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ABSTRACT

Introduction: Aquaculture's rapid expansion has led to a high demand for
fishmeal, a key protein source in aquafeed. To address this, alternatives like fish
protein hydrolysates (FPHs) are being investigated. FPHs are produced from the
enzymatic digestion of proteins in fish processing waste. They have been found
to enhance fish growth, feed efficiency, immune responses, and disease
resistance. FPHs contain functional and bioactive peptides, making them a viable
substitute for fishmeal in aquafeeds. They are also a rich source of proteins,
amino acids, peptides, and antioxidants, which are beneficial for fish health and
welfare. However, it is important to determine the optimal FPH inclusion level
to avoid potential negative effects from excessive use. This study investigates
the effects of different levels of autolytical FHP on the growth performance,
survival, and some blood parameters of juvenile beluga, Huso huso over a 48-
day period.

Materials and methods: A total of 750 belugas with an initial weight of 3+ 0.5
g were randomly distributed into five experimental groups: a control group
(without FHP), three treatments with different levels of FHP replacing fishmeal
(T1, T2, and T3 with inclusion level of 2.75%, 5.5%, and 8.25%, respectively),
and a positive control group (commercial feed, T4). The experiment was carried
out in 15 tanks (500-L), each containing 50 fish. The inflow water rate was 2
L/min, and the water exchange rate was 6 to 7 times per day in each tank. The
fish's growth performance was evaluated by measuring its biometric
characteristics every 15 days. Hematological parameters were assessed by
collecting blood samples from the treatment and control groups at the end of the
study.


https://janb.guilan.ac.ir/?_action=press&issue=-1&_is=%D9%85%D9%82%D8%A7%D9%84%D8%A7%D8%AA%20%D8%A2%D9%85%D8%A7%D8%AF%D9%87%20%D8%A7%D9%86%D8%AA%D8%B4%D8%A7%D8%B1&lang=en&lang=fa&lang=en

Results: The results indicated that the beluga fed the experimental diets
containing FHP had higher survival rates than the control group. The growth
indices in the FHP treatments were higher than those in the control group,
however, the differences were not statistically significant (p>0.05). Analyses of
hematological parameters showed no significant difference in white blood cell
count between treatments 1, 2, 3 and the control group (p>0.05). However, in
treatment 4 it was significantly different from all other groups (p<0.05). The red
blood cell (RBC) count of the control group was significantly different from that
of Ty (p<0.05), with the highest RBC observed in T1. There were no significant
differences in neutrophil percentages between the control group and T1 and Ta.
Additionally, T2 and Ts did not differ significantly from each other (p>0.05).
However, T4 showed a significant difference in neutrophil percentage compared
to the other treatments (p<0.05). In addition, T4 exhibited the lowest lymphocyte
percentage, which was significantly different from the other groups (p<0.05).
No significant differences were found between the experimental groups in other
blood parameters, such as hemoglobin, hematocrit, red blood cell indices,
monocyte and eosinophil percentages (p>0.05).

Discussion: The present study showed that dietary supplementation of
hydrolyzed protein in juvenile beluga diet significantly improved survival and
growth performance (final weight, specific growth rate and daily growth rate)
and did not induce any adverse alterations in the measured blood indices
compared to the control group. FPH, derived from enzymatic hydrolysis of fish
waste, is rich in proteins, amino acids, peptides, and antioxidants, and contains
functional and bioactive peptides. These components can improve growth, feed
utilization and immune functions in fish. It seems that optimal levels of FPH
supplementation can enhance juvenile beluga growth and health by providing a
balanced amino acid profile and bioactive substances that support physiological
responses.

Conclusion: In conclusion, the present study demonstrated that the replacement
of fishmeal with hydrolyzed protein up to level of 8.25% resulted in increased
survival and improved growth performance of juvenile beluga compared to the
control group, without any adverse effects on blood indices.

*Corresponding author: ahpour.z@gmail.com
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Table 1 Ingredients and proximate composition of experimental diets for feeding juvenile beluga

(H. huso)

Feed components Control (%) T1 (%) T2 (%) T3 (%)
Fish meal 55 52.25 49.5 46.75
Hydrolyzed protein 0 2.75 55 8.25
Wheat gluten 13 13 13 13
Milk powder 5 5 5 )
Wheat flour 6 6 6 6
Soybean meal 8 8 8 8
Fish oil 55 55 55 55
Soybean lecithin 2 2 2 2
Vitamin E 0.6 0.6 0.6 0.6
Vitamin supplement 1 1 1 1
Mineral supplement 0.5 0.5 0.5 0.5
Lysine 2 2 2 2
Methionine 0.8 0.8 0.8 0.8
Dicalcium phosphate 0.4 0.4 0.4 0.4
Betaine 0.2 0.2 0.2 0.2
Total 100 100 100 100

Proximate analysis of experimental diets
Chemical composition Control Ts T4 FPH
Crude protein (%) 53.54 53.79 54.48 52.46 73.79
Crude fat (%) 17.29 17.65 17.36 12.35 0.56
Crude fiber (%) 1.26 1.39 1.28 0.03
Ash (%) 8.96 8.29 12.58 5.33
Dry matter (%) 93.12 93.16 93.87 92.9 88.06
Energy (kcal/kg) 5565.38 5438.78 5283.52 5468.64 5004.06  4301.82

T, = substitute 2.75%; substitute 5.5%; substitute 8.25%; T, = Commercial feed; FPH= fish protein

hydrolysate.
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Table 2 Physicochemical characteristics of water during the culture period (mean + SE)

Indicators First two weeks Second two weeks Third two weeks
Oxygen (mg/L) 6.94 +0.11 6.89 +0.12 6.92 +0.11
Oxygen saturation (%) 77.63+141 76.70 £ 1.36 76.89 £ 1.26
Temperature (°C) 20.38+0.14 20.38+0.14 20.24 +0.13
pH 8.28 +£0.02 8.25+0.03 8.26 £ 0.02
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Table 2 Growth performance, feeding and survival rates in beluga (H. huso) fed with experimental diets at the end of experiment (in three
replicates) (mean + SE)

Growth indicators Control T1 T2 T3 T4
Initial weight (g) 2.97 +0.06 2.98 +0.03 2.97 £0.02 2.97 +0.03 2.97+2.19
Final weight (g) 49.29 + 0.96° 51.19 + 1.06° 51.02 + 2.78° 51.08 + 3.49b 55.88 + 3.492
Initial total length (cm) 8.15+0.06 8.20 + 0.08 7.68 +0.48 8.29+0.01 8.19 +0.02
Final total length (cm) 24.29 £ 0.65 23.75+£0.14 26.55+2.76 24.41 £0.38 24.49 £ 0.46
Primary biomass (g) 130.68 + 2.50 131.12 +1.41 130.68 £ 0.91 131.27 £1.30 130.53+£1.20
Final biomass (kg) 21.69 + 4.24b 22.52 £ 4.70P 22.45 £5.48P 22.48 £ 2.87° 24.59 + 9.642
Body weight gain (%) 1561.95 + 59.3° 1618.7+ 52.3% 1618.4 + 5.49% 1613.1 + 38.6% 1782.9+ 62.52
Feed conversion ratio 0.66 +£0.02 0.67 £0.01 0.65+0.04 0.64 =+ 0.005 0.65+0.02
Specific growth rate (% per day) 3.60+0.04° 3.64 £ 0.03%® 3.64 £ 0.03% 3.64 £ 0.02% 3.76 £ 0.042
Daily growth rate (%) 0.59 + 0.01° 0.61 +0.01° 0.61 + 0.02° 0.61 + 0.008° 0.67 +0.032
Condition factor 0.35+0.03 0.38 + 0.001 0.30 + 0.007 0.35+0.01 0.38 + 0.007
Feed efficiency 34.37+£1.06 34.14 +0.66 35.49 + 2.55 35.26 £0.31 35.03+1.23
Protein efficiency ratio 3.81+£0.11 3.79+£0.07 3.94+0.28 3.91+£0.04 3.89+0.14
Survival rate (%) 483+ 1561 62.7+1.66¢ 65.8 +1.46"C 69.1+1.87" 76.4+1.962

The different letters in each row indicate significant differences between different treatments at a significance level of p<0.05. Ty, T, and T3z = replacement of

2.75%, 5.5% and 8.25% FHP; T4 = Commercial feed

(3 1be! (glas & (12 S5lo) o0l julg youd (i g ilisio g gl (g3l (S lojT (sloe yuar b ouibar3i (H. hUSO) alo Jud Gg5 sloasls ¥ Jgu
Table 4 Hematological indices in beluga (H. huso) fed with experimental diets containing graded levels of fish protein hydrolysate (mean +

SE)
Hematological indicators Control T, T T3 T4
WBC (/mmd) 7666.67 + 560.89° 7366.67 + 376.31° 7966.67 + 316.93° 7683.33 + 376.31° 9960 + 560.892
RBC (/mm?) 524833 + 17941.4° 586333.3 + 18865.62 544833.3 + 13712.3%® 541166.7 + 12864.4% 564000 + 13382.2%
Hemoglobin (g/dL) 5.04+0.18 5.69+0.16 5.30+0.16 5.28+0.16 559+0.12
Hematocrit (%) 22 £0.95 25.83£1.08 23.33+£0.84 23.17+£0.74 24.60 £ 0.81
MCV (fl) 424.67 £5.42 439.50 £4.72 427.17 £4.85 427.33+4.18 435.6 + 4.37
MCH (pg/cell) 96.10+1.11 97.01 £ 0.57 97.27 £1.09 97.42 £0.99 99.16 £1.43
MCHC (g/dL) 22.60+0.19 22.05+0.32 22.72+0.24 22.73+0.13 22.72+0.37
Neutrophil (%) 14.33 £ 0.88° 14.50 + 0.42°¢ 17.17 £ 0.60P 15.66 + 0.71 19.80 + 1.012
Lymphocyte (%) 80.5+1.17°2 81.17 + 0.54° 78+ 1.12% 79.83+£0.942 73.80 £ 1.31°
Monocyte (%) 5+0.51 433+0.42 4.50 + 0.56 4.33+0.49 5.60 + 0.24
Eosinophil (%) 0.16 £ 0.00 0.00+0.00 0.33+0.33 0.16 +0.16 0.80+0.37

The different letters in each row indicate significant differences between different treatments at a significance level of p<0.05. Ty, T2 and T3 = replacement of
2.75%, 5.5% and 8.25% FHP; T4 = Commercial feed.
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