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Effects of low salinities on the growth and metabolism of

juvenile Japanese flounder (Paralichthys olivaceus)

Setsuo SAITOH, Atsuko SasAkf, Hai—Ou LI,
Motohiro SHIMIZU® and Juro YAMADA™
Hokkaido Institute of Mariculture,
Shikabe, Hokkaido 041-14, [apan
*Faculty of Fisheries, Hokkaido University,
Hakodate, Hokkaido 041, Japan

The growth, feed efficiency, body composition and standard metabolic rate of
juvenile Japanese flounder (Paralichthys olivaceus) reared in 100%, 75% and 50% sea
waters were compared. Fish weighing about 0.44g (60 days after hatch) were reared
on sufficient food supply for 50 days. The growth rate and feed efficiency were high-
est in the group reared in 50% sea w;at.er. and decreased in the order of 100% and
75% sea waters. Moisture, ash and crude protein contents of the whole body de-
cresed with a fall in salinity. On the contrary, lipid contents increased with decreas-
ed salinity, The standard rate of oxygen consumption declined with the growth of
the fish, especially in 50% sea water, In comparison with the others, fish reared in
50% sea water showed a better growth by allotting more energy to the growth than
to the basal metabolism.
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Table 1. Sequential changes of total length (TL). wet body weight (BW) and

condition factor (CF ) of juvenile flounder reared in different salinities

for 50 days.
Tt — Rearing period in days
0 10 30 50
100#SW TL(cm)  3.853%0.038 5. 125+0. 061 8.007%0. 110 11.004+0. 153
BW(g) 0.443%0.012 1. 069+0. 039 4.423+0.191 12. 257+0. 790
CF 1.239+0. 021 1.320%0.018 1. 436+0. 026 1.615+0. 023
T5%SW TL(em)  3.853+0.038 5.111£0.074 7.979+0.118 10.754%0. 163
BW(g) 0. 443=+0.012 1. 067 %0. 043 4. 406+0. 199 12.127+0. 841
CF 1.239£0. 021 1.377+0.036 1.493%0. 027 1.727£0.017+*
50%SW TL(em)  3.853+0.038 5. 290£0. 068 8.276+0, 115 11.459+0. 154*
BW(g) 0.443+0. 012 1.122+0. 040 4,937%0. 231 13.405%0. 743
CF 1. 239=%0. 021 1.225%0.017+«  1.408+0.023 1. 7180, 035+

All values are means * S, E. of randomly sampled 50 individuals. SW: sea water
*Significantly different (P<0.05) from values in 100 % SW
«xSignificantly different (P<{0.01) from values in 100 % SW

Table 2. Changes of daily growth rate, daily feeding rate, feed efficiency and survival

rate of juvenile Japanese flounder reared in different salinities for 50 days.

Rearing Daily growth  Daily feeding Feed Survival
Lot period rate rate efficiency rate
(days) @ @ % 2]
100% SW 0-10 8.28 5.75 70.93 99.33
11-30 6.11 4.75 120. 45 97.32
31-50 4.80 3.58 85. 46 89. 66
5% SW 0-10 8.26 12. 58 64.36 99.00
11-30 6.10 6.21 92.64 97. 64
31-50 4.62 4.60 96. 36 99.31
50% SW 0-10 B8.68 11. 67 72.90 99.00
11-30 6.30 B.57 111.04 99.33
31-50 4.86 3.63 132.71 99. 66
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Table 3. Seqguential changes of contents of moisture, ash, crude protein and
lipids of juvenile Japanese flounder reared in different salinities
for 50 days.
Moisture Ash Crude protein Lipids
Lot Days
7/ Wet Wt @ / Dry Wt @& /' Dry Wt @ / Wet Wt #)
100 % SW 0 80.14+0.15(13) 15.78+0.47(6) 69.34 +0.96 (5) 2.328+0.085(5)
10 79.69+£0.16(13) 15.23=0.51(6) 67.98+0.43(5) 2.368+0.156 (5)
30 77.37£0.16(13) 14.59+0.28(6) 73.26+1.78(5) 2.446+0,091 (5)
50 76.51+03102) 14.53+0.25(5) 70.80+0.97(5) 3.444%0.134(5)
75% SW 0 —_— —_— =—
10 79.24+0.14+(13)  15.01%0.28(6) 69.88+0.55%(5) 2.654+0.067 (5)
30 77.30+0.16(13) 14.15+0.22(6) 71.06%1.54(5) 2.810+0.068+(5)
50 76.42+0.31012) 13.61 £0.46(5) 67.22+0.32=x(5)  3.456+0.255(5)
50% SW 0 ——= — —_—
10 79.33+0.26 (13) 14.50+0.22(6) 73.72+1.08+*(5)  2.604+0.067 (5)
30 77.04+£047013) 1295+0.40+=(6) 69.69+0.97(5) 3.090+0.136%*(5)
50 75.90+£0.18(12) 13.68+0.19%(5)  66.62+0.61**(5)  3.638%+0.193(5)

Values are means+ S.E. Figures in parentheses show the number of fish

examined.

SW; sea water

*Singnificantly different (P<0.05) from values 100%SW
**Singnificantly different (P<0.01) from values 100%SW
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Fig. 1. Changes of oxygen consumption of juvenile Japanese flounder reared

in different salinities. Values are means * S, E. of 4~10 individuals.
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The amount of feeding for Japanese flounder (Paralichthys

olivaceus) larvae reared on rotifers and

Artemia nauplii

Tatsunari MORI, Muneharu KUSAKARI, Kouki MIURA,
Setsuo SAITO and Kanji NAKAJIMA
Hokkaido Institute of Mariculture, Shikabe, Hokkaido
041-14, Japan

The satiation time and amount, digestion time, and diurnal changes in the food
amount of Japanese flounder (Paralichthys olivaceus) larvae (4—12mm TL ) were studied
to elucidate the optimum amount and frequency of feeding. The diurnal food demand
was estimated based on the satiation amount and digestion time. The larvae were
reared on two types (S—type and L-type) of rotifers (Brachionus plicatilis) and
Artemia nauplii at 18°C under the density of 100,000 fish “ton. The results are as
follows :

1. There were some peakes within a day in the amount of food consumed by the
larvae greater than 8mm TL. The highest peak occurred after the first feeding.

2. In the feeding techniques currently employed. the amount of rotifers is a little
too sufficient for the larvae less than 5mm TL but that of Artemia is insuf-
ficient for those greater than 9mm TL.

3. The optimum frequencies of giving rotifers in a day are 3 and 4 times for 4
and 5-Tmm long larvae, respectively, and those in case of Artemia are also 3

and 4 times for 8 and 10-12mm long larvae, individually.

WXES A 165 (199093 B 3 HEZHD)
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Fig. 1. Changes in water temperature (above) and average
total length of Japanese flounder larvae (bottom)
after hatching. Vertical bars show the ranges of

measurements,

ToT i TORAEREBLE S ~2mOFATHREILE b0, 7 4 v L [EIRGIC IS AT 12 i< 2 6
RN (F s

4. E{cEsRd

fafik. 3096 FICHHEEAOFEEES LA ER%E Fig. 5 KELE. 74 V0BSEEEKE
BREOFRATOTh bHARED S 150 ) THILERNZICIE » o TAF 3 THEDEARLES. 7.
T1HLTImOFRTENEN30. 240, BLU203EMEICE BV LTFSELH -
5 EHBOEMEL

BB THREES Z 0REEMARIL S 25, SHEOTEERD 530530 E LM EERORE
YERERD, Hiczolo 1 BOEEE(LE,. Fig. 6 im L,

2R3 ImBLULE6 0mOFATH 1 B2BELTHELERDO 7 4 vBLU0 707 I TERIRZH
Thl0r g, 100~150 # ¢ LIBE—FELTHBY. BH—EO7 LY, 75 I THBEILERICEEL
RCEERLTWA, —H,. 2R 0mBLULE0.6mDFRTH., Eii@oE— 2121 HONTE
wilRicRon/ctizoh T LI RERICRAMA T L.



AR 7L TAF I TORERICOVWT 13

10p

Wet body weight(mg)

05F
£énW'=3.6615 £ nL—12.9563

r=0.988. n=45

3 5 10
Total lenght (mm)

Fig. 2. Relation between total length and wet body
weight of the larvae.
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Fig. 3. Changes in the number of rotifers (above) and of
Artemia nauplii (bottom) in the digestive tract of

the larvae of various sizes after feeding.
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Table 1. Number of satiation, rate of satiation amount, estimated number of

diurnal food demand and actual number of food for 100,000 larvae.

Total Total Number of Rate of Estimated food Actual number
length  weight sabation satiation demand for of food for
amount 100,000 larvae 100,000 larvae
% x10° x10°
nn mg Rs* RL* Ar* Rs RL Ar Rs RL Ar Rs RL Ar
4,0 0.31 11 6 5.0 5.9 4.8 2.6 16.0 —
5.0 0.57 21 13 13 51 6.8 24.9 9.2 517 3.6 M4 =
6.0 1.16 42 21 19 51 7.0 18.0 18.5 11.9 5.2 33.7 — 4.8
7.0 2.06 85 51 28 58 7.3 14.9 37.4 224 1.7 329 — 6.3
8.0 3.33 43 14.2 11.8 4558 — 92
9.0 6.11 61 13.1 16.8 10.7
10.0 7.46 86 12.7 23.1 18.0
12.0 14. 26 164 12.7 45,1 -

* Rs: S—type rotifer, RL: L-type rotifer, Ar: Artemia nauplii
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Effect of heat—treatment on the rheological properties
of chum salmon Oncorhynchus keta muscle
in association with the maturation

Koji Tsuji and Yuji KAWAI*
Hokkaido Kushiro Fisheries Experimental Station,
Kushiro, Hokkaido 085, Japan
*Laboratory of Marine Food Technology, Faculty of Fisheries,
Hokkaido University, Hakodate, Hokkaido 041, Japan

The effect of heat—treatment on the viscosity of total protein (T—P) solution
and rheological properties of muscle block of fall chum salmon (Oncorhynchus keta)
were investigated in association with the commercial quality grade of the fish judged
from the degree of nuptial coloration: S grade, silvery; A grade, slight nuptial color-
ation; B grade, moderate nuptial coloration; C grade, strong nuptial coloration; D
grade, very strong nuptial coloration. S, A, B and C—graded fish were captured at
coastal sea, and D-graded fish was captured in a river.

T-P solution showed a non—Newtonian pseudo-—plastic flow, and had a
maximal value of apparent viscosity at 30—35°C. The viscosity of T—P at 20°C was
correlated to the myofibrillar protein content in the protein of the higher grade fish.

Unheated muscle became more tender, less elastic and more viscous with the
lowering of the quality grade of fish. Muscle heated at 100°C for 30 min also
became more tender when lowering the quality grade. The elasticity of the heated
muscle was not related to the quality grade. The heat—treatment of muscle made
clearer the tendency of muscle tenderization when lowering the quality grade.

It was considered that the rheology of muscle might be affected by the decrease

in protein content, changes in protein composition, and the decomposition of protein

HXHES A 166 (199043 A 3 HEF)



22 it #El - NE #ise

by a stronger protease activity in the muscle during spawning migration.
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Fig. 1. Rheometer profile for determination of hardness, elasticity and viscosity of
muscle blocks.
Rheological parameters were measured using Rheometer NRM—2002J ( Fudoh
Kogyo Co., Ltd.) with a cylindrical plunger ( ¢ =[0mm):
Sample thickness, 20mm; clearance, 10mn; sample stage speed, 60mm/min.
Hardness, a; was defined as a stress at 5mm deep (e) from the surface;

elasticity, b/a x 100; viscosity, d/c.



Table 1. Chemical composition of dorsal muscle of chum salmon.

Stage Quality grade*' Sex  Sample Moisture Protein*? Free amino acid Simple lipid Phospholipid Astaxanthine
Ne (g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (mg/100g)
Pre—spawning S Male 1 T4. 64 22.29 1.09 1.58 1.00 0.830
2 72.83 21.24 0.98 3.63 0.94 0. 566
Female 3 74.32 22.69 1.08 1.38 1.02 0. 521
4 75. 62 21.54 1.19 0.42 0.88 0. 687
A Male 5 74. 58 21.98 1.13 1.27 1.10 0. 609
6 74. 64 21.68 1.01 1.68 0.98 0.533
Female 7 76. 83 21.51 193 0.3 0.93 0.611
8 77. 36 20.13 I 0.59 0.89 0. 501
B Male 9 75. 61 21.28 1.13 0.70 1.05 0.673
10 75.19 22.07 1.01 1.00 0.96 0. 561
Female 11 7.9 20. 44 1.15 0.28 0.99 0.530
12 76.23 21.47 1.08 0. 56 0.91 0. 499
(D Male 13 76. 60 20. 42 1.14 1.03 1.14 0.039
14 76. 34 20. 58 L2 0.92 0.93 0.124
Female 15 77.24 20.32 1.22 0. 55 1.08 0.343
16 75.90 21.01 0.56 1.61 0.98 0.178
Spawning D Male 17 80. 21 17.95 1.27 0.29 0.69 0. 051
18 78.80 18. 39 1.09 0.62 0.88 0.031
Female 19 7. 67 19.07 1,16 1.4 1.10 0.047
20 9. 30 17.24 1.31 0.84 0.95 0.031

*1 The commercial quality grades of fish judged from the degree of nuptial coloration: S grade, silvery; A grade, slight

nuptial coloration; B grade, moderate nuptial coloration; C grade, strong nuptial coloration; D grade, very strong nuptial

coloration.

*2 (Total N) x 6.25 — (Free amino acid)
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Table 2. Autolytic activity and sarcoplasmic, myofibrillar and alkali-soluble protein
content of chum salmon muscle.

Stage Quality Sex Sample Autolytic activit.y" Protein composition® :
grade™! No pH35 pH63 Sarcoplasmic Myofibrillar Alkali-soluble
Pre- S Male 1 0.972 0.137 8.26 11.94 2.29
spawning 2 0.727 0.217 8.33 11.64 2.50
Female 3 0.718 0.142 8.41 12.26 2.25
4 1.190 0.175 T.52 11.74 2.34
A Male 5 1. 246 0. 203 9.36 11.74 2.09
6 1. 298 0.170 8.50 11.88 2.55
Female 7 2.035 0. 255 6.85 11.59 1.68
8 2.332 0.208 6. 48 11.90 1.67
B Male 9 1.289 0.019 7.74 11.46 2.47
10 1.133 0. 260 6.53 11.41 2.32
Female 11 1.728 0.038 6. 86 11.08 1.55
12 1. 888 0.212 7.09 12.28 1.93
C Male 13 2.101 0.179 6.54 11.76 2.10
14 2.724 0. 255 6.33 12.51 2.12
Female 15 2.129 0.170 6.64 10.74 1.91
16 1. 298 0. 260 7.33 12.11 2.01
Spawning D Male 17 4. 966 1. 256 5. 20 9.46 1.72
18 5. 008 1. 855 4.83 11.14 1.70
Female 19 3.082 0. 269 6.10 11.06 2.51
20 4.999 1.053 4.03 11. 32 1.79

*1 The commercial quality grades of fish as shown in Table 1.
*»2 pmol Tyr/g muscle/h
*3 g/100g muscle
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Table 3. Solubility of sarcoplasmic (Sp—P), myofibrillar (Mf—P) and total protein
(T-P) heat—treated at 60°C for 15 minutes.

Stage Quality Sex  Sample Protein solubility (%)
grade™ No Sp-P Mf{-P TP
Pre—spawning S Male 1 9.44 80. 43 63.72
2 8. 57 64. 77 45, 61
Female 3 8.44 80.99 65. 41
4 12. 57 84. 76 73.056
A Male b 11. 20 84.94 73.30
6 13. 36 65. 87 64 43
Female 7 12. 32 91.17 87.20
8 18. 48 82.29 84.75
B Male 9 11. 86 80. 75 72. 42
10 12. 81 74. 55 67.10
Female 11 1.7 88. 59 79. 88
12 14.13 81. 27 80. 00
C Male 13 14. 67 82.35 78.30
14 16. 04 74.43 71.35
Female 15 13.98 91.18 87.10
16 14. 61 79.94 71.87
Spawning D Male 17 26. 47 89. 49 91.23
18 23.08 73. 64 90. 58
Female 19 23.36 68.97 74.73
20 27.27 79.11 83.14

* The commercial quality grades of fish as shown in Table 1.
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Table 4. Flow equations*', s= #D0 of heat—treated T—P solutions from chum salmon muscle.

Stage Quality Sex  Sample 20C 30°C 35C 40°C 50°C 60°C 80°C 100°C
grade*? Na 4 n #£ n 2 n 2 n £ 1 4 n 4 n 4 n
Pre-spawning S Male 1 1.88 0.41 2. 0.35 == - 0.39 054 0.09 0.74 0.10 0.70 0.07 0.77 0.15 0.59
2 1.54 0.50 2.75 0.38 2.8 0.34 0.17 0.76 0.10 0.75 0.17 0.67 - — 0.06 0.81
Female 3 2.47 0.34 2.44 0.37 = — 0.18 0.70 0.09 0.71 0.13 0.63 0.07 0.77 0.05 0.83
4 2.82 0.41 4.59 0.31 4.12 0.30 0.41 0.60 0.14 0.68 0.12 0.74 = — 0.03 108
A Male 5 0.53 0.62 1.58 0.42 = — 0.18 0.67 0.07 0.75 0.14 062 0.05 0.88 0.06 0.78
6 1.17 0.49 223 0.37 219 034 0.20 0.68 0.06 0.85 0.08 0.77 - — 0.04 0.86
Female 7 294 0.37 4.30 031 — — 0.34 064 0.08 0.82 0.13 0.70 0.04 0.94 0.03 1.07
8 391 0.35 549 0.29 6.45 0.27 0.65 0.53 0.13 0.73 0.18 0.67 - = 017 0.59
B Male 9 1.73 0.47 4.00 0.31 = - 0.20 0.73 0.10 0.74 0.08 0.79 0.03 1.02 0.03 0.99
10 1.04 0.55 2.71 0.34 222 0.36 0.25 0.64 0.04 0.94 0.06 0.8 = — 0.03 0.94
Female 11 3.85 0.37 5.40 0.30 == - 0.36 0.66 0.13 0.73 0.07 0.89 0.08 0.79 0.03 1.06
12 295 0.38 4.30 0.31 4.11 0.30 0.40 0.61 0.13 0. 0.15 0.69 = = 008 0.73
C Male 13 1.48 0.48 2.78 0.36 = — 0.24 0.64 0.14 0.63 0.16 0.56 0.03 1.04 0.07 0.75
14 1.44 0.53 3.41 0.35 3.60 0.31 0.26 0.9 0.06 0.85 0.09 0.77 - — 0.04 0.88
Female 15 1.22 0.56 3.00 0.38 = — 0.32 0.62 0.08 0.79 0.03 0.06 0.07 0.80 0.02 1.15
16 0.82 0.60 2.58 0.37 3.49 0.20 0.11 0.85 0.09 0.73 0.06 0.85 —= = 0l 149
Spawning D Male 17 3.48 0.39 6.52 0.28 = — 0.43 0.61 0.08 0.87 0.07 0.89 0.09 0.81 0.08 0.80
18 1.90 0.50 6.10 0.28 6.11 0.27 0.57 0.56 0.13 0.75 0.14 0.72 - — 0.09 0.74
Female 19 0.86 0.59 2.38 0.39 - - 017 072 0.07 0.79 0.14 0.61 0.09 0.73 0.05 0.78
20 1.90 0.47 4.27 0.31 3.62 0.35 0.31 0.64 0.06 0.83 0.07 0.80 = = 0034 1.0

Protain solutions were heated for 15 minutes at each temperature,
rotational viscometer ( Tokyo Keiki, Co., Ltd.) with HM-1 rotor.

*1 Flow equations, s =2#D1: s, shear stress; D, shear rate; #, non—Newtonian coefficient of viscosity; n, non—Newtonian index of

viscosity.

*2 The commercial quality grades of fish as shown 1n Table 1.

and their flow properties were measured using B8L
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Fig. 2. Effect of heat—treatment on the apparent viscosity of total protein (T-P)
solution from chum salmon muscle.
Viscosity was measured using Viscometer B8L (Tokyo Keiki Co.,Ltd.) with
HM-1 rotor at 30 rpm at 20°C,
Protein concentration: 10 mg/ml.
S,A,B,C and D are the commercial quality grades of fish as shown in Table 1.
(O—, odd—numbered male; /¢, even—numbered male ; @ - -, cdd—numbered
female; & -— even—numbered female.
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Fig. 3. Hardness, elasticity and viscosity of unheated muscle of chum salmon.
S, A, B,Cand D are the commercial quality grades of fish as shown in Table 1.
Symbols are the same as in Fig. 2.
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Fig. 4. Hardness, elasticity and viscosity of muscle heat—treated at 100C for 30
minutes of chum salmon,

S, A, B, C and D are the commercial quality grades of fish as shown in
Table 1. Symbols are the same as in Fig. 2.
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Fig. 5. Relation between apparent viscosity of T—P solution at 20°C and autolytic
activity of muscle at pH 3.5 (I) and myofibrillar protein content in the
T=PF (1)
S, A, B, C and D are the commercial quality grades of fish as shown in
Table 1. Symbols are the same in Fig, 2.
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