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Abstract:

Introduction: The initial feeding of larvae is a critical stage in fish development
that significantly influences the enhancement of quality, reduction of skeletal
abnormalities, resilience to stressful environments, and future survival rates of
fish. The transition stage facilitates external feed adaptation in larvae, providing
both live and formulated feeds. This period involves gradually reducing the
consumption of live feed while increasing the amount of formulated feed. In this
study, we aim to investigate the effects of various live feeds (such as Artemia
and chironomid larvae) and dry feeds on the Siberian sturgeon, Acipenser baerii
growth performance, survival rate, and digestive enzyme activity.

Materials and methods: A 34-day study was conducted to investigate the
effects of mixed-formulated diets and various live feeds on growth, survival rate,
and digestive enzyme activity in the larvae of Siberian sturgeon. The larvae were
fed Artemia nauplii during the 8 to 20 days following larval hatching. A total of
1,500 larvae, each with an initial weight of 0.24 + 0.00 g, were randomly
distributed into 15 plastic containers, each with a capacity of 50 liters, across
three replicates (n = 100). Larvae were fed using five different feeding strategies:
frozen chironomid larvae (CH), frozen Artemia biomass (Ar), a combination of
Artemia biomass and chironomid (M), a mixture of Artemia, chironomid and
dry feed (MF), and dry feed alone (FD). All treatments replaced 10% of the
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consumed live feed with dry feed every three days. The larvae were fed ad
libitum.

Results and Discussion: The final weight and biomass of larvae in CH were
significantly higher than in M and MF. The fish in CH and then FD had the
highest final weight, yield, and production value. Furthermore, CH and FD
exhibited the most apparent increase in the amounts of digestive enzymes,
including pepsin, trypsin, and amylase (P<0.05).

Conclusion: According to the results, Siberian sturgeon larvae experienced
rapid physiological and morphological changes during the early stages of their
life cycle. Dry feed with high digestibility can be used to initiate external
feeding. Additionally, frozen chironomid larvae are recommended as a feed
supplement during this crucial weaning stage due to their high digestibility,
improved survival rate, and reduced production costs.

*Corresponding author: mahmoudmohseni73@gmail.com
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Table 1 Consumption rate (%) of live feeds and formulated diet during 34 days of feeding Siberian sturgeon larvae
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Treatments Days of Rearing
Experimental Diets 1-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24 24-27 27-30 30-34
CH Chironomid larvae (%) 100 90 80 70 60 50 40 30 20 10 0
Formulated diet (%) 0 10 20 30 40 50 60 70 80 90 100
Ar Artemia (%) 100 90 80 70 60 50 40 30 20 10 0
Formulated diet (%) 0 10 20 30 40 50 60 70 80 90 100
M Artemia+Chironomid (%) 100 90 80 70 60 50 40 30 20 10 0
Formulated diet (%) 0 10 20 30 40 50 60 70 80 90 100
ME Artemia + Chironomid larvae + Formulated diet (%) 100 90 80 70 60 50 40 30 20 10 0
Formulated diet (%) 0 10 20 30 40 50 60 70 80 90 100
FD Formulated diet (%) 100 100 100 100 100 100 100
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Table 2 ingredient of experimental formulated diet

Feed ingredient (%)
Fish meal 56
Wheat gluten 5
Hydrolyzed protein 5
Wheat flour 6
Soybean meal 5
Fish oil 4
Soybean oil 4
Vitamin E 0.6
Vitamin premix! 2
Mineral premix? 1.5
Immune stimulator® 1.7
Lecithin 3
Hydrolyzed yeast* 2
Appetizer® 2
Anti-oxidant 0.2
Binder® 2
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1: Vitamin premix: Vit A 160000 I1U, Vit Ds 40000 1U, Vit E 40 mg, Vit K3 2 g, Vit B1 6 g, Vit B, 8 g, Calcium
pantothenate 12 g, Vit B; 40 g, Vit Bs 4 g, Vit B12 8 g, H» 0.24 g, Vit C 60 g, Inositol 20 mg, 2: Mineral premix:
Mn 2600 mg, Cu 600 mg, Fe 6000 mg, Zn 4600 mg, Se 100 mg, |1 100 mg, Co 50 mg. 3: Supplement prepared at
International Sturgeon Research Institute. 4: Kimiazyme Co, Tehran. 5: Liaoning Biochem CO. China. 6: Mehr
Taban Co, Yazd, Iran.
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Table 3 Chemical composition of live feeds in Siberian sturgeon larvae diet (average + SE; n=3)

Diets
Chemical composition Frozen chironomid Frozen Formulated dry
(%) | Artemia
arvae biomass feed
Moisture 81.34 +£3.29 90.06 + 3.64 7.9+0.32
Crude Protein 52.04 +2.10 57.55 +2.33 53.53+2.24
Crude Fat 13.72 £ 0.55 12.07 + 0.49 15.26 + 0.86
Fiber - - 2.14 +£0.19
Phosphorus - - 1.28+£0.14
Ash 2492 +1.01 1751 +0.71 10.73 £ 0.47
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Table 4 Growth performance and nutritional indices of Siberian sturgeon (A. baerii) larvae during the transition to the formulated diet (mean + SE)

Parameter Treatments

CH AR M MF FD
Initial weight (g) 0.24 +0.01 0.26 +0.01 0.24 +0.01 0.25 + 0.00 0.25+0.01
Final weight (g) 4.09 + 0.06% 3.10 + 0.16%® 2.87 £ 0.26" 2.87 +0.04° 3.76 £ 0.25®
Initial length (cm) 3.65 + 0.05 3.65+0.15 297 +£047 3.60 £ 0.01 3.50 £ 0.04
Final length (cm) 10.95+0.15 9.94 + 0.56 9.65+0.75 9.40 +0.20 11.80 +0.30
Initial biomass () 18.20 + 0.21 19.46 + 0.77 18.23+0.10 19.07 £ 0.03 19.07 + 0.03
Final biomass () 286.30 + 4.20° 217.00 + 11.20% 201.25 + 18.55° 200.90 + 2.80° 263.20 + 17.50%
Food intake () 561.43 + 3.16 444.42 + 3.04 389.51 + 32.81° 436.16 + 16.06™ 494.91 + 18.82%®
Product (g) 268.10 + 4.41° 197.54 + 11.97%® 183.01 + 18.65° 181.82 + 2.76° 244.12 + 17.46%
SGR (%/day) 8.10 + 0.08° 7.09 £ 0.27%® 7.05 + 0.29% 6.92 + 0.04° 7.71 £ 0.19%®
WG 1473.55 + 41.23° 1019.14 + 101.84° 1004.27 + 108.09° 953.19 + 12.75° 1279.65 + 89. 21
CF 0.31+0.02 0.32+0.04 0.32+0.05 0.35+0.03 0.30+0.01
FCR 2.09 +0.02 2.26 +0.15 2.13 +0.04 2.40+0.12 2.03+0.07
FE (%) 47.75 + 0.52 44.47 +3.00 46.91 + 0.84 41,77 +2.17 49.26 + 1.65
PER 0.90 + 0.01 0.84 +0.05 0.88 +0.01 0.79 +0.04 0.93+0.03

sl g L,.QS)T Qi 03656 9 duagig s doixin g,Y S P MF .(v:) l.:.oj)‘l— Qi 03656 9 duagig i i g,Y 6...5).3 M ‘anj)yl Sozie 039565 b i Ar W0 gig s Sadio g, b 4y dss CH

u,v.vLo)] 0,99 ).«J‘)...u L 4.]9.41)3 0 yu> la CU.\.'.? FD s(\\\) a).o.le.S

P 0) conla Lo oy Sl gime BT sasoylid o)y o 40 alise By,

Different letters in each row indicate significant differences between treatments (P<0.05).
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Figure 1 Survival rate of Siberian sturgeon (A. baerii) larvae during the transition to the

formulated diet (mean = SE). Different letters in each column indicate significant differences
between treatments (P<0.05)
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Table 5 Digestive enzymes activity of Siberian sturgeon (A. baerii) larvae during the transition to the formulated diet (mean + SE)

Enzyme Sampling Treatments
days CH AR M MF FD

0 1.40+£0.23 1.63+£0.02 1.65+0.01 1.63+£0.02 1.64 £0.01

Pepsin (U/mg Protein) 11 1.56 £ 0.16 1.93+0.64 1.70+0.14 1.60 £ 0.56 1.75+0.06
22 1.91 + 0.06* 0.90 +0.01° 1.69 +0.01° 1.06 + 0.00° 1.58 + 0.14*

34 2.46 +0.43 1.99 +0.27 1.18 +0.14 1.70 £ 0.00 2.27+0.21

0 0.03+£0.00 0.03+0.00 0.02 £0.00 0.02 £0.00 0.02 £ 0.00

Trypsin (U/mg Protein) 11 0.04 £0.01 0.09 £0.04 0.17+0.14 0.02+0.01 0.04 £0.00
22 0.04 + 0.00° 0.03 +0.00° 0.04 +0.00° 0.05 +0.00° 0.04 + 0.00%®

34 0.06 + 0.00® 0.05 + 0.01% 0.04 +0.00° 0.05 + 0.01%* 0.07 £ 0.00°

0 434+0.11 4.25+0.11 4.41+0.00 4.30 £ 0.06 4.28 £0.02

Lipase (U/mg Protein) 11 5.57+£2.05 7.77+2.63 2.82+251 1.59 +0.15 2.23+0.49
22 2.20+0.17 2.68+0.03 2.67 +£0.02 2.50+0.02 2.29+0.23

34 2.89 £0.01 2.79 £2.07 2.07 £0.52 2.33+0.43 2.97 £0.07

0 1.49+0.24 1.72 £0.03 1.62 +0.06 1.74 £ 0.02 1.69 + 0.04

Amylase (U/mg Protein) 11 2.17 £ 0.55 1.92 +0.06 2.40 £0.05 1.11+0.53 1.43+0.33
y g 22 1.64 +0.02% 0.91 +0.02¢ 1.11 +£0.01% 1.29 +0.01* 1.74 +0.14%

34 2.16 +0.15° 2.01 +0.31° 1.05 + 0.09° 1.94 +0.03* 2.51 +0.02°

Different letters in each row indicate significant differences between treatments (P<0.05)
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