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Extended Abstract:

Introduction: Many marine fish and sturgeon larvae lack certain protein and lipid digestive enzymes
when switching from live to dry food, resulting in deformities and widespread mortality. Adaptation to dry
food in larvae involves more than just substituting dry food for live food in the early stages. This method
involves a step-by-step shift, starting with various live foods (typically zooplankton), then gradually
decreasing their presence, and ultimately substituting them with dry food, which impacts the larvae’s
physiology and digestion. Food type and feeding strategy can have a significant influence on larvae
growth and amino acid composition, which indirectly effects on fry survival and health, respectively. So, a
variety of gradual adaptation strategies from live food to dry food have been proposed. Agh et al. (2013)
were proposed a gradual feeding strategies Artemia nauplius to dry food that this way gradual adaptation
was applied by Artemia reducing and dry food increasing on 5 to 7 days, and a combination of artemia
and dry food from first feeding that proposed a strategy of gradual adaptation by mixture of live and
planned food for larvae Huso huso, respectively. Dediu et al. (2011) investigated about effect of three
feeding methods: formulated diet (100%), a combination of formulated diet and live food (50+50) and live
food (100%: containing 75% tubifex and 25% daphnia) on the survival rate and growth indices of
Acipenser gueldenstaedtii larvae and stated that growth indices of larvae 32 days after hatching were
better than larvae fed only formulated diet (containing 58% crude protein, 12% crude fat, 0.9% fiber, and
9.8% ash). Furthermore, Mohseni et al. (2012) experimented with progressively introducing daphnia to
dry food, chironomids to dry food, a combination of daphnia and artificial food, a combination of
chironomid and dry food, gammarus to dry food, and a prepared diet, and they determined that a gradual
shift to dry food for chironomus had a more beneficial impact on reducing mortality and improving
growth in Huso huso larvae. However, no research has been conducted on the adaptation methods of
Stellate sturgeon (Acipenser stellatus) to dry food.

Materials and Methods: The formulated diet was prepared at the Caspian Sea Fish Research Institute. Its
composition included 87.13% dry matter, 51.95% protein, 14.12% lipid, 11.12% fiber, 58.3% nitrogen-
free extract, and 7.45% ash.1500 individual 8-day-old Stellate sturgeon larvae, with an average weight
and length of 0.385 = 0.034 g and 4.95 = 0.09 cm, were fed in 50-liter fiberglass tanks in 5 treatments
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included gradual adaptation (chironomid + dry food) (CH + DR), gradual adaptation (Artemia + dry food)
(AR + DR), gradual adaptation (Artemia + chironomid) + dry food and gradual adaptation (Artemia +
chironomid + dry food) + dry food (Mix CH + AR + DR) + DR and dry food (DR) in a period of 42 days,
respectively. Fish were fed 25% live food and 5% dry food per body weight at 2-hour interval in day.
Biometry were carried out in 7 stages (7, 14, 21, 28, 35, and 42 days). At the end of the experiment, 30%
of fish population was harvested and sent to laboratory for amino acid composition analysis.

Results and Discussion: The highest growth index (final weight, condition factor, body weight gain
percentage, specific growth rate, daily growth and protein efficiency ratio) were observed in fish fed with
gradual adaptation (CH+ DR) (p<0.05), although there was no significant difference with larvae fed with
(Mix CH+AR+DR) +DR and (DR) treatments (p>0.05). However, the highest survival percentage was
observed in larvae fed with (CH+ DR) +DR (CH+AR) and (MIX CH++AR+DR) +DR groups. studies on
Scaphirhynchus albus averaging 20.4 g, fed either pellets (1 mm, 45% protein, 19% lipid) or chironomid,
showed that natural food led to a higher growth rate (12.2% per day) than dry food (0.06% per day). Also,
Sturgeon that consumed chironomids exhibited a better condition factor compared to those fed dry food.
According to the researchers, the higher growth index and fish acceptance of chironomids could be
attributed to the fact that sturgeon larvae and fry in freshwater environments mainly consume aquatic
invertebrates, especially Chironomidae and Ephemeroptera, whereas Artemia, which is grown in
saltwater, is not available to sturgeon larvae naturally. In the other hand, this is agreement with findings
Taati et al. (2018) who stated feeding Acipenser persicus larvae for chironomid lead to stimulating
appetite and increasing growth indices due to amino acids attractant such as methionine. Also, according
to Shakourian et al. (2011), a mixture of paste diet and chironomid larvae increased the final weight of
Acipenser persicus larvae after 35 days. The combination live food and dry food in a paste form can
improve the larvae’s ability to get adaptation and accept dry food, leading to an increase in their growth
rates (Gisbert et al., 2018). In this study, the highest percentage of essential acids was observed in body
fish that fed with gradual adaptation of (Mix CH+AR+DR)+DR (p<0.05). The highest arginine, lysine and
methionine belonged to (Mix CH+AR+DR)+DR group, However, highest threonine amount body were
recorded in (CH+DR) that no significant difference with (Mix CH+AR+DR)+DR (p>0.05), but had a
significant difference with the other experimental treatments (p<0.05). Due to rapid growth and high
metabolic activity (both catabolism and anabolism), fish larvae require essential amino acids; therefore,
deficiencies in these nutrients can impair growth and feed conversion ratio (Saaverda et al., 2006).

Conclusion: According to the results obtained, it seems that the gradual adaptation strategy (breast
milk+larval diet) (and (mixture of Artemia+breast milk+larval diet)+larval diet is a suitable nutritional
strategy for transitioning to formulated food in ozone-bred larvae due to its positive effects on growth

performance, survival, and better balance in the amino acid profile of the carcass.
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Table 1: Formulation and biochemical composition of prepared larval diet (percentage of dry matter)

Ingridient Amount (%)
Fish meal ! 53
Wheat gluten 2 8
Casein 3 4
Wheat flour 2 7
Soybean meal > 6
Fish oil ! 7
Soybean oil 2 3
Vitamin E * 0/6
Vitamin premix 2/1
Mineral premix * 6/1
Lysine 3 2
Methionine ° 1
Yeast ¢ 2
Betaine ° 0/5
Choline Chloride ’ 0/2
Binder 8 2
Total 100

Biochemical composition (%)

Dry matter 87/13

Protein 51/95

Lipid 14/12

Fiber 12/3

Nitrogen-free extract 11.58

Ash 7.45
F (ST (o S Sigma Chemical <575 ¥ (01,0 cOlgaol) 0T avdgd 618X (01l ( J5D 535 LS a5 SIS ale 5550
gBi1 el s g K3 s Y E s Frmg D3 sl g Freeees TU A el s V80 TU sl g oSn s 40050 05 58) uilo &S5

oSy s sl Yomg C uluy#r g Ho /Y g Bio by Ag Be uls F g B3 ks Fr g (S5 oSV 8 B2 el s A
Evonik s, 0 (s 0r Mg o Vor MG (poshe Vo MG (55, P70 MG al 000 MG (e §20 ME G Y7 MG 1 Sl
Liaoning Biochem 5,4 V «(01,1 «01,#) oujlasS oS4 (Saccharomyces cerevisiae) g\ gt s & (OWT () industries

(()\j_\ g.s",i) OLL e LS)..L A u(;,:g udi;_.l.;)
1. Kilka fish meal, Gilpowder Factory (Anzali, Iran), 2. Shahdineh Aran Factory (Isfahan, Iran), 3. Sigma Chemical
Company (St. Louis, USA), 4. Science Company (Qazvin, Iran); Vitamin premix: 160,000 IU vitamin A, 400,000
IU vitamin D3, 40 mg vitamin E, 2 g vitamin K3, 6 g vitamin B, 8 g vitamin B2, 12 g calcium pantothenate, 40 g
vitamin B3, 4 g vitamin Be, 8 g vitamin Bi2, 0.24 g Hz, 60 g vitamin C, 20 mg inositol and mineral premix: 2600
mg manganese, 600 mg copper, 6000 mg iron, 4600 mg zinc, 100 mg selenium, 100 mg iodine, 50 mg cobalt, 5.

Evonik industries (Essen, Germany), 6. Baker's yeast (Saccharomyces cerevisiae) Kimiazym company (Tehran,
Iran), 7. Liaoning Biochem company (Tiling, China), 8. Mehrtaban company (Yazd, Iran)
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Table 2: Approximate analysis of live foods in the diet of elephantfish larvae Acipenser stellatus in terms of
dry matter; mean =+ standard error; n=3)

Diets

Artemia Chernomid Indexes

biomass
Frozen

(%)

90/06+3/64 81/34+3/29  moisture

Crude

57/55€2/33  52/04+2/10

OProtien

12/07+0/49  13/72+0/55  Crude lipid
17/51£0/71  24/92+1/01 Ash
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Table 3. Consumption amounts of live foods and formulated diets in different treatments during 42 days of
feeding of stellate carp larvae (Acipenser stellatus)

Experimental Diets Treatments
35-42 28-  21-28 14-21 7-14 1-7 diets
35
0 20 40 60 80 100 Chironomidae(/)
100 8060 40 20 0 formulated Diet (%) CH+DR
0 20 40 60 80 100 Artemia (%)
100 80 60 40 20 0. formulated Diet (%) AR+DR
0 20 40 60 80 100 Artemia+Chironomidae (CH+AR)+DR
100 80 60 40 20 0 (%)
formulated Diet (%)
0 20 40 60 80 100 Mix of Artemia +
100 80 60 40 20 0 chironomid + larval MIX
diet) + dry CH+AR+DR)+ DR
formulated Diet (%)
0 100 100 100 100 100 formulated Diet (%) FD

+ l:a])T .l:)l’u = SEt L;.»lk; (CH+AR)+DR (Y’cé})\( o 4 l:.aJ)T = Brt L§,;Ua.7 AR+D (v Aé})\J 0y 4 uv\:ﬁy_’ﬂ..:' = et L;.;Ua.? :CH+ DR (A
ghe b adss (FD) oY 0 & saY 0y tands g9 0l + l:.a.?)T L}lxﬁ (MIX CH+AR+DR)+ DR&)AI é:uﬁ(r oY 0 4 AdN 59

5
1) CH+ DR: Gradual adaptation of Chironomidae to larval diet, 2) AR+D: Gradual adaptation of Artemia to larval diet, 3)

(CH+AR)+DR: Gradual adaptation of Artemia + shrimp mixture to larval diet, 4) Gradual adaptation of (MIX
CH+AR+DR)+ DR (mixture Artemia + shrimp mixture + larval diet to larval diet 5) (FD) Feeding with artificial food

&3> L (Precisa,Diticen, Switzerland) &S % Sldd 9wy LS'“PLS =y
VS L el w5 5 8 ) Y he gla3s)) de e Vb Olale nteon S
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Table 4: Growth indices of Acipenser stellatus larvae after gradual adaptation to different diets and a formulated diet over 42 days (mean =+ standard error, n=3)

Indicators / Diet

Initial weight (gr)
Final weight (gr)
Initial length (cm)
Final length (cm)
Condition factor
Weight gain
percentage (%
during the period)
Specific growth rate
(percentage per
day)

Daily growth
(mg/day)
Food conversion
ratio
Protein efficiancy
ratio
Survival rate (%)

Gradual adaptation
(chironomid + larval diet) (CH

+ DR)

0.34 £0.01
2.45+0.14
4.60£0.11
8.16+0.21°
0.45 +0.008 *
621.24 £66.56 *

0.056 £0.004 *

5.58+0.3°
3.37+0.38 "

0.57 £0.066 *

84.50 £2.12*

Gradual adaptation

(Artemia + larval
diet) (AR+ DR)

0.39 +0.024

1.82 +0.01

4.88 £0.11
8.36 +0.33 ®
0.31+0.035"
36.23£32.19°

0.037 £0.01 @

4.49+02°
3.93+0.17 %

0.48 £0.021

71.00 £1.61°

Gradual adaptation

(Artemia +
Chironomid) +

Larval diet (CH +

AR)+ DR
0.39 +0.05
1.84+0.12
4.95+0.28
7.76 +0.37 b
0.39 £0.029 ®
370.20 +35.33 ®

0.0381 £0/001 2

4.58+02"
3.63 £0.007 ®
0.394 +0.001 ®

83.50 £2.12*

Gradual adaptation (Mix of
Artemia + Chironomid +
Larval diet) + Larval diet

(MIX CH + AR + DR)+ DR

0.39 +£0.02
2.15£0.07 ®
4.75 +£0.007
8.36 +£0.01 ®

0.37 £0.005 ®
446.99 +£18.39

0.0462 £0.001 2

4.99 £0.98 @
3.52 £0.04

0.515+0.001 @

90.00 £1.41°?

Dry food feeding (DR)

0.40 +£0.036
2.23 +0.02
4./94 +£0.091
8.72+0.17%
0.33 £0.24 ®
457.98 £57.16 ®

0.0481 £0.001 2

5.04+03®
3.83+£0.57°

0.53 £0.062 ®

59.00 £1.41°

of

(P<700) Sl Calztes Sl jles s LT Sl sime L}M:"‘jillo:) Gy a s alie e S S oY o

Non-identical Latin letters in each row indicate significant differences between different treatments (p<0.05).
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Table 5: Amino acid profile Acipenser stellatus larvae at the beginning and after gradual adaptation different diets to formulated diet over 42 days
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Dry food feeding Artemia + Gradual adaptation (Mix of Gradual adaptation (Artemia Gradual adaptation Gradual adaptation Start of
(DR) Chironomid + Larval diet) + Larval diet (MIX + Chironomid) + Larval diet ( (Artemia + larval diet) (chironomid + larval ~ expirement
CH + AR + DR)+ DR CH + AR)+ DR (AR+DR) diet) (CH + DR) Amino acid
Essential amino acids
6.93+0.02 b 7.830.07 6.57+0.12 6.67+0.02 7.45+0.33 4.41+0.24 Arginine
2.48+0.33 2.31£0.15 1.99+0.56 2.07+0.26 2.00+0.16 1.840.06 Histidine
3.21+0.15°¢ 3.93£0.47° 3.80+0.02° 3.80+0.07 ° 3.59+0.04 > 4.7340.19* Isoleucine
7.2740.17 ** 7.81+0.23 7.19+0.09 7.61+£0.33 6.44+0.21 ¢ 6.56+0.42 > Lucien
7.23+0.14 7.78+0.07 6.17+0.07° 5.41£0.21°¢ 6.215+0.16 7.32+0.28 Lysine
2.23+0.21° 2.87+0.44 2 1.734£0.12 ¢ 1.8640.19 b 1.954+0.03 b 1.89+0.02 b Methionine
2.33+0.18 3.83+£0.04° 3.02+0.09 4 2.75+0.32° 2.50+0.34° 3.15+£0.07 *® Phenylalanine
4.50+0.46° 6.33+0.04 4.55+0.60 ° 4.59+0.53 b 6.43+0.57 * 6.42+0.26 Threonine
4.47+0.12° 4.20+0.03 * 443024 ° 437+0.16* 420£014° 3.540.07° Valine
Non-essential amino acids
7.55+0.6 2 7.19+0.12 6.38+0.24 * 7.46+0.17 * 7.52+0.37 * 3.57+0.45° Alanine
13.69+1.41 ¢ 9.740.55 ¢ 15.94+0.58 = 14.89£1.56 12.00+0.98 > 17.69+1.88 * Aspartic acid
17.61+0.52 16.44+0.91 18.560.02 19.45+0.79 18.6142.10 18.45+0.59 @ Glutamine
7.37+0.36 7.43+0.47 7.12+0.24 18.56+0.02 7.36+0.22 7.27+0.24 Glycine
4.00+£0.21° 4.26+£0.20° 4.75+0.26 4.66+0.29 ® 4.73£0.11 ® 5.15+0.07 Proline
6.41+£0.37 6.40+0. 42 * 6.19+0. 06 2 6.20+0. 07 * 4.56£0.1° 6.61+0.09 ° Serine
1.68+0.12 1.65+0. 14 1.57+0. 12 1.56+0. 155 1.40+0. 26 1.40+0. 12 Tyrosine
41.67+1.75 46.905+0.68 * 39.46+1.371° 39.135£1.91° 40.803+2.1 ¢ 39.85+1.68 Total essential amino acids
58.33+3.62 53.095+2.85 60.54+1.57 60.85+3.91 59.175+4.069 60.15+3.465 Total non-essential amino acids
0.71 The ratio of essential to non-essential amino
0.88 0.65 0.64 0.68 0.66 acids
100 100 100 100 100 100 Total

(P14 0) ol s (slajlas 5L Ll gme Ot Soly (s y s alie i S 8 5 oy >

Non-identical Latin letters in each row indicate significant differences between different treatments (p<0.05).
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