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Introduction: Reproductive performance in female sturgeon is governed by a
complex interaction of nutritional, hormonal, and environmental factors, with
Sterlet nutrition playing a central role in modulating the hypothalamic—pituitary—
gonadal (HPG) axis and supporting gametogenesis. Among nutritional factors,
vitamin C, a vital water-soluble micronutrient, significantly contributes to
Nutrition growth and broodstock reproductive functions. However, despite the intrinsic
synthesis capability of sturgeons, heightened physiological demands under
intensive aquaculture conditions necessitate further investigation into optimal
diameter supplementation strategies. Given the importance of aquaculture, this study
compared the effects of dietary and injectable vitamin C supplementation on
growth performance and oocyte characteristics in sterlet Acipenser ruthenus
growth female broodstock.
Materials and Methods: A total of 36 female broodfish with an average body
weight of 812.46 + 174.96 g were randomly assigned to four treatments
including: Control (fed a basal diet without vitamin C and without injection;
F-1-), dietary vitamin C supplementation at 1000 mg/kg diet without injection
(F+I-), injection of vitamin C at 50 mg/kg body weight while fed the
unsupplemented basal diet (F—I+), and combined dietary (1000 mg/kg diet) +
injectable (50 mg/kg body weight) vitamin C (F+I+) were evaluated over a 60-
day experimental period. Growth indices and egg characteristics, including
germinal vesicle (GV) polarization index and egg diameter, were measured at
three sampling times: the first stage (before the start at the initiation of the
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experiment), the second stage (30 days after the start of the experiment), and the
third stage (60 days after the start of the experiment). Data were analyzed using
repeated measures ANOVA to examine the effects of treatment and time.
Results: No statistically significant differences were observed among the
experimental groups (F—I—, F+I—, F—I+, and F+I+) regarding growth indices at
any stage (P>0.05). Survival remained 100% in all treatments throughout the
study. Regarding oocyte quality, GV index showed no significant interaction
between time and treatment (P=0.99) and no significant effect of treatment
(P=0.75). Similarly, oocyte diameter increased over time, with the smallest
values recorded in phase 1 (P=0.02). No significant treatment effect (P=0.86) or
time X treatment interaction (P=0.56) was found for oocyte diameter.
Discussion: The absence of significant growth responses may be attributed to
the prioritized allocation of metabolic energy toward vitellogenesis rather than
somatic growth during the final stages of maturation. Furthermore, the
endogenous ability of sturgeon to synthesize ascorbic acid, coupled with high
tissue storage capacity, likely masked the effects of short-term supplementation.
The observed changes in GV index and oocyte diameter were consistent with the
natural progression of ovarian maturation regulated by the HPG axis, rather than
a direct consequence of vitamin C supplementation.

Conclusion: The findings of this study indicate that growth performance and
oocyte characteristics in female sterlet broodstock were unaffected by the
applied doses of dietary and injected vitamin C. Instead, changes in these
parameters were primarily driven by the progression of time and the natural
course of gonadal maturation. Further studies on biochemical indicators, such as
antioxidant enzyme activity under stress, are recommended.
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Table 1 Composition and proximate analysis of the experimental diets (%)

Experimental diets

Ingredients (wi thoi:)sggrlnin Q) Vitamin C-supplemented
Fish meal' 55.00 55.00
Soybean meal? 13.00 13.00
Wheat bran 11.28 11.18
Wheat flour 8.00 8.00
Lecithin? 4.00 4.00
Fish oil' 3.00 3.00
Canola oil? 3.00 3.00
Mineral premix* 1.00 1.00
Vitamin premix (without vitamin C)* 1.50 1.50
Vitamin C* 0.00 0.10
Probiotic® 0.02 0.02
Antifungal agent’ 0.20 0.20
Proximate analysis (mean = SD)
Protein 4430+ 0.42 44.15+0.64
Lipid 18.31 £0.12 18.25+0.35
Ash 10.40 £ 0.14 10.35+0.35
Moisture 5.35+0.31 5.35+0.57

1. Kilka fish meal (Kilka Powder Co., Sari, Mazandaran, Iran)

2. Government Trading Corporation of Iran (Amirabad Port, Behshahr, Mazandaran, Iran)

3. Pacific Commodities (Mumbai, India)

4. Proprietary formulation by Abzi-Gostar Avan Co. (Behshahr, Mazandaran, Iran)

5. DSM (Maastricht, Netherlands)

6. Bactocell (Montreal, Canada)

7. Biotox (Arian Dam Alborz Co., Alborz, Iran)
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Table 2 Growth performance of female sterlet (Acipenser ruthenus) from day 1 to 30 following
dietary and injectable vitamin C supplementation in different treatments (mean + SD, n = 9)

Experimental treatments

Growth Indices

F-1- F+I- F-I+ F+I+
Initial weight (g) 817.18 + 3.87 811.10 +3.81 809.87 +10.18 812.46 + 5.69
Final weight (g) 860.32 + 31.16 890 +17.36 861.60 + 37.51 869.13 + 34.93
Weight gain (g) 42.55 +29.75 78.94 £19.53 50.50 + 34.41 59.27+35.32
Average daily growth (g/day) 1.42+£0.99 2.63 £0.65 1.68 +1.15 1.97+1.18
Condition factor 0.41 £ 0.06 0.36 £0.02 0.36£0.03 0.41+0.01
Feed efficiency (%) 42.90 £ 26.54 52.60+4.11 46.43 +£27.49 59.25+21.68
Survival rate (%) 100 100 100 100

F-I-: Control (fed with basal diet lacking vitamin C, no injection); F+I-: Dietary vitamin C
supplementation, no injection; F-I+: Fed with control diet, injected with vitamin C; F+I+: Combined
dietary and injectable vitamin C supplementation
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Table 3 Growth performance of female sterlet (Acipenser ruthenus) from day 31 to 60 following
dietary and injectable vitamin C supplementation in different treatments (mean £+ SD, n = 9)

Growth Indices F-1- F+I- F-1+ F+I+
Initial weight (g) 860.32 +31.16 890.00 + 17.36 861.60 +37.51 869.13 +34.93
Final weight (g) 927.97 +£33.93 058.97 + 7.40 918.20 + 33.53 918.23 +£30.25
Weight gain (g) 67.65+30.63 68.92 +10.07 56.60 + 4.42 49.10 + 4.88
Average daily growth (g/day) 2.25+1.01 2.30+0.33 1.88£0.15 1.63 +£0.16
Condition factor 0.42 +£0.03 0.39+0.02 0.38 £0.01 0.41 £0.01
Feed efficiency (%) 53.73+£9.34 5737+ 1545 58.67 +£19.35 51.83+17.58
Survival rate (%) 100 100 100 100

F-I-: Control (fed with basal diet lacking vitamin C, no injection); F+I-: Dietary vitamin C
supplementation, no injection; F-I+: Fed with control diet, injected with vitamin C; F+I+: Combined
dietary and injectable vitamin C supplementation.
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Table 4 Growth performance of female sterlet (Acipenser ruthenus) following 60 days of dietary
and injectable vitamin C supplementation in different treatments (mean + SD, n = 9)

Growth Indices F-1- F+I- F-1+ F+I+
Initial weight (g) 817.18 + 3.87 811.10 + 3.81 809.87 +10.18 812.46 + 5.69
Final weight (g) 927.97+33.93  958.97+7.40  918.20+33.53 918.23 +£30.25
Weight gain (g) 110.20 + 36.07 147.87 £9.51 107.10 + 30.05 108.37 £30.95
Average daily growth (g/day) 1.84 £ 0.60 247+0.16 1.79 £ 0.50 1.81+0.52
Condition factor 0.43 +0.03 0.39+£0.02 0.38+0.03 0.41+£0.01
Feed efficiency (%) 49.61 £9.42 54.09 + 5.81 5342+ 11.87 56.04 +12.87
Survival rate (%) 100 100 100 100

F-I-: Control (fed with basal diet lacking vitamin C, no injection); F+I-: Dietary vitamin C
supplementation, no injection; F-I+: Fed with control diet, injected with vitamin C; F+I+: Combined
dietary and injectable vitamin C supplementation.
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Figure 1 Germinal vesicle index of oocytes in female sterlet (Acipenser ruthenus) following dietary
and injectable vitamin C supplementation in different treatments across three sampling times
(mean £ SD, n =9). Different uppercase letters above the bars within each sampling time indicate
significant differences among sampling times (P<0.05). Phase 1: before the start of the experiment;
phase 2: 30 days after the start of the experiment; phase 3: 60 days after the start of the
experiment. F-I-: control (fed a basal diet lacking vitamin C, without injection); F+I-: dietary

vitamin C supplementation without injection; F-I+: fed the vitamin C-free control diet and
injected with vitamin C; F+I+: both dietary and injectable vitamin C supplementation.
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Figure 2 Qocyte diameter of female sterlet (Acipenser ruthenus) following dietary and injectable
vitamin C supplementation in different treatments across three sampling times (mean + SD, n =
9). Phase 1: before the start of the experiment; phase 2: 30 days after the start of the experiment;
phase 3: 60 days after the start of the experiment. F-I-: control (fed a basal diet lacking vitamin
C, without injection); F+I-: dietary vitamin C supplementation without injection; F-I+: fed the
vitamin C-free control diet and injected with vitamin C; F+I+: both dietary and injectable
vitamin C supplementation.
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