,._‘o_’-‘- 4.19_\:.9 \\ &
Ol LS W A
(DOI): 10.22092/ISFJ.2026.135744 35(2) 39-60 Iranian Scientific Fisheries Journal

Different dietary levels of astaxanthin on growth indices, sex hormones and sexual
maturity indices in pre-broodstock beluga (Huso huso)

Seyed Hassani M.H.*!, Yousefi Jourdehi A.!, Hallajian A.!, Mohseni M.!, Sohrabi T.!,
Yeganeh H.!, Ghasemian S.!, Fadakar Masouleh F.!

*mirhamedhassani(@yahoo.com

1-International Sturgeon Research Institute, Iranian Fisheries Science Research Institute (IFSRI),
Agricultural Research, Education and Extension Organization, Rasht, Iran

Received: October 2025 Accepted: February 2026 Published: July 2026

MCopyright: © 2025 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Introduction

Prolonged sexual maturation is a significant challenge in Huso huso aquaculture for both caviar and fry
production. The most extended period of sexual maturation occurs during the II-II1 and ITI-1V stages (7—
8 years), which are associated with substantial stagnation in capital investment. The decrease of the
sexual maturation period and quality of gametes is greatly influenced by vitellogenesis quality that
vitellogenesis is depended on time secretion of hormone 17 beta-estradiol. Under normal conditions,
after temperature and photoperiod changes, hypothalamus secretes hypothalamic releasing hormone
(GnRH), which releases gonadotropin hormones GTH; and GTH,. GTH; in the ovary triggers follicle
cell receptors to produce 17-beta-estradiol, (the main sex steroid). 17-beta-estradiol diffuses across the
membrane of liver cells, attaches to estrogen receptors, activates vitellogenin transcription and
translation, and allows that fish to enter stage IV sexual development. Astaxanthin, a small molecule
containing hydroxyl and unsaturated ketone groups, is a 17-estradiol secretion stimulator,
steroidogenesis accelerator, estrogen and progesterone secretion enhancer that lead to a sexual maturity
period reduction in fish. Few studies have been undertaken to determine the effect of astaxanthin on
gonadal growth and sexual maturation indicators in sturgeon. This study conducted on growth indices,
hormone secretion, and sexual maturity in sturgeon prebroodstocks at sexual maturation stage Il fed by
dietary astaxanthin.

Methodology

Astaxanthin was derived from Carophyll® pink 10% (DSM-Bright Science, BrighterLiving™,
Netherlands; CAS No.: 7542-45-2) provided by Abzico Company, Yasuj, Kohlakoyeh and Boyer-
Ahmad Province, Iran. The experimental diets were formulated based on the nutrition requirements of
Siberian sturgeon broodstock and available references (protein was 50%, lipid 1 15%, and energy was
18 mj/ kg dry matter in Excel Solver program. AST so, AST 100, AST 150, and AST 200 diets were created
by supplementing 50, 100, 150, and 200 mg/kg astaxanthin, respectively. Twenty-seven pre-broodstock
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fish with average weight and length of 16.16+0.16 and 140.65+13.2 cm at sexual maturity II were
selected. The fish were fed 0.5% of their body weight for 645 days. the fish Gonadal development was
examined with a monitor model (LG, 19M38HB, Korae) by making a longitudinal incision in the
abdomen. sexual maturation hormones levels (testosterone, 17 beta estradiol and 17 alpha
hydroxyprogesterone) were determined by blood sampling collected from caudal vein. Dry matter was
measured by drying the sample at 105°C until constant weight was reached; crude protein was measured
using the Kjeldahl method in three stages of digestion, distillation, titration, and multiplying the nitrogen
obtained from each gram of dry matter by 6.25; ash was measured by burning the sample in an electric
furnace (Muffle Furances, RHF 16/3/3216 P1 Model, England, Plymouth) at 550°C.Crude fat were
measured by Soxhlet lipid extraction using ether solvent reaching a boiling point of 50-60°C for 4-6
hours in a Soxhlet extractor (Gerhart Soxthoterm SOX Hamburg, Hamburg, German), and total energy
were measured using a bomb calorimeter (Calorimeteradiabatic C-400 IKA, Heiterbeini, GMBIL,
Brussels, Belgium) (AOAC, 1995).17 alpha hydroxyprogesterone was determined in ng/gr using the
Monobind ELISA kit, 17 beta estradiol and testosterone levels were determined using kits (Immunotech,
France) and the 1125 detector via radioimmunoassay (RIA) using a GammaCounter (LKB, France) in
ng/ml using the modified method of Cattaldi ef al. (1998).

Results

Fish fed the Cyo diet exhibited the highest final weight, body weight gain percentage, and specific
growth rate, along with the lowest feed conversion ratio (p<0.05). There were no significant variations
in estradiol, testosterone, and alpha-hydroxyprogesterone levels in fish during the first biometric period
following the introduction of pre-broodstock to the pond (sexual maturation II) (»>0.05). In second
biometry, there was no significant difference in estradiol and testosterone hormones secretion after 10
months of feeding. Fish fed the AST, had an estradiol level of around 0.3+0.05 ng/ml. However, fish
fed the AST s0, AST 100, and AST 150 had levels of 0.27+0.01, 0.25+0.03, and 0.25+0.01 ng/ml,
respectively (p>0.05). Fish fed AST 200 had higher levels (0.35+0.04 ng/ml). The testosterone level in
fish fed AST o was 0.27+0.04 ng/ml. Testosterone levels decreased in fish fed AST so, AST 100, and AST
150 (0.17+0.00, 0.18+0.006, 0.18+0.01 ng/ml), whereas increased in fish fed AST 200 compared to AST
(»>0.05). There was no significant difference in the amount of 17 alpha-hydroxyprogesterone between
treatments, however the highest amount was seen in the blood serum of fish fed a AST . In third
biometry, Broodstock fed by AST 200 had the highest testosterone levels (0.71+£0.19 ng/mg), significantly
higher than other treatments (p<0.05). Fish fed with ASTso and AST200 showed the highest amounts of
testosterone (0.78 £ 0.4 and 0.71 + 0.19 ng/mg, respectively) (p<0.05). also, Broodstock fed AST ¢ and
AST»00 showed highest 17-alpha-ydroxyprogesterone (42+0.08 and 43+0.08 ng/ml, respectively)
compared to fish fed AST, dietary (p<0.05). But, Estradiol hormone secretion in fish fed with AST s,
AST 100, and AST 200 had a significant increase at last sampling stage and reached to 0.76+0.092 ng/ml
(»<0.05). The testosterone level in fish fed a Cy was 1.63+0.24 ng/ml. No significant difference in

testosterone secretion was seen in broodstock fed with Co compared to AST so, Cioo, and AST i5so.
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However, broodstock serum testosterone fed with Cayy increased and reached 7.5+1.1 ng/mL. Fish fed
with AST so, AST 100, and AST 150 had significantly lower levels of alpha-ydroxyprogesterone compare
to AST . Fish fed with Cagp also had lower levels of alpha-hydroxyprogesterone in their serum compared
to fish fed AST o diet (p<0.05). On the other hand, The results obtained from fish laparoscopic
observations showed that the broodstock fed a diet containing C»oo were entering stage [V and immature
oocytes and eggs were visible in the ovarian tissue, while the broodstock fed a diet lacking astaxanthin
as well as the broodstock of AST so, AST 100 and AST 150 treatments were stopped at stage III sexual
maturation.

Conclusion and discussion

In agreement with our result, Xie et al. (2020) showed that astaxanthin supplementation at levels of 75
and 100 mg/kg improved growth parameters in largemouth bass (Micropterus salmoides). Similarly,
astaxanthin supplementation in the diets of white leg shrimp (Litopenaeus vannamei), pacu (Piaractus
mesopotamicus) (Bacchetta et al., 2019), and tiger shrimp (Penaeus monodon) (Niu et al., 2015)
increased growth and decreased feed conversion ratio. According to Zhang et al. (2013b), carotenoid
pigments improve nutritional digestion, absorption, and feed utilization by enhancing digestive enzyme
activity and increasing feed intake. Carotenoids have sexual maturation-stimulating properties that can
induce vitellogenesisy the of sex steroids synthesis increasing (17-estradiol) and quicker oocyte
maturation accelerate in rainbow trout (Orn et al., 2003). Fish that were provided the C200 diet showed
higher levels of estradiol and 17a-hydroxyprogesterone compared to those fed the ASTO diet after 16
months of feeding. Laparoscopic observations confirmed that the fish fed AST»0 had passed the 111
stage of sexual maturation and vitellogenesis had occurred. Similar results were reported in the bull
tongue shoe (Cynoglossus semilaevis) (Xu et al., 2017), the large freshwater shrimp (Macrobrachium
rosenbergii) (Tao et al., 2025). In this study, broodstock fed with ASTz9 showed a rapid decrease in
17a-hydroxyprogesterone levels as they near approach of stage IV. During oocyte maturation, HSDH-
20pB converts 17a-hydroxyprogesterone in granulosa cells to 170-20B-hydroxy progesterone, it seems
be, 17a-hydroxyprogesterone decreasing in Cago treated broodstock may be due to oocyte maturation.
At this stage, follicles are poised to produce steroids in order to stimulate ultimate maturation.
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Table 1: Formulation and biochemical composition of prepared diet =(3n= mean * standard deviation) (percentage of
dry matter)

Astso (50

Control (0 Ast100 (100 Ast150 (150 Astz00 (200
mg/kg ast)

mg/kg ast) mg/kg ast mg/kg ast) mg/kg ast)
Fish Meal Anchovy ! 50 50 50 50 50
Soy bean meal 2 11 11 11 11 11
Wheat gluten 2 9 9 9 9 9
Wheat meal 3 10 9.995 9.99 9.985 9.98
Fish oil ! 11 11 11 11 11
Canola oil 0 0 0 0 0
Soy lecithin 3 2 2 2 2 2
Vitamin premix ¢ 1 1 1 1 1
mineral premix © 1 1 1 1 1
Vitamin E © 0.1 0.1 0.1 0.1 0.1
Vitamin C © 0.3 0.3 0.3 0.3 0.3
Mono Calcium Phosphate 7 1.5 1.5 1.5 1.5 1.5
L-Carnitine 7 0.1 0.1 0.1 0.1 0.1
Methionine ’ 0 0 0 0 0
Lysine ’ 0 0 0 0 0
Betaine 7 1 1 1 1 1
Binder ’ 2 2 2 2 2
Astaxantine 7 0 0.005 0.01 0.015 0.02
Total 100 100 100 100 100
Biochemical composition (%)
Dry Matter 81.72£1.5 81.56+0.95 81.72+0.75 81.73+0.65 81.85+0.55
Protien 48.5+0.89 48.35+0.95 48.56+0.91 48.21+0.81 48.25+0.75
Lipid 16.93+0.65 16.85+0.55 16.92+0.35 16.94+0.45 16.85+0.36
fiber 0.89+0.065 0.89+0.038 0.88+0.054 0.93+0.034 0.89+0.035
Nitrogen free extract 10.05+0.75 10.06+0.65 10.05+0.45 10.08+0.46 10.06+0.38
Ash 5.67+0.75 5.66+0.35 5.65+0.38 5.71+£0.28 5.67+0.30
Gross energy (MJ/kg) 18.55+0.35 18.57+0.65 18.55+0.28 18.57+0.35 18.55+0.21
Threonine (% / dry matter) 1.78+0.21 1.79+0.25 1.75+0.15 1.77+0.12 1.79+0.11
Valine (% / dry matter) 2.77+0.12 2.78+0.11 2.79+0.13 2.76+0.18 2.75+0.12
Methionine (% / dry 1.340.14 1.31+0.18 1.29+0.17 1.30£0.15 1.28+0.11
matter)
Isoleucine (% / dry matter) 2.48+0.12 2.51£0.15 2.49+0.11 2.5040.12 2.51+0.18
Leucine (% / dry matter) 2.96+0.21 2.95+0.23 2.94+0.18 2.97+0.21 2.95+0.18
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Astso (50

Control (0 Ast100 (100 Ast150 (150 Ast200 (200
mg/kg ast)
mg/kg ast) mg/Kkg ast mg/kg ast) mg/kg ast)
3 0,
Ezgyrl)alanme (% / dry 1.86+0.15 1.85+0.17 1.84+0.16 1.86+0.23 1.79+0.28
Lysine (% / dry matter) 3.110.16 3.1240.15 3.11£0.15 3.15+0.18 3.170.16
Histidine (% / dry matter)  0.76+0.07 0.74+0.09 0.74+0.08 0.73+0.09 0.75+0.0.5
Arginine (% / dry matter) 3.08+0.16 3.02+0.15 3.05+0.16 3.05+0.2 3.06+0.17
0

Tryptophan ((% / dry 0.59+0.07 0.57+0.06 0.58+0.06 0.57+0.07 0.58+0.06

matter)
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(o 150 5 45SLeS sl )e zgmly ¢ 65 T &8 15 51 oas ags CAS No.: 7542-45-2 -
1- Khazar Fish Meal Manufacturing Company, Kiashahr (Gilan Province).
2- Zarrin -Neshasteh Meal Company, Isfahan (Isfahan Province).
3- Iran Ard Meal Company (Rasht Industrial City, Gilan Province, Iran).
4- Mazandaran Livestock & Poultry Feed Company, Gorgan.
5- Vitamin Premix Composition: DL-a-Tocopherol Acetate: 60 I.U., DL-Cholecalciferol: 3000 1.U., Thiamine: 15 mg/kg,
Riboflavin: 30 mg/kg, Pyridoxine: 15 mg/kg, Vitamin B12: 0.05 mg/kg, Nicotinic Acid: 175 mg/kg, Folic Acid: 5 mg/kg,
Ascorbic Acid: 500 mg/kg, Inositol: 1000 mg/kg, Biotin: 2.5 mg/kg, Calcium Pantothenate: 50 mg/kg, Choline Chloride:
2000 mg/kg (Sians Company, Tehran). Supplied in 5 kg packages. Mineral Premix Composition: (Calcium Carbonate: 40%
or equivalent to 2.15 g/kg, Magnesium Oxide: 1.24 g/kg, Ferric Citrate: 0.2 g/kg, Potassium lodide: 0.4 mg/kg, Zinc Sulfate:
0.4 mg/kg, Copper Sulfate: 0.3 g/kg, Manganese Sulfate: 0.3 g/kg, Dibasic Calcium Phosphate: 5 g/kg, Cobalt Sulfate: 2
mg/kg, Sodium Selenite: 3 mg/kg, Potassium Chloride: 0.9 g/kg, Sodium Chloride: 0.4 g/kg (Sians Company, Qazvin).
Supplied in 5 kg packages.

6- Livestock Feed Production of Gilan Union, Saravan (Gilan Province).
7- CAS No.: 7542-45-2, prepared/supplied by Abziko Company, Yasuj (Kohgiluyeh and Boyer-Ahmad Province).
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Table 2: Growth indices and feed conversion ratios of pre- Huso huso prebroodstocks fed different diets containing
different levels of astaxanthin over 645 days (n=3, mean + standard deviation)

Index / Diet Control Ast50 Ast100 Ast150 Ast200

(0 mg/kg ast) (50 mg/kg ast) (100 mg/kg ast) (150 mg/kg ast) (200 mg/kg ast)
Eg;al weight 16.3341.52 16.16+3.01 16.3342.29 16.20+1.70 16.16+1.04
Final weight (kg) ~ 31.03+7.45° 34.96:+4.42 39.4343.05 43744350 2 45.6042.10 2
Initial length (m) 1.3620.15 1.33+0.41 1.55+0.20 1.5540.25 1.30+0.13
Final length (m) 1.61+0.57 1.62+0.66 1.64+0.14 1.770.11 1.7620.14
Condition factor 0.7240.11 0.81+0.19 0.90+0.19 0.79+0.11 0.84+0.15
BWI (percentage g9 45360 118005142  147.88438.72% 1715042230 ®  183.46+32.6°
during the period)
SGR (percentage 0.09+0.03 0.12+0.01 ® 0.13+0.024 @ 0.15£0.018 @ 0.16£0.01 ®
per day)
?;‘yliy growth (gr/ 9y 75410.16¢  29.05:2.42 % 35.8543.74 tbe 42.50+5.83 @ 45.49+5.04 *
FCR 4.89+1.91 3.87+0.15 3.01+0.66 2.69 +0.58 2.69+0.33
PER 0.43+0.14 0.51+0.02 0.68+0.15 0.76+0.14 0.74+0.10

(p<0.05). sl Jlo imo (glal Bl oins (lis sy jo j0 Sglite eSSl g >
Different English letters in each row indicate a statistically significant difference (p<0.05)."
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Figure 1: 17 beta estradiol hormone secretion in the second sampling (Antenna-like shapes represent the standard
deviation)
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Figure 2: Testosterone hormone secretion in the second sampling (Antenna-like shapes represent the standard

deviation)
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Figure 3: 17 - Alpha-hydroxyprogesterone hormone secretion in the second sampling (Antenna-like shapes represent
the standard deviation)
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Figure 4: Level of 17 beta estradiol hormone secretion in the third sampling (Antenna-like shapes represent the

standard deviation)
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Figure 6: 17 - Alpha-hydroxyprogesterone hormone secretion in the third sampling (Antenna-like shapes represent

the standard deviation)
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Figure 7: Level of 17 beta estradiol hormone secretion in the Fourth sampling (Antenna-like shapes represent the

standard deviation)
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Figure 8: Testosterone hormone secretion in the Fourth sampling (Antenna-like shapes represent the standard

deviation)
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