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The aim of this study was to clarify histologically the effects of fermented fishmeal on the growth
rate of fish. For this purpose, olive flounders were fed on fermented fishmeal at the substitution ratios
of 0, 25, 50, 75, and 100%, and the effects on the liver and muscle were examined by microscopy.
The olive flounder fed on fermented fishmeal at the 25% substitution ratio had the best hepatic con-
dition, as indicated by the highest hepatosomatic index and the lowest fatty liver level, when com-
pared with fish fed the other substitution ratios. The olive flounder fed on fermented fishmeal at the
25% substitution ratio had good motility, based on the presence of wide myocytes. The high growth
rate in the olive flounder fed on fermented fishmeal at the 25% substitution ratio therefore seemed
to be related to the health status of the liver and muscles. Higher amounts of the fermented fishmeal
(75% and 100% substitution ratios) suppressed the growth rate due to adverse effects on hepatic func-

tion and motility of the olive flounder.
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Table 1. Ingredient and proximate composition of the experimental diets

Substitution ratios (%)

Diets
0 25 50 75 100
Ingredients(%)
Fish meal 65.0 59.3 48.8 40.7 32.8
Plant sources 10.7 16.6 28.0 36.9 44.7
Other grains 17.0 17.0 17.0 17.0 17.0
oil 58 54 43 3.6 26
Other additives meal 15 17 1.9 19 3.0
Proximate composition (%)
Crude protein 50.2 50.1 50.1 499 50.0
Crude lipid 99 10.1 10.0 10.0 99
Crude fiber 3.0 3.0 3.0 3.0 3.0
Ash 17.0 17.0 17.0 17.0 17.0




Fig. 1. Observation of hepatopancreas in flounders by light mi-

crograph (A, 0%; B, 25%; C, 50%; D, 75%; E, 100%). AC
Acinar Cells; LD, Lipid Droplet; N, Nucleus; P, Pancreas;
SG, Secretory Granules; Scale bar=10 pm.
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Fig. 2. Comparison of the fatty liver levels of the hepatopancreas
and the Hepatosomatic index (HSI) in the 12 olive
flounder groups fed on the mixed fishmeal with the 5
substitution ratios (p=-0.74).
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Table 2. Hepatosomatic index (%), fatty liver levels (%) and size of myocyte (im®) in the olive flounder groups fed on the mixed

fishmeal with the 5 substitution ratios

Substitution ratios (%) HSIY 29 (%) Fatty liver level” (%) Size of myocyte” ¥ (um’)
0 1.51+0.36(0.96~2.06) 92.0+13.0(55~100) 801.1+123.5(654.3~943.1)
25 1.71+0.37(1.22~2.29) 74.3+21.3(33~94) 956.7+72.7(887.6~1053.8)
50 1.63+0.35(0.95~2.26) 86.5+18.6(27~100) 755.3155.9 (674.8~797.1)
75 1.54+0.28(1.16~2.02) 97.2+3.0(92~100) 699.3+235.8(491.4~1023.0)
100 1.66+0.40(1.16~2.62) 93.0+4.4(54~100) 777.5+45.6(709.3~805.2)

UHepatosomatic index=liver weight/body weightx100, “p>0.05, *Measured fatty liver level of 12 olive flounder.
“Measured size of myocyte of 4 olive flounder randomly selected from the fish whose fatty liver level was measured.
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Fig. 3. Comparisons of size of myocytes and the fatty liver levels
in the olive flounder groups fed on the mixed fishmeal
with the 5 substitution ratios (p=-0.91).
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Fig. 4. Comparisons of cross-section of muscle tissue in the 4
olive flounders group fed on the mixed fishmeal with
the 5 substitution ratios (A, 0%; B, 25%; C, 50%; D, 75%;
E, 100%). Arrow, indicate the cross-sectional myocytes;
Scale bar=100 pm.
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Fig. 5. Comparisons of size of myocytes and growth rate in
the olive flounder groups fed on the mixed fishmeal
with the 5 substitution ratios (p=0.78).
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