | 231 |3.77 | 3.05
14 0.19 | 0.24 |0.16 |o0.16 |0.18 |0.15 |0.12 | & |o0.13 | 0.10
16 2.97 |3.31 |2.78 [2.68 |2.78 |2.79 |2.23 | 40 |1.89 | 1.51
18 7.26 |8.24 |6.86 |6.74 |6.78 | 6.60 |5.36 | 97 | 4.84 | 3.72
20 0.83 | 0.99 [0.77 |0.76 |0.83 [ 0.74 |0.61 | 37 |0.52 | 0.52
22 1.44 |1.81 |1.47 {1.41 |09 [1.22 |0.69 | 13 |0.79 | 0.73
" Mono-enoic \ 12.69 | 14.59 ‘ 12.04 } 11.75 | 11.56 } 11.50 | 9.01 | 187 8.17 | 6.59
B 16 0.55 |0.80 |o0.65 |0.57 |0.63 |0.50 |0.44 | 15 [o0.40 | 0.3
18 0.40 | 0.46 | 0.44 |0.39 |0.52 | 0.30 |0.34 | 18 |0.39 | 0.33
20 0.68 | 0.68 |0.52 |0.66 [ 0.48 |0.56 |0.41 | — |o0.42 | 0.65
22 1.46 |1.40 |1.48 |1.51 |1.60 |1.39 |1.28 | 19 |1.13 | 1.82
Poly-enoic '3.10 13.33 ‘3.11 ‘3.13 ’3.31 2.85 | 2.47 ‘ 52 !2.34 2.99
Cye acid 6.32 | 7.29 | 6.05 |5.79 | 5.99 |5.96 | 4.78 | 186 | 4.27 | 3.45
Gy, acid 8.42 |9.61 |8.03 |7.64 |7.90 |7.63 |6.20 | 158 |5.75 | 4.55
Satd. 5.39 | 6.21 |4.98 | 4.63 | 4.92 | 4.96 | 4.08 | 231 |3.77 | 3.05
Unsatd, 15.79 [17.92 [15.15 [14.88 [14.87 |14.35 {11.48 | 239 |10.50 | 9.58
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Table 6. Fatty acid content of lecithin (mg)

. Stage no. { 3 4 5 7 7b | 8
BN 1 2 8 -a - 9
Carbon no\
14 0.22 0.14 0.22 0.28 0.30 0.21 0.18 1648 0.12 0.08
15 0.03 | 0.02 ;{0.03 |0.04 {0.04 0.02 |0.02 3 0.03 0.01
16 1.35 0.82 1.48 1.81 1.71 1.35 1.24 134 1.14 0.72
18 0.58 | 0.34 | 0.58 |0.69 |0.68 |0.52 | 0.53 18 0.32 0.12
Satd, 2.19 1.31 2.31 ‘ 2.82 ‘ 2.74 2.11 1.97 170 1.62 0.93
14 tr tr tr tr tr tr tr tr tr tr
16 0.50 | 0.27 | 0.45 |[0.45 [0.55 |0.45 |0.38 39 0.35 0.22
18 1.26 | 0.74 1.34 1.43 1.44 1.14 | 0.98 92 0.85 0.45
20 0.13 | 0.09 |0.14 |[0.16 |0.15 | 0.12 | 0.12 20 0.08 0.03
22 0.08 | 0.05 | 0.09 | 0.11 0.16 | 0.11 0.09 — 0.08 0.02
Mono-enoic 1.97 1.14 ‘ 2.03 | 2.15 2.30 1.82 1.56 151 1.35 0.73
16 0.10 {0.07 |0.11 0.12 | 0.09 | 0.09 | 0.09 9 0,08 0.04
18 0.03 |0.03 {0.05 |[0.04 [0.06 |0.04 | 0.04 12 0.08 0.02
20 tr tr tr tr tr tr tr tr tr tr
22 0.10 | 0.06 | 0.16 | 0.32 |0.26 | 0.31 |0.23 7 0.13 0.09
Poly-enoic 0.22 | 0.15 | 0.32 [0.47 [ 0.40 | 0.43 |0.35 28 0.27 0.14
C,e acid 1.95 1.15 [ 2.04 |2.38 |2.35 1.88 {1.70 | 182 1.61 0.99
C,g acid 1.88 | 1.10 1,97 | 2.15 2.18 1.70 1.55 121 1.19 0.58
Satd. 2.19 1.31 | 2.31 2.8 |2.74 | 2.11 1.97 170 1.62 0.93
Unsatd, 2.20 1.29 |(2.34 [ 2.63 |2.71 2.25 1.91 179 1.62 0.87

zhZFh 709, KU 87% %K5% Cis/Cis B2H (Fig. 5) M HiIF 7 ¥ Mo AIAMREROEA 1.32~
1.35 ¢ME—ET HB5DiIL L, BFL L F o Tt FREEY (Stage 3) T 0.95~0.96, KREHHRY
(Stage 4) b5 2UHT (Stage 7) FTid 0.91~0.93, IPMPUTEH (Stage 9) Tt 0.59 27 h &<
LoD veF o 2RHBTO Cis BOED 3RIE/M 25T 5,

TEGFERIZ AL & DY L o F o DHE 0.93~1.07 THRA LB 7 & b LA EMEED
BEETRON 3 HEEEL, & KIPERINER (Stage 9) TIRZOHRN 2 5 CHETFTHE - T
3, Ud b —IRh st RO b % R 5 & Table 5,6; Fig. 3,4 iRU IR FISHREIIC
RO THEERBD S TBRAETRNTHRUBRLE B F ~ L 2R LT3, TabbREBH» -
2 AW OB (Stage 5 2> 5 Stage 6) LI, S OIRHIEE D TIL THS L, Lo F BRIz &K
B HR B EBMICIIDEONERBK Y CRDR TV B, 1217 IMNRIN SN 1254 (Stage 9, #
TR T PUOTREIREIC R Y 2 F LR E LT Cas PR L TV IERB B bhis,
Ry ripeERT, RIRH~8 XD OREREECIREEEIED 6 (I UBEEE
BRRLveFrOBPET ) 54 FORRBRED LR L L F UKo Tik ZORRIBH S CHIET
3) ZNLMEOAIERIGE I R, IRARIIRENICESLTEYT 5, 20/, BIHRRiCIBR
FEREEZTRT DI CGBIRAICERINS b DIREDER, Uh L5 JIse % IRIN U R0
WRIBIT/Z - DHERUT W TIZ 7 & b U AT MR E I REE AR TIER (2 {12 Cas) DIKHED 51,
TRV F TR Cis BIZHL Cis BEEMWES D, ¥ 72 Y MOARBEAEZELTH, Lrd
A7 4oV RELARINTHIbDEELLNS,

—124 —



1969]

FATTY ACID CONTENT, mg

FATTY ACID CONTENT, og
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Total unsaturated acid

Total monoenoic acid
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/4\ I~ .
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STAGE NO.

Fig. 3. Fatty acid content of acetone-sol. lipid.

Total saturated acid

Total unsaturated acid

Total C - acid

Total mono-
encic acid

Total Cig-acid

Total polyencic acid

1 2 3 5 6 7 8 9

STAGI‘; NO.
Fig. 4. Fatty acid content of lecithin
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3.0 u/s
{Acetone-sol. lipid)
2.5
=&
ol® 18 /16 (Acet ane-sol. lipid)
E - o Py Py Py > - [ ] 'Y
[+
U /S (Lecithin) o
10 — o o
N ——— o ° — 12 -0
18/16(Lecithin) \
0.5
-
1 2 3 4 5 6 7 8 9
STAGE NO.

U/ S : Unsaturated acid / Saturated acid
18/16 : Carbon number 18acid / Carbon number 16acid

Fig. 5. Ratio of fatty acid content

L 2]

1) 3 USsAER % 9 B, BERSOBLERNL I,

2) REHEIH» O THE, BXBD ORI CRIFERICHLE 11~12% OEBE*SET 3,

3) BEEBILRERI VX 54 FRILVL F o REET, RIEY~8 Xk ORBILEE L { B
T3,

4) HEIN BRI OV TR BRAOZEEIIEDEL FHL TINTORIBSBPT 5, L
DLV FUrRBOTIRAE CaBOMEERBLORELZY, 7% bR G2 ImRINE
FEEETEICE 5 T Cng 2EE T 2EERMAEENLLALL 2TV 3,

5) BRRAEBRED, Ryt (5 e ~—n) BRiCREERZERIRZL, 77 7 Y LS TEIRIILL
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