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Introduction: Due to the rapid growth of the human population and increasing
standard of living, there is a rising demand for seafood. Aquaculture relies
heavily on the consistent supply of fishmeal (FM) and fish oil, major
components in commercial fish feeds. Due to the current scarcity of FM,
alternative protein sources that provide similar nutritional benefits to FM and
fish oil have been explored extensively. Insect meals will be a suitable
alternative as the nutritional components, which are more similar to FM. In this
study, the effects of replacing different levels of superworm (Zophobas morio)
offal meal and extracted oil instead of fish meal and oil were investigated on
growth performance, feed conversion ratio, body composition, and hepato-
visceral indices in juvenile rainbow trout (Oncorhynchus mykiss).

Material and methods: Fish (n = 420, initial average weight of 12 + 0.2 g) were
randomly distributed to 21 polyethylene circular tanks with a capacity of 250 L
for 56 days. Seven isonitrogenous (41.5%) and isolipidic (16%) diets were
formulated where the FM and fish oil of the control diet was replaced by Z. morio
offal meal at 25, 50, and 75% instead of FM, and Z. morio oil was replaced at
25, 50 and 100% by fish oil. At the end of the trial, growth performance, feeding
parameters, body composition, and hepato-visceral indices were calculated in
different treatments. For data analysis, One-Way ANOVA and Duncan's
multiple range comparison tests were performed at the significant level of
P<0.05.

Results and discussion: According to the results, final weight, specific growth
rate, and feed conversion ratio of fish in the meal and oil replacement treatments
showed no significant differences compared to the control group (P>0.05). Body
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protein contents did not significantly differ between the groups fed with offal
meal and superworm oil compared to the control group (P>0.05). Body lipid
significantly increased by elevating meal replacement levels compared to the
control group (P>0.05), however, no differences were observed by oil
replacement levels compared to the control group (P>0.05). Liver index in fish
fed at levels higher than 25% meal replacement significantly increased (P<0.05),
but no differences were observed in oil replacements compared to the control
(P>0.05). The visceral index showed no differences in meal replacement
treatments (P<0.05), however, its lowest value was observed in 25 and 50% oil
replacements.

Conclusion: Based on the results, replacing 25% of offal meal and up to 50% of
superworm oil in the trout diet seems reasonable.

*Corresponding author: a.esmaeili@sanru.ac.ir
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Table 1 Ingredients and proximate composition of trial diets

Replacement type (offal meal - oil)

Superworm offal meal levels (%)

Superworm oil levels (%)

Components (%)

0 (Control) 25 50 75 25 50 100
Fish meal 28 21 14 7 28 28 28
Superworm offal meal - 8 16 24 - - -
Poultry waste meal 16 16 16 16 16 16 16
Soybean meal 12 12 12 12 12 12 12
Corn gluten 12 12 12 12 12 12 12
Wheat flour 21 20 19 18 21 21 21
Fish oil 8 8 8 8 6 4 0
Superworm oil - - - - 2 4 8
Mineral premix! 1 1 1 1 1 1 1
Vitamin premix? 1 1 1 1 1 1 1
Monocalcium phosphate 1 1 1 1 1 1 1
Biochemical composition (in percentage of dry weight)
Dry matter 6.99 6.89 6.97 6.95 6.84 6.82 6.70
Crude protein 41.69 4159 415 414 41.3 41.2 41.5
Crude lipid 16.1 16.2 164 16.6 16.8 16.9 16.9
Ash 9.45 9.86 10.1 10.32 1025 10.37 10.12
Total carbohydrate 3 32.76 3235 32 31.7 3165 3153 3148
Energy (kj/g) * 17.97 1794 1795 1796 18.02 18.01 18.06

1- Contained (g/kg mix): MgSQa. 2H,0, 127.5; KCI, 50; NaCl, 60; CaHPO,. 2H0, 727.8; FeSOa. 7H,0, 25.0; ZnSO4.
7H20, 5.5; CuSOs. 5H20, 0.785; MnSO,. 4H20, 2.54; CoSO4. 4H,0, 0.478; Ca (103)2. 6H20, 0.295; CrCls. 6H0,

0.128.

2- Vitamin premix contained the following vitamins (each per a kilogram of diet): vitamin A, 10,000 1U; vitamin D,
2000 1U; vitamin E, 100 mg; vitamin K, 20 mg; vitamin B1, 400 mg; vitamin By, 40 mg; vitamin Bg 20 mg; vitamin
B12, 0.04 mg; biotin, 0.2 mg; choline chloride, 1200 mg; folic acid, 10 mg; inositol, 200 mg; niacin, 200 mg;

pantothenic calcium, 100 mg.

3- Total carbohydrate = 100 - [(lipid (%) + protein (%) + ash (%)].
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4- Calculated energy content using the factors: carbohydrates, 11 kJ/g; protein, 20.9 kJ/g; and lipids, 35.1 kJ/g (Brafield,

1985).
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Table 3 Growth performance, nutritional factors, and survival rate in rainbow trout fed different treatments of superworm offal meal and
oil replacement for 8 weeks

Substitution type (meal - oil)

Indicators Superworm offal meal replacement levels (%) Superworm oil replacement levels (%)

0 (Control) 25 50 75 25 50 100
Initial weight (g) 121+0.2 12,13+ 0.4 12.1+05 12+0.3 12+0.3 12.1+0.2 121+04
Final weight (g) gg_;gai 95.63 +2.97% 84.27 £ 3.1° 85.26 +1.3% | 91.89+6.2% 82'12? 87.95+4.7%
Initial total length (cm) 8.7+0.2 8.6+0.3 8.7+0.1 85+0.2 85+0.2 8.7+0.2 8.6+0.3
Final total length (cm) 1971+ 05" 203+018  1953+03°  195+01° | 19.82+05° 1%35? 19.5 + 0.38°
Feed conversion ratio 0.86+£0.01* 0.92+0.01° 0.89 +0.02° 0.90+0.01* | 0.91+0.03* 0.89+0.01* 0.87+0.01%
Feed intake per fish (g) 66.46 +0.8° 67.43+1.69%° 65.46 + 2.42° 66.3+0.1° 66.1+ 0.9 66.5+0.6° 65.13+2.1%
Body weight gain (%) G‘ﬁ'gf 688.4+123" 596.4+211° 6101+ 115 628'? Gfg'gf 626.8 +17.6°
Specific growth rate (%/day)  3.55 + 0.02? 3.5+0.06% 3.46 +0.05° 3.5+0.01° 3.47+0.05* 351+0.04* 3.52+0.03°
Condition factor 1.18+0.03* 1.13+0.01° 1.12+0.01°  113+0.01° | 1.17+0.02* 1.22+0.02° 1.18+0.01%
Protein efficiency ratio (%) 2.76 £ 0.02° 2.61 +0.05% 2.7+0.017 2.69 +0.03? 2.67+0.09° 2.73+0.04*® 275+0.01°
Lipid efficiency ratio (%) 7.14+£0.05 6.69+0.14° 6.83+0.01*  6.72+0.08" | 6.55+0.22° 6.61+0.1" 6.78+ 0.03%
Survival rate (%) 98.3+1.7% 98.3+1.7% 95+209° 97.5+25* | 98.3+1.66° 100° 100°

Data expressed as mean + S.D., n = 3 (each replicate tank was stocked with 20 fish. Values along rows with different superscripts differ significantly

(P<0.05).
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Table 4 Liver weight, viscera weight, hepatosomatic and viscerosomatic indices in rainbow trout fed different treatments of superworm
offal meal and oil replacements for 8 weeks

Substitution type (meal - oil)
Indicators Superworm offal meal replacement levels (%) Superworm oil replacement levels (%)
0 (Control) 25 50 75 25 50 100
Liver weight (g) 1.01+£0.02 1.1+0.11 1.1+0.02 1.16 £0.02 1.05+0.08 1.01+£0.02 1.11 +0.06
Hepatosomatic index (%) 1.11 +£0.04° 1.13+0.1™ 1.3+0.04® 1.37+0.03* | 1.14+0.06"™ 1.15+0.03" 1.26+0.03**
Viscera weight (g) 8.99+0.2 9.27+0.7 8.65+0.3 9.02 +0.07 8.65+0.4 8.38+0.26 8.88 +0.5
Viscerosomatic index (%)  9.95+0.45®  9.64 + 0.54% 9.96+0.3"  10.63+0.1° | 942+0.3" 95+0.03 10.1 +0.2%

Data expressed as mean = S.D., n = 3 (each replicate tank was stocked with 20 fish). Values along rows with different superscripts differ significantly

(P<0.05).
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Table 5 Body biochemical composition (% wet weight) in rainbow trout fed different treatments of superworm offal meal and oil

replacements for 8 weeks

indicators Substitution type (meal - oil) .
(%) Superworm offal meal replacement levels (%) Superworm oil replacement levels (%)
0 (Control) 25 50 75 25 50 75
Moisture 68.78 + 0.2% 67.8+0.2° 67.98 + 0.2 67.87+0.4° | 68.92+0.2% 68.65+0.4"  68.86 + 0.2%
Protein 141+21 13.6+0.9 13.3 £1.2 13.1+1.1 13.1+ 0.8 13.8+1.4 13.9+0.6
Lipid 14.38 £0.4°  17.2+0.45%® 17.7 £0.3%® 18.5+0.9° 15.9+1.3% 156+ 1.1°  145+1.14°
Ash 2.1+0.58 22+05 21+04 21+0.2 2.4 +0.86 2.5+ 0.45 2.3+0.41
Data expressed as mean = S.D., n = 2 (each replicate tank was stocked with 20 fish). Values along rows with different superscripts differ significantly

(P<0.05).
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