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Introduction

According to world's growing population, one of the most important problems is food security. On the
other hand, aquaculture is considered one of the important industries for providing protein and food
resources worldwide, which has always faced numerous challenges (Pauly and Zeller, 2017). Given the
issue of food security, the primary goal of aquaculturists is to achieve higher production. However, one of
the most significant problems in aquaculture is the lack of water resources (Falahatkar and Rahdari, 2017).
The lack of water resources has led fish producers to use increased stocking density as a solution to
improve production. The increase in density can cause stress. One of the ways to achieve much production
is to improve formulated diets to enhance the growth and health of fish. Researchers have added
tryptophan to the diets of cultured fish to improve growth performance because it has been shown that this
amino acid can improve growth performance as a very important economic indicator (Hosseini ef al.,
2020; Jhon et al., 2024; Zhang et al., 2024). Therefore, the present study was conducted with the
hypothesis that growth, survival, and hematological indices in high-density cultured juvenile Siberian
sturgeon (Acipenser baerii) would improve with the supplementation of dietary tryptophan.
Methodology

The study was conducted with 12,000 juvenile Siberian sturgeons with an average weight of 10.24+0.10 g
in 8 experimental treatments with three replicates in 24 tanks as follows: Treatments 1 and 2 (fish fed with
no dietary tryptophan at densities of 1.3 (LD; low density) and 2.6 kg/m?> (HD; high density),
respectively), Treatments 3 and 4 (fish fed with diets containing 0.2% tryptophan in the protein at densities
of 1.3 and 2.6 kg/m?, respectively), Treatments 5 and 6 (fish fed with diets containing 0.4% tryptophan in
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the protein at densities of 1.3 and 2.6 kg/m?, respectively), Treatments 7 and 8 (fish fed with diets
containing 0.6% tryptophan in the protein at densities of 1.3 and 2.6 kg/m?, respectively). The juvenile
sturgeons were fed at 3% of their body weight for 12 weeks. At the end of the rearing period, the fish were
weighed and growth indices were measured. Blood samples were taken for hematological analysis. To
assess the effects of stocking density and tryptophan levels on growth performance, survival, and
hematological indices, a Two-way ANOVA test was used, followed by Tukey's test for comparisons at the
P<0.05 significance level.

Results

The analysis of growth performance at the end of the experimental period showed that different tryptophan
levels, stocking densities, and their interaction had significant effects on WG, BWI, SGR, and DGR
(»=0.05). In all mentioned factors, tryptophan in LD with diets containing tryptophan showed significant
differences compared to control and HD. The highest levels of these parameters were observed at 0.4%
tryptophan in LD. Results showed no significant differences between treatments fed with different diets
containing tryptophan in feed intake, but stocking densities and their interaction had significant effects
(»<0.05). The interaction effect of different tryptophan levels and stocking densities on PER, CF, and FCR
showed significant effects of different tryptophan levels and stocking densities on these growth indices,
with no significant interaction effect (p<0.05). While the impact of diets containing tryptophan in LD
showed significant differences, this difference was not observed in HD. The interaction effect of
tryptophan and stocking density on SR was not significant, and survival rates were 100% in all treatments
(»<0.05). In hematological indices, different tryptophan levels, stocking densities, and their interaction had
significant effects on RBC (p<0.05), with the best performance in LD fed with 0.4% tryptophan.
Tryptophan and stocking density had significant effects on WBC, HB, and HCT, with no significant
interaction effects (p<0.05). WBC and HB levels in both density treatments showed significant
differences, with the highest WBC in LD with 0.2% tryptophan and HD with 0.6% tryptophan. The
highest HB levels were observed at 0.4% tryptophan in both densities treatments. The highest HCT levels
was observed at 0.4% tryptophan in LD, while no significant differences were observed in HCT at
different tryptophan levels in HD.

Discussion and conclusion

The results of this study showed the positive impact of using tryptophan on growth performance and
increased production in LD. Threre was no significant effect on growth indices in HD. The negative
effects of density and stress on growth performance divert the body's micronutrient reserves from their
primary function, using for stress response instead of growth, leading to reduced growth (Dabrowski et al.,
1996). Additionally, regarding the positive effect of 0.4% tryptophan on hematological indices in juvenile
Siberian sturgeon culture, results showed that in LD, using this diet positively affected all hematological
indices, promoting the health of Siberian sturgeon. In HD, although tryptophan had no significant impact
on RBC and HCT, it positively affected WBC and HB, improving the health of Siberian sturgeon. It

appears that improving hematological indices with diets containing tryptophan in HD increases fish
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tolerance to stress in HD. In general, it can be concluded that providing the necessary amount of
tryptophan in the diet is essential for the growth, development and health of Siberian sturgeon at HD by
improving hematological indices. Therefore, it is recommended to use 0.4% tryptophan to increase
production and improve health conditions in Siberian sturgeon, especially under high density conditions.
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Table 1: Ingredients and chemical composition of the experimental diets

“Ingredients (%) TRP0.0 TRPO.2 TRP0.4 TRPO0.6
Fishmeal 48 47.8 47.6 474
Meat meal 6.0 6.0 6.0 6.0
Wheat bran 34 34 3.4 3.4
Soybean meal 2.5 2.5 2.5 2.5
Corn meal 10.0 10.0 10.0 10.0
Wheat flour 10.9 10.9 10.9 10.9
Soybean lecithin 43 43 4.3 43
Fish oil 5.8 5.8 5.8 5.8
Canola oil 4.8 4.8 4.8 4.8
Sodium alginate 1.0 1.0 1.0 1.0
**Vitamin premix 1.6 1.6 1.6 1.6
**Mineral premix 1.5 1.5 1.5 1.5
Monocalcium phosphate 0.1 0.1 0.1 0.1
Toxin binder 0.1 0.1 0.1 0.1
Tryptophan 0 0.2 0.4 0.6
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Composition of diets includes 464 g/kg of crude protein, 134 g/kg of crude fat,
10 g/kg of ash, 70 g/kg of moisture, 10 g/kg of phosphorus and 20 MJ/kg of gross energy.
** The vitamin and mineral premix provided following amounts per kg of feed: A: 1000 IU; D3: 5000 IU; E: 20 mg; Bs: 100
mg; B2: 20 mg; Be: 20 mg; Bi: 20 mg; Bo: 6 mg; Bi2: 1 mg; B4: 600 mg; C: 50 mg; Mg: 350 mg; Fe: 13 mg;
Co: 2.5 mg; Cu: 3 mg; Zn: 60 mg; Dicalcium phosphate: 13 g
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lizko o5 155 90 50 0 e gty lisko zahaw b ool 4 dx5' (Acipenser baerii) § yruw (Bl azmy 0oy 0 Sloc :Y Jguo

M=Y ¢ )lizo Bl it uSibeo) i lo T 4z VY 51 s 5595
Table 2: Growth performance of Siberian sturgeon (Acipenser baerii) juveniles fed with different levels of dietary
tryptophan at two different stocking densities after 12 weeks experiment (mean + SD; n=3)

TRP Stocking Wi Wi WG BWI SGR DGR FI PER CF FCR SR
(%) (kg/m?) ® (® (® (%) (%/day) ® (g/fish) (%)
0 1.3 10.240.12 127.7540.81° 117.5040.93° 1141.47+22.48 3.04£0.01° 1.390.01° 84.80:£2.04% 13940.04  030£0.01Y 1604 0.05* 100
0 2.6 10.18+0.07 126.28+0.91° 116.115.98° 1141.5+66.01° 2.99+0.06" 1324071 88.63+0.47° 131£0.07  031+0.005 170+ 0.09 100
0.2 1.3 10.30+0.06 153.1540.86° 142.8540.92¢ 1387.08+17.52¢ 3.210.01° 1.71£0.11 85.99+1.84%¢ 166+ 0.04"  0.41£0.02°  1.33+0.03" 100
0.2 2.6 10.28+0.19 132.270.14° 121.9840.19 1187.42+42.990 3.0420.04° 1.4240.38 88.821.27° 1374 0.06 0.37+0.02 1.62 0.06 100
0.4 1.3 10.210.06 160.420.09° 150.212.10° 1471.30422.84° 3.2840.03° 1.7940.25° 88.86£0.43%  1.69£0.02  0.40£0.01°  1.32+£0.01 100
0.4 2.6 10.26+0.12 134.14%0.14° 123.88+4.19 1208.14+48.18° 2.06+0.04° 1.48+0.50° 88.17+0.46% 1.40+ 0.05 0.36+0.02 1.594 0.06 100
0.6 1.3 10.20:0.09 153.3040.63" 143.09+1.54° 1402.414.71° 3.2340.03¢ 1.7040.18° 83.05+0.85¢ 1L73£0.06%  037+0.01"  1.2940.04"" 100
0.06 2.6 10.2620.12 131.70:£0.09 121.4345.19° 1184.6364.57° 3.0440.03 1.4540.62° 90.380.83" 1344 0.04 0.34% 0.01 166+ 0.05 100
Two-way ANOVA
TRP 0.000 0.001 0.000 0.006 0.001 ns 0.010 0.028 0.014 ns
Stocking densities 0.000 0.000 0.004 0.000 0.000 0.03 0.000 0.000 0.000 ns
TRP x Stocking densities 0.024 0.025 0.041 0.042 0.025 0.046 ns ns ns ns

P1+0) Sl o et 5 kol o sine W Kol cirgis 52 53 Dslite sl S By >
(DS 1+0) Sl S 1 S15 93 cym o sine B Sl cgim o 0
D<) Sl s e B3| 3925 poe Sk M8
ER J3é 8 rae g5 FLallyg; 0s; 2 5 DGR woizg o) &5 SR (39 al8l ao 0 BWEL 8L 55 (059 : WG oles 059 Wi eadsl 059 Wi
Two-way s lgis 5 TRP (oS (51,5 :Stocking densities & &, SR« 5laé Jas o6 FCR ( Bl> g6 CF (555 oL #5
45,bgs il ls LT :ANOVA
Different small letters in each column indicate statistically significant differences between treatments (p<0.05).

* in each column indicates a significant difference between two stocking densities (p<0.05).
ns: indicates no significant difference (p<0.05).

5155 90 30 0y gy b ilie Zabw b ool 4 dai (Acipenser baerii) g yuumw Dlowwl az S jelgilan gla sl ¥ Jguo
(=Y ¢ )le Sl il £ (uRiluo) isloT aian VY 51wy (559 5y i
Table 3: Hematological indices of Siberian sturgeon (Acipenser baerii) juveniles fed with different levels of dietary
tryptophan at two different stocking densities during 12 weeks experiment (mean = SD; n=3).

TRP (%) Stock(ill(lg/.ﬂlezl)lsities (x103li]e?’ll(/jmm3) (c:l):;];ils) HB (g/dl) HCT (%)
1.3 732.81£17.12° 6222.75+£80.85% 6.59+0.20Y 26.33+0.56Y
2.6 727.1245.04b 6724.17+£73.43X 6.17+0.06Y 23.76+0.84
0.2 1.3 825.88+8.552 5387.20£119.95% 7.36£0.08" 31.29+0.83%
0.2 2.6 753.003+12.39Y 5786.97+88.38% 6.69+0.19% 26.31+£0.74
0.4 1.3 830.28+6.68? 5370/59+80.927" 7.57+£0.14% 32.51£1.21*
0.4 2.6 752.88+12.62° 6074.44+95.74Y 6.7040.16% 25.75+0.35
0.6 1.3 826.95+6.632 5774.66+5244Y" 7.47+0.08" 32.0440.98%"
0.6 2.6 739.21+11.38° 6194.53+78.51Y 6.57+0.10% 6.57+0.64
Two-way ANOVA
TRP 0.001 0.001 0.000 0.001
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Stocking.densities RBC WBC

9 HB (g/dl °
TRP (%) (kg/m?) (%103 cell/mm?) (cell/mm?) g/ HCT (%)
Stocking densities 0.000 0.000 0.000 0.000
TRP X Stocking densities 0.020 ns ns ns

P<e120) Sl 6515 65 9 65155 0 Sblod 55 e Qg e okaw (o I sxe IS Sy g S0 50 Sglitte SS9 S5 B9~
<1+ 0) Canld Lo s ,le] 3 sine BB il coygin o o Sglite el g8 By >
P14 0) el S (ST 50 Gy o sme S Sl gt o 40 ¥
DL 0) Cenl o gime BT 5929 pae Sl ms

TRP =S S| Stocking densities g S gslan :HCT (10555 500 HB aiw slo JoulS slaxi :WBC (50,8 sla Jsul5 slass :RBC

a8 bgs il lg 5 JUT Two-way ANOVA 4 gy 5
Alternatively, capital and small letters in a column indicate significant differences between different levels of tryptophan in high
and low stocking density, respectively (p<0.05).
Different small letters in a column indicate statistically significant differences between treatments (p<0.05).
*in each column indicates a significant difference between two stocking densities (p<0.05).

ns: It indicates no significant difference (p<0.05).
RBC: Red Blood Cells, WBC: White Blood Cells, HB: Hemoglobin, HCT: Hematocrit, TRP: Tryptophan.
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