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Abstract:

Introduction: Fish meal is one of the primary proteins used in aquatic animal feeds contributing
approximately 68% of global FM production. However, fishmeal is becoming less accessible due to
aquaculture development, weather change, and overfishing. Thus, finding an affordable, stable, and eco-
friendly alternative protein source for FM will help reduce feed costs, alleviate pressure on FM supply,
and promote sustainable fish culture. Superworms are extensively studied as a promising alternative to
fishmeal. It is evident from the previous studies that this Insects significantly has high protein, balanced
amino acid profile, lipids, vitamins, minerals, and energy. As a result, this study aimed to evaluate the
impact of superworm larvae meal (Zophobas morio) as a replacement for fish meal on the growth
performance and body composition of stellate sturgeon (Acipenser stellatus).

Materials and methods: superworm larvae were ground to powder and subsequently used to substitute
fish meal at varying proportions: 0, 10, 20 and 30% and stellate sturgeon was fed this diet for 56 days. A
total of 120 A. stellatus with an average body weight of 28.08+0.13g were randomly divided intofour
treatment groups with three replicates. The fish were hand-fed to apparent satiation three daily (at 08:00,
12:00, and 18:00). Growth performance was calculated according to their equations and the standard
methods outlined by AOAC (2005) were utilized to assess the proximate composition of fish bodies and
formulate the diet.
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Results and Discussion: Final weight, Weight gain and Body weight increase of the fish fed diets with
control and diet containing 10 % superworm larvae meal was significantly higher than other treatments
(p<0.05). The lowest feed conversion ratio was observed in control which had a significant difference
compared to SWM30 (p<0.05). Protein, fat, moisture and carcass ash were significantly affected by
different levels of superworm larvae meal (p<0.05). The protein showed the highest amount in the control
treatment and showed a significant difference with the 20 and 30% treatments. But with 10% treatment,
there was no significant difference (p>0.05). Also, the moisture was the highest in the control treatment
and showed a significant difference with the 10, 20 and 30 percent treatments (p<0.05). Ash also showed
the highest amount in the control treatment and showed a significant difference with the 30 treatment
(»<0.05), But there was no significant difference with 10 and 20% treatments (p>0.05). While the amount
of fat increased significantly with the increase of superworm larva meal in the diet (p<0.05). The fat
showed the highest amount in the 30% treatment and showed a significant difference with the control and
10% treatments (p<0.05), But with 20% treatment, there was no significant difference (p>0.05). This may
be due to the existence of chitin content of the Insects. Antinutrients like chitin present in Insects can
hinder the availability and digestibility of specific macronutrients by shortening the time food stays in the
gut and limiting enzyme contact with food substances.

Conclusion: Finally, our research findings indicated that at least 10% SWM could be incorporated as a
protein source instead of FM in a diet for stellate sturgeon without negatively impacting growth
performance and carcass chemical composition. These findings underscore the viability of using SWM
meal as a sustainable alternative protein source in fish diets, aiding in the advancement of cost-effective
and environmentally friendly aquaculture practices.
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Table 1: The biochemical composition and ingredients of the
experimental diets.

Experiment diets

Ingredients (%) T™O0 T™10 TM20 TM30
Fish meal 40 36 32 28
superworm larvae meal® 0 5.5 11 16.5
Wheat flour 10 10 10 10
Wheat gluten 13 13 13 13
Soybean meal® 20 20 20 20
Fish oil 5 4.5 4 3.5
Canola oil 5 4.5 4 3.5
Vitamins Premix® 1 1 1 1
Minerals Premix? 1 1 1 1
Lecitine 1 1 1 1
Molasses 2 2 2 2
Antifungal 0.2 0.2 02 02
filler 18 13 1 1.9
Crude protein 45.27 4527 4527 45.28
Crude lipid 15.25 1562 1579 15.76
Moisture 6.25 6.19 6.13 6.07
Crude Ash 8.57 8.16 7.75 7.34
Gross energy (mJ/Kg) 19.31 1948 19.59  19.63

2Caspian eel aquaculture company (Guilan, Iran)

®Vahdat Gilan Animal, Poultry and Aquatic Feed Company (Rasht, Guilan)
°Science Laboratories Co. (Qazvin, Iran) provides the following information in gramsper kilogram (g kg-1): A (1600000 IU),
D3 (400000 IU), E (40), K3 (2), Bl (6), B2 (8), B3 (12), B5 (40), B6 (4), B9 (2), B12 (0.008), H2 (0.24), C (60), Inositol

(20), Biotin (0.2)

dScience Laboratories Co. (Qazvin, Iran) contains the following elements per kg: Iron (6g), Zinc (10g), Selenium (0.02g),
Cobalt (0.1g), Copper (6g), Manganese (5g), lodine (0.6g), Choline chloride (6g)
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Table 2: Growth performance and feed efficiency of stellate sturgeon (4. stellatus) juveniles fed with

different levels of superworm larval meal after 8 weeks of experiment (mean+SD).

Experimental diets

Parameters TMO0 TM10 TM20 TM30
Initial weight (g) 28.20 + 3.682 28.00 + 1.412 28.10+ 1.272 27.60 + 0.572
Final weight (g) 71.40 + 2.98° 66.49 + 6.66% 63.49 + 1.79% 62.10+ 1.27°
WG (g) 43.20 + 4.70? 38.49 + 5.25% 35.39 + 3.06° 34.50 £ 0.71°
BWI(%) 154.90 + 26.222 137.17 + 8.36% 126.53 + 11.97° 125.33 +0.58°
CF 0.23+0.012 0.19 + 0.00? 0.21 £0.012 0.20 +0.012
SGR (%/day) 1.76 £ 0.20? 1.63 +£0.09? 1.54£0.14° 1.53 + 0.00?
FCR 1.98 +£0.87° 2.57 +£0.29% 4.17+0.53 5.75+1.26°
PER 2.24 +0.09? 1.99 +£0.27° 1.83+0.16° 1.79 + 0.042

Different superscript letters in the same row indicate significant differences (p<0.05).
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Table 3: Proximate body composition of stellate sturgeon (4. stellatus) juveniles fed with different levels of

superworm larval meal after 8 weeks of experiment (mean+SD).

Experimental diets

P ar?})}gte“ T™O TM10 TM20 TM30
Crude protein 15.12 £1.632 14.24 £ 1.46* 11.12 £ 0.62° 11.05+ 1.12°
Crude lipid 11.84 £ 0.47° 14.10 £ 1.58* 19.12 4 2.44% 21.20 £ 2.54b
Moisture 71.63 +1.782 68.53 +2.25b 69.72 + 1.89° 68.25 + 2.68°
Ash 2.42 +0.14* 2.25+0.292 2.12+0.18 1.98 +£0.36°
Different superscript letters in a row indicate significant differences (7<0.05).
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