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STUDIES ON FEED FOR FISH-VII

THE EFFECTS OF DIETARY FAT ON THE GROWTH OF YELLOW-TAIL
(SERIOLA QUINQUERADIATA TEMMINCK ET SCHLEGEL)

Hiroko Tsuxkamara, Atsushi Furukawa** and Katsumi FunaAg

Recently, complete combined diets for yellow-tails are strongly desired and the nutritional
requirement on yellow-tails should be clarified. In order to get the information on the effects of
dietaty fat in combined diet on yellow-tails, the feeding experiments were carried out in the
concrete ponds. The yellow-tails were fed sufficiently each diet twice a day. The components of
the diets used in this experiment are shown in Table 1.

On the fish, changes of growth rate, liver weight, blood property and availability of food
were examined, and liver and muscle were analysed on the contents of water, crude protein,
crude fat and ash by usual method, and on fatty acid composition by gas-liquid chromatography.

The {ollowing results are cbtained ;

(1) Between the fish fed corn oil supplied diets and those fed cod liver oil diets, there were
differences on the growth in weight and length. Thus, it is established that cod liver oil
performs effectively rapid growth on yellow-tails as same as trouts’ case. /

(2) The results of blood examintions on red cell counting, hematocrit value and hemoglobin
content showed that the cod liver oil was more suitable for the healthly phys'ological conditions.

(38) Yellow-tails prefered much more the diet supplied with cod liver oil than that with corn
oil, and it may be supposed that the differences of growth rate and blood property already
observed are resulted from the difference of total protein intake.

(4) Food conversion and protein efficiency showed that the diet supplied with 5% cod liver
oil was the most efficient among all combined diets used in this experiment.

(5) It was proved that the hepatosomatic value altered with the influence of ratio of dietary
ingredients.

(6) Fat deposition in liver and flesh increased with the increase of supplied fat in the diet.

(7 The availability of fat was lower in the case of excess fat content in the diet.

(8) The fatty acid compositions of flesh and liver of yellow-tails were depended on
characteristics, especially on the amount of supplied fat and combination of dietary ingredients.
The oleic acid was remarkably deposited more with combined diet feeding in comparison with

raw sand eel. The pattern of fatty acid composition of liver lipid changed more rapidly and

¥ REREOKERRAITEE 5 120 7.
= ALK BER LR




remarkably than that of flesh lipid.

In this experiment, notable differences were found between the fish fed the diets supplied
with corn oil and with cod liver oil, and between the fish fed the combined diets and raw sand
eel. It could be supposed that the combination of diet ingredients influences greatly on the

metabolism, especially on lipogenesis.
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Table 1. Compositions of diets applied for this experiment.

Diet Dry meal Vitamin ) Cod liver Sand
umber . ggil; nll eiﬂ 1 ) ixbure a -starch Gluten Corn oil oil el
1 81.8 4,55 4.55 9.1 — — —
2 77.7 4.3 4.3 8.6 5 — —
3 69.5 3.9 3.9 7.7 15 — —
4 57.3 3.2 3.2 6.4 30 — —
5 77.7 4.3 4.3 8.6 — 5 —
6 69.5 3.9 3.9 7.7 _ 15 —
7 57.3 3.2 3.2 6.4 — 30 —
8 — — — — — — 100

Each diet was fed to the fish in each lot as shown with same number.
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Table 2. Average growth with different diets in weight (£).

Top : average body weight. Middle : coefficient of variety. Bottom : mortality of fish.

Lot
Periods
(days)

\
1 2 3 4 5 6 7 8
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Fig. 1. Average growth with differnt diets in weight on fish.
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Table 3. Showing the condition factors of fish fed with different diets.
(Body weight/Body length3 x 1000)

Lot
Period 1 2 3 4 5 6 7 8
(days)
I 19.9 19.8 20.5 19.4 19.8 19.6 ‘ 19.6 19.0
7 19.1 18.6 19.1 18.6 19.3 19.2 18.6 19.3
21 19.4 18.6 10.7 17.5 18.7 17.9 18.7 18.1
35 19.6 17.7 18.4 19.1 19.6 18.7 18.3 19.2
43 19.4 18.4 18.2 12.0 19,1 18.2 ‘ 18.4 19.2
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Table 4. Showing the difference of hepatosomatic value.
(Liver weight/Body weight x 100)

Lot 1 ) 3 4 5 . 6 7 . 8

1.119
+0.134

1.379 1.657
+0.197 +0.227

1.603 1.580 1.474 1.791 1.459
+0.501 +0.250 +0.332 +0.440 +0.171
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Fig. 2. Showing the fluctuation of erythrocyte on fish fed different diets.
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Fig. 3. Showing the difference of protein values of plasma with different diets.
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Fig. 4. Showing the difference of hemoglobin contents with different diets.
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Fig. 5. Showing the difference of hematocrit value with different diets.



Table 5. Total conversion of the diets.

Lot Average weight of fish (&) | Total gain Food intake (£) Food conversion
? at start at end (g) (wet) (dary) (wet) (dry)
1 123.9 268. 4 2,167.7 5,583 3,009 2.58 1.39
2 125.4 206. 4 1,054. 4 3,663 2,004 3.47 1.89
3 129.7 205.2 1,057.5 4,436 2,775 4.20 2.57
4 123.1 199. 4 1,144.8 4,480 3,016 3.91 2.63
5 122.0 282.6 2,409.2 5,068 3,204 2.48 1.37
§} 119.6 245.5 1,888.1 5,623 3,278 2.98 1.74
7 132.7 267.2 2,018.8 6,541 4,513 3.24 2.23
8 120.6 268.7 2,147.2 11,107 2,677 5.17 1.25

DI BWTH 22D T, EHEADHELENTETIZ, ~NWFELCH D ExBbitizy, ZOREEHMIC L
B ONE BT,

Table 6. Periodical conversion of the diets.

Days 1 2 3 4 5 6 7 8
0— 7 1.13 1.15 1.55 2.55 1.12 1.28 2.73 1.01
721 .15 1.70 1.55 4.08 1.20 1.52 1.85 1.59
2135 1.54 11.42 8.23 2.01 1.41 2.04 2.34 1.18
3543 2.65 1.30 9.74 3.58 2.92 2.92 3.36 1.50
6 H & = Table 7. Availability of main components
IH{EEREE Table 74 iR Lic, BRIES M7 &0 #irt in diets (%).
LTl oIeDT, LEMCZ OEXFIFTS Protein Carbo- Fat
LECERGS, 0GMRME oM LR e Ey hydrate
RLIZ M TH -1, 2 87.7 67.1 85.5
] 3 92.4 66.9 98.0
(1) B &I O— iR (b SR AR 4 - 70 8 6.5
AR TR ORIETHA, TFEO —R LR R 5 90.2 75.6 97.3
{tA Table 8, 9 WiRL7Tz, 6 91.5 74.1 97.2
T o bR E 7 BEIKRS, L, SRR 7 90.7 82.5 82.2
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Table 8.

Chemical composition of liver (%).

Lot Water Protein Fat g;é?gt_e Ash
1 62.9 11.9 16.5 7.6 1.1
2 62.2 1.4 17.6 7.3 1.2
3 64.8 13.2 17.5 3.0 1.5
4 49,4 9.9 36.7 3.0 1.0
5 63.1 12.7 14.5 8.5 1.1
6 58.0 10.9 24.1 5.8 1.2
7 58. 1 10.1 24.0 6.6 1.2
8 60. 4 12.4 20.5 5.8 1.1
Table 9. Chemical composition of flesh (%).
Lot Water Protein Fat gg‘;g‘;gt'e Ash
1 73.9 21.2 3.2 0.4 1.4
2 73.8 20.2 4.3 0.3 i.4
3 72.7 20.0 5.3 0.2 1.7
4 72.2 20.1 6.1 0.2 1.4
5 72.7 20.6 4.8 0.3 1.7
6 71.9 20.7 5.6 0.3 1.5
7 71.2 20.7 5.9 0.3 1.4
8 69.9 21.3 6.5 0.4 1.4
Table 10. Fatty acid composition of diets (%).

leds\m\t 1 2 3 4 5 6 7 8
Cc 12:0 2.6 1.1 0.3 0.3 0.7 0.3 0.2 0.6
C 121 1.2 Q.4 0.1 . 0.2 0.4 0.2 0.1 0.4
Cc 13:0 1.4 0.3 0.1 0.1 0.5 0.1 0.1 0.4
Cc 14:0 4.8 1.7 0.4 0.4 4.0 4.0 3.6 5.1
Cc 14:1 1.1 0.2 0.1 0.1 0.5 0.4 0.4 0.8
C 15:0 0.9 0.3 0.1 0.1 0.5 0.3 0.3 [
Cc 16:0 16.1 14.1 13.4 13.1 14.3 13.2 13.6 17.8
Cc 161 4.7 2.5 0.9 0.7 8.0 10.2 11.4 10.0
Cc 18:0 4.3 2.6 2.2 2.4 3.0 3.0 2.9 2.8
c 18:1 15.5 26.9 33.0 33.0 23.4 23.6 23.8 9.4
C 18:2 9.9 32.3 41.9 41.6 10.4 2.1 1.4 1.1
C 18:3(?) 0.2 0.2 0.3 0.2 0.1 t 0.1 t
C 18:4(7)
C 20:0(?)
C 201 4.8 1.6 0.9 0.7 6.9 9.6 9.6 4.9
C 20:4 0.5 0.2 t 0.2 0.4 0.4 0.3 0.8
C 20:5 7.1 1.6 0.3 0.4 8.8 12.3 12,1 13.9
Cc 22:1 0.7 0.9 0.7 0.1 4.6 6.8 6.6 1.3
C 22:5 0.8 0.9 t t 1.1 1.2 1.6 1.2
C 22:6 6.5 2.3 l 0.6 0.4 4.4 5.4 4.9 17.3

t : trace
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Table11. TFatty acid composition of flesh and liver on yellow-tails

fed the basal diet (lot 1). 79
_— Liver » Flesh
Fatty acids Days\ 8 21 43 1 8 21 43
Cc 12:0 0.01 —_— 0.01 0.09 0.18 0.06 0.23 0.24
C 121
C 13:0 0.02 — 0.00 t 0.07 0.05 0.08 0.23
C 14:0 2.67 — 0.27 1.01 3.71 2.35 3.95 2.51
C 141 0.41 — 0.02 0.06 0.74 0.45 0.46 0.26
C 15:0 0.60 — Q.01 0.03 0.89 0.67 (.60 Q.27
C 16:0 18.79 —_— 22.46 13.41 18.77 17.82 20.95 18.24
C 16:1 7.05 — 6.32 3.90 9.34 8.80 9.08 6.97
Cc 18:0 5.47 — 10.63 | 8.27 4.68 5.25 5.56 7.61
C 18:1 18.27 — 58.25 60. 58 14. 46 12.99 18.30 29,07
C 18:.2 1.52 — 0. 14 2.93 1.54 1.59 2.16 3.56
C 18:3(7?) 0.22 — 0.05 0.21% 0.21 0.26 0.24 0.23
C 18:4(%)
C 20:0(?)
C 201 3.67 — 0.33 1.14 4.37 3.97 3.72 2.78
C 20:5 9.96 — 0.03 0.63 10.52 10.27 8.29 5.63
C 22:5 5.04 — 0.09 0.28 1.25 1.43 1.78 1.65
C 22:6 13.50 — 0.36 1.44 18.09 22.26 15.87 11.52
t :trace
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Table 12. Fatty acid composition of liver and flesh on yellow-tails fed the

combined diet with 5% supplemental of corn oil (Lot 2). (%)
\ Liver Flesh
Days X
Fatty acids 1 ‘ 8 21 43 1 8 21 43

c 12:0 0.01 0.07 0.03 0.07 0.18 0.09 0.06 0.10
C 12:1

Cc 13:0 0.02 0. 11 0.01 0.02 0.07 0.05 0.04 0.37
C 14:0 2.67 1.43 1.65 0.65 3.71 3.39 3.80 1.48
C 14:1 0. 41 0.23 0.07 0.07 0.74 Q.55 0.16 0.18
Cc 15:0 0.60 0.42 0.1 0.03 0.89 0.70 0.63 0.26
C 16:0 18.79 17.22 11.17 1.77 18.77 18.25 15.57 11.68
C 161 7.05 4.83 4.55 2.65 9.34 7.95 7.93 3.84
C 18:0 5.47 5.80 9.14 8.55 4,68 5.23 3.20 3.72
C 18:1 18.27 26.83 50.24 56.20 14.46 14.01 13.76 48.54
C 18:2 1.52 15.34 13.20 9.29 1,54 3.55 6.71 6.23
C 18:3(?) 0.22 0.40 0.06 0.13 0.21 0.14 0.20 0.14
C 18:4(9)

C 20:0(?)

C 20:1 3.67 2.04 1.89 1.93 4.37 3.84 3.71 1.8%9
C 20:5 9.96 3.90 0.85 0.53 10.52 9.91 9.18 4.13
C 22:5 5.04 2.10 0.62 0.57 1.25 1.47 1.15 0.99
C 22:6 13.50 9.47 2.51 .11 18.09 20.00 20.29 9.44
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X hkEy, Tt oleic acid, linoleic acid OBIMAZE L <, MOEEEFIIEIRIND LT
%, BRI OWTHRBETH B2, FOBIID LN THS, Lot 2 DB L L Bt - T, R NEIEE
AR EHAE  TRARE LTV B,

Table 13. Fatty acid composition of liver and flesh on yellow-tails fed the

combined diet with 15% supplemental of corn oil (Lot 3). %)
\\ Liver Flesh
Days
Fatty acids 1 8 21 43 1 8 21 43

C 12:0 C.01 0.09 0.06 0.15 0.18 0.06 0.22 0.05

Cc 12:1

C 13:0 0.02 0.05 0.02 0.08 0.07 0.08 0.04 0.07

Cc 14:0 2.67 1.10 0.67 0.66 3.71 3.25 2.16 1.32

Cc 14:1 0.41 0.17 0.03 0. 11 0.74 0.54 0.26 0.27

C 15:0 0.60 0.28 0.07 0.13 0.89 0.71 0.41 0.31

C 16:0 18.79 13.12 13. 14 12.39 18.77 17.46 15.51 14.96

Cc 16:1 7.05 3.74 2.45 3.04 9.34 8.31 6.18 6. 49

C 18:0 5.47 4.41 7.40 6.26 4.68 4,29 4.00 3.76

C 18:1 18.27 29.30 38.64 33.74 14,46 14.95 20.22 23.19

C 18:2 1.52 26.84 26.61 27.52 1.54 6.48 16.66 19.94

C 18:3(?) 0.22 0.22 0.19 0.43 0.21 0.19 0.52 t

C 18:4(?)

C 20:0(%)

C 20: 1 3.67 1.63 1.48 1.50 4.37 4.04 0.67 2.04

C 20:5 9.96 2.85 0.43 0.67 10.52 9.74 4.69 2.46

C 22:5 5.04 1.71 0.48 0.73 1.25 1.47 0.70 1.06

C 22:6 13.50 6.32 1.03 2.27 18.09 19.35 10.57 10.28
t : trace




Yotd, =~— vil30%Ein

Table 14 R L X 5 B bAGED Ditlc, < 2 TH BAR T & X ERHHO S8R &  JERmam R
ik, oleic acid, linoleic acid 233%j)nL docosapentaenoic acid, docosahexaenoic acid, eicosap-
entaenoic acid OFE L WRADADBND, HEITOWT D IS REREEN Bohb, LA LFET
D HEWTA M A LA BRI 4% — BRI TR E e B b AR+ DI LTI Tk 8 HEMK2IR ¥ TOM TR E
TR BAEDSR B LA PFFIRIE £ 3 UV BERERIEHS O BRD bt SR L A TH 5,

Table 14. Fatty acid composition of liver and flesh on yellow-tails fed the

combined diet with 30% supplemental of corn oil (Lot 4). (%>
\\\ . Liver ) Flesh
Fatty acids pays ] ‘ 8 ! 2! ’ 3 ‘ 1 l 8 ‘ > ’ 3
Cc 12:0 0.01 t 0.09 0.12 0.18 t 0.19 0.18
c o121
C 13:0 0.02 0.02 0.03 t 0.07 0.04 0.10 0.12
C 14:0 2.67 0.72 0.61 0.31 3.71 2.76 2.38 1.14
Cc 14:1 0.41 0.09 0. 10 0.09 0.74 0.40 0.34 0.20
Cc 15:0 0.60 0.21 0.14 0.08 0.89 0.63 0. 46 0.24
C 16:0 18.79 12.44 11.29 8.38 18.77 16.59 15.59 15.08
C 16:1 7.05 2.82 2.73 1.63 9.34 6.66 5.27 3.29
C 18:0 5.47 3.3% 5.04 5.14 4.68 4.42 3.86 4.20
C 18:1 18.27 31.94 33.05 38.21 14,46 16.85 22,76 27.52
Cc 18:2 1.52 34.95 36.45 36.94 1.54 11.44 22.45 28.95
C 18:3(°?) 0.22 0.18 0.42 t 0.21 0.28 0.37 t .
C 18:4(?)
C 20:0(7?)
C 20:1 3.67 1.05 1.23 1.21 4.37 3.47 2.59 2.00
C 20:5 9.96 1.60 0.79 0. 31 10.52 8.25 5.46 3.15
C 22:5 5.04 1.06 0.23 0.26 1.25 1.35 1.01 0.71
C 22:6 13.50 3.44 1.23 0.53 18.09 16.86 10.00 7.55
t : trace

Lot5, 5% % 7 Hliimx

Table 15 1% 5 % # 5 HHERINEIERC X » TRE Lic <5 O E B BHEBAR TS 5, HE0H
a5 T CRWERARAI AL LT 223, TRINHOBEL Z0F 227 TBLLThD Lt 2, EL
Wk oleic acid d#§finE docosahexaenoic acid DA TH b, & 5 FHICHEMNS S S ENTNBE
. ETEIRE R O BREIAFCERD bhie\ s, RELZEbIE 1 BRI 3B/ % oz - T 3,

AT b JTIE & BRI oleic acid OIEINfE[R, eicosapentaenoic acid, docosahexaenoic acid
DB EEDH B2, BB~ TET 0,

Lot6, 15% # 5 FFhEsinX

Table 16 W HEFABEER A LA /R Lz, Pl TIT stearic acid, oleic acid, eicosaenoic acid (Z#&/no
fH]giCd b eicosapentaenoic acid, docosapentaenoic acid, docosahexaenoic acid VXRAMERICH 5.,
AP TP & b BRISAM S LIT 2%, oleic acid, eicosaenoic acid 13#infE[% docosahexaenoic
acid WM ER AR T,



Table 15, Fatty acid composition of liver and flesh on yellow-tails fed the

combined diet with 5% supplemental of cod liver oil (Lot 5). %
N — Liver Flesh
Days

Fatty acim i 8 21 43 ! | 8 1 21 ’ 43
C 12:0 0.01 0.62 0.04 0.10 0.18 0.1 0.27 t
C 12:1
C 13:0 0.02 0.94 0.02 0.05 0.07 0.09 0.14 0.15
C 14:0 2.67 2.38 0.93 1.24 3.71 3.01 3.76 2.76
C 14:1 0.41 0.71 0.06 0.08 0.74 0.61 0.47 0.30
C 15:0 0.60 0.75 0.07 0.09 0.89 0.67 0.55 0.36
C 16:0 18.79 13.83 27.73 19.25 18.77 16.64 17.67 16.82
C 16:1 7.05 9.18 3.47 4,92 9.34 8.05 8.68 6.87
Cc 18:0 5.47 2.69 5.03 7.64 4,68 4,64 4.73 5.35
C 18:1 18.27 21.87 48.47 49.67 14.46 14.33 19.64 24.75
C 18:2 1.52 11.27 4.14 5.89 1.54 3.39 6.26 8.30
C 18: 3(?) 0.22 0.19 0.15 0.20 0.21 0.26 0.38 0.23
C 18:4(%9?)
C 20:0(%)
C 201 3.67 2.52 2.04 3.31 4,37 4,22 4,57 4.67
C 20:5 9.96 4.50 0.93 1.09 10.52 Q.88 8.67 6.27
C 22:5 5.04 2.61 0.37 0.89 1.25 1.40 1.61 2.42
C 22:6 13.50 6.09 1.04 1.66 18.09 21.31 13.58 11.09

t : trace
Table 16. Fatty acid composition of liver and flesh on yellow-tails fed the
combined diet with 15% supplemental of cod liver oil (Lot 6). (%)

\ Liver ) Flesh

Fatty acids 1 ] 8 l 21 } 43 i 8 21 l 43
Cc 12:0 0.01 0.09 0.09 0.05 0.18 0.10 0.17 0.07
C 121
c 13:0 0.02 0.03 0.06 0.02 0.07 0.09 0. 11 0.06
C 14:0 2.67 1.49 2.94 1.34 3.71 3.05 4.07 2.74
C 14:1 0. 41 0.20 0.22 0.12 0.74 0.59 t 0.30
Cc 15:0 0.60 0.33 0.26 0.15 0.89 0.64 0.38 0.38
Cc 16:0 18.79 18.35 19.34 15.74 18.77 17.90 17.21 15.16
C 16:1 7.05 7.28 10.00 7.23 9.34 8.39 9.94 8.18
C 18:0 5.47 5.83 6.10 7.38 4.68 4,29 4. 31 4.57
C 18:1 18.27 33.95 36.23 40.26 14.46 14.49 20.71 21.76
C 18:2 1.52 4.23 4,06 3.41 1.54 3.40 4.03 3.97
C 18;3(?) 0.22 0.17 0.26 0.19 0.21 0.22 0.17 0.12
C 18:4(?)
C 20:0(%)
C 20:1 3.67 5.01 5.12 7.28 4.37 4.62 5.51 7.22
C 20:5 9.96 0.75 3.28 2.43 10.52 10. 61 9.97 10.41
C 22:5 5.04 4.01 2.12 3.84 1.25 1.74 1.50 2.10
C 22:6 13.50 8.53 2.76 3.33 18.09 19.92 12. 14 6. 11

Lot7, % 7 AFilS0% ¥

Table 17izRm Lic & 5 e ZE{EnRb bR B, & 7 il 5 L HmK & A2 ba R L oleic acid, linoleic
acid, eicosaenoic acid {33/ eicosapentaenoic acid, docosahexaenoic acid 7x & DEEAIAINEES
BRI T B EACH B,



Table 17. Fatty acid composition of liver and flesh on yellow-tails fed the

combined diet with 309 supplemetal of cod liver oil (Lot 7). (%)
- Liver Flesh
Days
Fatty acids 1 8 | 21 ‘ 43 i [ 8 { 21 43

Cc 12:0 0.01 0.08 0.10 0.05 0.18 0.10 0.34 0.06
C 12:1
C 13:0 0.02 0.04 0.06 0.04 0.07 0.05 0.09 0.03
C 14:0 2.67 1.99 1.59 1.21 3.71 3.27 3.37 2.69
C 14:1 0.41 0.26 0.20 0.10 0.74 0.50 0.34 0.23
C 15:0 0.60 0.42 0.25 0.15 0.89 0.62 0.55 0.35
C 16:0 18.79 15.13 15,24 16.15 18.77 16.67 16.65 13.98
C 161 7.05 12.76 9.50 7.24 9.34 9.13 9.68 9.33
C 18:0 5.47 3.84 5.12 7.08 4.68 4.81 4.54 4.25
C 18:1 18.27 24,26 34.90 36.75 14.46 15.17 18.35 22.05
C 18:2 1.52 1.61 2.09 2.09 1.54 1.60 1.82 2.01
C 18:3(%?) 0.22 0.25 0.19 0.24 0.21 0.45 0.13 0.26
C 18:4C ‘? )
C 20:0(%)
C 20:1 3.67 4.73 6.93 7.45 4.37 4.77 5.93 6.58
C 20:5 9.96 8.62 5.94 3.74 10.52 10.66 11,51 9.49
C 22:5 5.04 3.59 3.65 4.30 1.25 1.74 1.50 2.13
C 22:6 13.50 11.91 4.60 4.10 18.09 19.48 13.43 12.25

Lot8, £ #»7 =X

Table 18 1R LI & 5 BELBRD bR, SORTRLEE LT SBIEFROGE &M A2 BT
THE DTN 7L, A O BSEFREEOXZINV NIV L THE, BEEEBKICA SN oleic acid
OEBERHEILLAD BRI,

Table 18. TFatty acid composition of liver and flesh on yellow-tails fed

raw sand eel (Lot 8). (%)
\ Liver Flesh
Days |
Fatty acids ! l & | 2 43 ! ‘ 8 \ 21 ‘ 43
c 12:0 0.01 0.01 0.20 0.06 0.18 0.06 0.12 0.32
C 2.1
C 13:0 0.02 0.02 0.04 0.06 0.07 0.06 0.11 0.30
C 14:0 2.67 1.69 2.79 1.68 3.71 3.2 3.88 4.49
C 141 0.41 0.55 0.36 0.27 0.74 0.52 0.51 0.64
C 15:0 0.60 0.57 0.68 0.46 0.89 0.77 0.71 0.84
C 16:0 18.79 13.30 18.81 16.47 18.77 15.58 15.75 17.63
C 1611 7.05 9.29 7.82 8.59 .34 8.41 8.32 9.73
C 18:0 5.47 4.19 4.09 5.03 4.68 5.03 3.99 4.17
Cc 18:1 18.27 14.05 12.27 19.73 14.46 12.61 11.13 11.13
C18:2 1,52 1.66 1.65 1,51 1.54 | 2.37 1.44 1.49
C 18:3(?) 0.22 0.28 0.20 + 0.21 | 0.35 0.23 0.23
C 18:4(2) !
C 20:0(%)
¢ 20:1 3.67 2.3 3.34 2.55 4.37 ) 4.59 4.83 3.86
C 2:5 9.96 7.01 .96 6.17 10.52 ' 11.35 11.67 8.86
C 22:5 5.04 2,95 2.83 5.20 1.25 | 1.85 1.06 1.55
C 22:6 13.50 22,26 20.70 11.95 18.09 | 22.86 24.03 16.64
t :trace
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REBOKR, BEELA, 2 - VvHElRE 2 SRR ENRD LN D LR I ORAEEE E A h T
EOMIZbEZNH BT L THD, HiELER FEACCMPEHRESERT, REINFEHRE —RLFs
DYRER, BHEBERZ L X {Fbn T %,

SR 1 2 A OFMBR/REIPER T b o EREEERSR (KEEDS 1964, 1963, FgiR 5 1964, 1965,
3t 1964, 1965) L HBILC, &K - BFEOENNIVI &, MEHERCE LI ENKE LT L
i Mla s = P RKECRB LISV I SERBRE LD DTHA I, BHEICDVTH, FELD
1775 > I IBFRBUEE O~ ~ FERIFRBR O R T, 1 » 0 =R EXTHE 200 2 §i# % Co JEREEREINE R
BELL, 20 EOHEEZRLUTWAOIGEN L, S EIOB CrRmET i EMEOHINEERD bhitl,
ORISR OB & OBRBLET OV TS BT E 277> TP BERH S 5,

MEHED &R Th 5 iR, MEDEE, REMEy v, FERknEkAERE (nean corpuscular
volume) SFEHARMER MEFEE (mean corpuscular hemoglobin concentration) “EHkMmER ML, 32
(mean corpuscular hemoglobin) # & Lz, FEIILKRT L -7,

PR MERZSE (mean corpuscular volume=M. C. V. )

MC V. =10Ht/R (u3) {2 Ht:REME)

R« ¥k (1007 /mm )

SEEAR MR M R (mean corpuscular hemoglobin concentration=M. C. H.C.)

M.C.H.C.=100Hb/Ht (%) 7=72L Hb; mfa3kE (8/d0

SEYgR BRI (6358 (mean corpuscular hemoglobin=M. C. H.)

M.C.H.=10Hb/R (u £)

S DFEEA Table 19 R L. & OFEMICITICERIIED BRT, o~ vl XKL 2 7 FFhiks

Table 19. Analysed descriptions of blood conditions.
A. Mean Corpuscular Volume (u?)

Lot
;;;;;\\\\\\\\ 1 2 3 4 5 6 7 8

1 (127.5)

7 115.1 89.0 112.4 115.9 85.7 95.6 109.5 92.5
21 80.0 | 110.9 94.3 100.5 104.5 106. 4 84.2 76.4
43 98.1 133.6 100.8 98.7 88.5 85.3 91.8 101.6

B. Mean Corpuscular Hemoglobin Concentration (%)

Lot
Dave Lot i ° 3 } 4 5 6 7 8
1.0
7 20.4 23.5 27.6 22.0 28.3 28.1 26.5 26.3
21 26.7 26.1 26.6 6.1 20,1 29.8 31.3 30.3
43 7.1 26.7 28.0 30.0 8.9 28.0 32.0 07.

C. Mean Corpuscular Hemoglobin (u )

Lot
ey 2 3 4 J 5 L;_ 6 7 8

(26.9)
7 23.5 20.8 31.3 25.7 24.1 26.4 28.9 24,4
21 21.9 29.0 24,9 25.5 32,7 31.4 26.2 23.2
43 26.5 35.6 28.0 29.4 25.7 24.0 29.0 27.6
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B A e MR A R LT ody, = — VIR OkmERS, el mEEEOMIMENDIT,
SHRPEEBERRREARLTHALDE L L5, FEES (1965) i3~ = F D MmEHRIC-OWT, ik
fERMaER, FEROROEREEIRRECHER>Tr 21 Vo — TROBINERT EBTH 528
COEBRTIY 1 2 AXOHIC Z D X 5 RIS bl o1,

BEPMEHERCED b= — Vi, & FHHOZRRHED BEE L &0 L 5 7t BREEH I H507
Ay (1963) ixfa DK B ROMABRYIRET 5 —BER L 755 2 BT 223, AEBRD
SRR OV CRA—MERINR & & BT 5 5N 2 — VIR DEHEIID VDT, ~<FOrE
L 2 SIHROAICREVEVWZ I, 2~ ViR, 2 AR\ TRERMESEER T 5 L IERREX
MNAXLABT ik Table 5 KFELE, THIOWTIL, BEERNHEETHB0D, HINMENS VLI
EImz BXRERP R ey, EMBPHELSGOT, REMEIHEMLTLE S LD EELLRLD,
—%, SROMONREIBEORE, ERRITIA OHOFELEOL VWO TREEY & HFELTLES
ZEIXTE IRV, ’

Table 5 LEERIOILEEADATFER (Table 20 ) 225 1 EHh-p DELECHEIWCREL EREE
REH LicDs Table 21 THB, chab, =z—VHlIKE 2 SHFHRCR bR KRS MRHERO 24X
BEAEREDENSELUTOBEO TRV LIS, ZORREREITBOMCH 5B X -
THHENTHDEDTHS 5, Larl, BPRLEARLY = — VIR & 2 7 IFHXTHET 5 WL
2 SRR OFABEED AT, PaiLLies Hal= O = ACDWTHRNTWS L 5K~ =FTh & 5 FFliE
= —VilL b BRI E L B,

Table 20. Chemical composition of diets (%).

LOt' i \ 2 \ 3 4 5 ‘ 6 t 7 8
Water ‘ 46.1 ’ 45.6 39.9 ‘ 32.4 44.8 41,7 ‘ 31.0 75.9
Protein 75.7 71.5 63.4 52.9 69. 1 63.4 53.7 61.4
Fat 8.8 12.4 21.8 34.9 14.8 22. 1 32.9 27.9
Carho. 8.7 8.2 7.7 6.2 8.4 7.4 7.6 t
Ash 6.8 7.9 7.1 6.0 7.7 7.1 5.8 9.8
t : trace

Table 21. Protein and calorie efficiency.

Total Total Total Cal. required |Protein required
Lot food protein calorie per g. of fish [per g. of fish
intake intake intake produced produced
(8) ) (g) (cal) €D)
1 3,009 2,277.8 12,541.6 5.8 1.0508
2 2,004 1,432.9 8,625.3 8.2 1.3596
3 2,775 1,759.4 13,337.4 12.6 1.6637
4 3,016 1,595.5 16,603.4 14.5 1.3937
5 3,294 2,276.2 14,599. 1 6.1 0.9448
[$} 3,278 2,078.3 15,803.2 8.4 1.1007
7 4,513 2 423.5 24,429.2 12,1 1.2005
8 2,677 1,643.7 13,296.9 6.2 0.7655

EEHBRRNMEIC X > TET 200k, OB ELRESEIERSEELFEDD L TEELNENRY L
DI EERTD, REBRTILS 0 & 7 RGN R L RIROT, 1 kg ~~F4ECH 508 0 EHEL
ME L LT3, Paicues B (1964) 2% brown trout T 1 kgD B ECNELRELE L LT 8008 nfii



HLTWADIRHN, PEWEE > TW5,

EERL DELA LD B VR B O A B RGH OV 378 5 R L BARNEVG O e b highy, Lo LEGIER
DWW IRRESS (1962) MR TV 5 X 3@ Tunison and McCay (1935) 235 v < A2\ T fF D
EWEBENT7 % TH20% THL IR OWRILRICEN I L BTV B DI LT, KEROWLECIE, @
B0 LBMiE (0% E) OBIEECL 5 THY, BEEORBFINEILRIE 5 BT E
HERB LD LHEMIND,

BRI ORLA L OIS DTSR TCHFSE, B L TP BERHH 5,

R MR D% & AR OBR A RET 2ROWERBS E D X 5 iTiabh 20 M5 b 0—E &
L TR BT 2Tk > T THRBDOFERIY, =3~ vilXKE 2 SHEDOEERL TV DD,
—75, BAERIR EA »F T X EDEDBEEITR LT T,

FFBRHICDWTIE, 1 4> s REKIERAEHNRE X DN fEzrRlL, SREERECKSE S XX
EhENHD I D, REMBCIITEREA NI 5 LADRDOREANEENTWDLDLEL DR
B, MLAEBERTE = —vil, 23Filev 5 moBEC» b LT I0GmRMK TR/ANDENRE T
WhHZ EnD, RS OREIESHFERE Y RO ZBRDO—D L t> T D 2 &M ERIE Nz,

HSIEEARAHC D\ T, BLAERIK &1 7 7 SR OBILEED D D, FEHCEL A TR 5K TR T
BLDBD BT,

BT BT AEHEOEEC OV TIEL B BEDAPHEL TS, RE (1929) XorF, a1 A
7 o RBINE B2 B, RGEEIEIIC IR o L, #K D (1963) § = oA oW TR
Wi BEIEHEAHEC s IS THENAKRELC EXED T 5, Ketey 5 (1958) 475 (Mullet) @
DN TERR RO BTG LA FBIET D &7 {FRFRIND L Tw b, 4[E, ~=TFiIeonTi
DFE LS BB BT O F 2 AIRECELH Db T\ 2 3B BT e o o, B ERFR Oz

70 1 X- basal diet with corn cil
O basal diet with cod liver oil
A basal diet only
L A ® sand eel diet
60 [ 4
st B
3
° 3" &
30 t
20 (o]
0 5 15 30

Supplemental fat in diets %

Fig. 6. Relation between the concentration of oleic acid in liver and supplemental fat in diets.




Feiisl, O RS OHELBLOTIRAV N EEZLDND, BORIEEORTRL ZLLDL oleic
acid DEEEETH Y, D BIHFEEERZELL - BIAMEO &L 51T\ 5 & i bh b, oeicl acid
DB LA HEEMMER LR Lieod Fig. 6 THH, UL SHEHREHR21IH H L4380 Bt 3 Btk
RLbLDOTHD, ZOHEMIMTEEIENMENTRIN TS, H2rbBbril 5t~ viliRd 57
TR BT X 51 5 BEHMKIZEsi) 5 oleic acid 0BRSS\ U, HERIKIEX & bliekEieffxRT,
MacponaLp (1962), MacoonaLp B (1964), CaseL & (1965) (XIELER o\ TRkl R R L O FEE
T, FFEE BBIHEAL M/ & o BHRER O 2 5 — v B L, 5 starch (% oleic acid D&
BHRy FRAIED ERRTND, ~TFOEEI L starch OB L T oleic acid OB - T
WhELHERIE MDD, OB, starch OBETERI RS EAROBE L FHIMCEHR TS5 L5 T
BB, UL, 7=/ —VEREEETIE LR KL E & oleic acid O-FERIIEHC HEILRDBM
oot

ok B (L983NLHKED = 2 < A TIRERC L - THEAICE £ h T 2 lEEROREERIRRS
=2 ARREE D HREVCIRD L TP OPBEINTH 5 LT3, S OBRGIARRD L 5 ielgE
BDOATFEOWTLRETH o 1o, ~TFIDOWT S AERCHER LR AR OB &I oleic acid D
Bl & VI BEANERIIRIFER O 2t Fd bt hs, AT Z S Tl 527 Bacik e —vilic <
BT EERSFNRBEE O BT T UE E FL kv, BEIREHEL KA T B T3 212
Wz, 2—vHRI D F FHHROFCE L BWBIRTH50T, fBpHhO BE ko BRI
Wh L3 AOIRHEETHS 5P, SO OB, o SRS & D R, Moy © @ &0
lipogenesis WA XM EALE 2 TWBZ ENHERITE S, /i, oleic acid & HENFEHEEOF T
BRI A (@ 2 7R docosahexaenoic acid & DEJH% Fig. 7R Lz,

60} ©
[e] o N flesh @) liver
(o]
507 oo X
40 o
O
o} o o
® o © o O
2 30 © fo)
& X o X
£ X o
X
Q
20 o o X X .
x Xoxx X
0 Lo X
0 A I
2 4 6 8 10 12 14 16 18 20 22 24

Docosahexaenoic acid. %

Tig. 7. Relation between the concentration of oleic and docosahexaenoic acid in flesh and liver.

stearic acid % oleic acid& EfEICV 3 L fHEF @ stearic acid D& EL FICERE X T\ 5 , stearic
acid & oleic acid OBRA R LI-OMN Fig. 8 TH 51, oleic. acid OBEEhT stearic acid o#gHn & 48
Bnds L5 ThHsd CHBEGRE r =079, Lo L, BHEICOWTLZ OEMIZERD bhd R —EDE
M &5, oleic acid % stearic acid & DRECHBENH S & LTLEEN BV 2T oleic acid 7FEL
%<, ZOEBHBIREHCERIASCT I nORERLDTHS S,

linoleic acid ¥ = ¥ X AR D\WTHERBRETH 5 &b T B~ F TP LTy, Fig. 91
TREND L5 CBEOFGA - FFECER S 15 linoleic acid (%, =2 —vililX, % MR CHLMTEL
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Fig. 8. Relation between the concentration of oleic acid and stearic acid in liver.

- Tk b, £ OERE TR Plinoleic acid HREIC K& < £ E 5 (Fig. 10), F &, linoleic acidDFERFix
FHC DU TR RS 1B E CoBCR - Tk b, ThBrREE—EolaiE+s, Hrfe
ER S h 5 linoleic acid BIfFMIC AT~ ICEBPOTACHEEI NS,

Grucer & (1964) ¥ RT3 L 5 CHEEERECII—T linoleic acid &8 IX s\ 23, KEE O 8
&, &ff © IBIfEED 1 5% LA kA fERE L TV 7, linoleic acid (Z < FDERICHAHATH D0EN 1L b
Hhigwd, SEHEARRICKEIHELELD LTV,

Meap & (1960) 1= X % & I k1 5 BEARERERBORBIIFHEC KT 2 L D LBEICITIEEA L
ZI>57, linoleic acid #% arachidonic acid ITERE X N D EIR-NTW 58, ZOX 5 isRBIEK D 2 &
LT% linoleic dcid ASEBENEMEHRICERINTERINS Z Likbhbighs o,

B OEHEBANTRERN B, BEMCLD &, EROHE, E&LOBEMIEHBRERCEHbhTw5
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