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Abstract

The aim of this study was to investigate the effect of canola bioactive peptides, prebiotics and probiotics on
growth, blood biochemical and intestinal bacterial population indices of Caspian Sea salmon. 300 Caspian Sea
salmon with an average initial weight of 10 g were allocated to each fiberglass tank in a completely randomized
design with 5 treatments, 3 replications and 20 fish. The fish were fed with control treatment, 500 mg prebiotic,
1 g probiotic, 500 mg and 1 g bioactive peptides per kg of feed for 56 days. The results of the experiment showed
that the fish fed with canola bioactive peptides treatment had significantly better final weight, feed conversion
ratio and survival rate than other treatments (p<0.05). Also, in fish fed with canola bioactive peptides treatment,
the concentration of immunoglobulins A and M and blood cortisol increased and decreased, respectively,
compared to other treatments (p<0.05). The number of Lactobacilli in the intestines of fish fed with canola
bioactive peptides treatment increased compared to other treatments (p<0.05). Also, in fish fed with canola
bioactive peptides, the number of intestinal coliforms decreased compared to other treatments (p<0.05). According
to the results of the present study, canola bioactive peptides can be used as a functional food additive in the diet
of Caspian salmon.

Keywords: Canola bioactive peptides, prebiotics, probiotics, intestinal lactobacilli count, immunoglobulins A and
M, cortisol, Caspian Sea salmon
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EXTENDED ABSTRACT

Introduction:

The aquaculture industry continuously seeks functional feed additives to enhance growth, immunity, and disease
resistance while reducing reliance on antibiotics. Bioactive peptides derived from plant protein hydrolysates have
gained attention due to their low molecular weight, high absorbability, and biological properties including
antioxidant, antimicrobial, and immunostimulatory effects. Canola meal is the second major oilseed product in
many countries, but its use in aquafeed is limited by anti-nutritional factors such as sinapine, glucosinolates,
phytate, and tannins. Enzymatic hydrolysis can convert canola protein into bioactive peptides, potentially
improving its nutritional value. This study aimed to compare the effects of dietary canola bioactive peptides (at
two levels), a prebiotic (AgriMOS), and a probiotic (Dipro) on growth indices, blood biochemical parameters
(glucose, cortisol, IgA, IgM), and intestinal bacterial populations (total bacteria, Lactobacillus spp., Escherichia
coli) in Caspian Sea salmon (Salmo trutta caspius).

Methods:

A total of 300 juvenile Caspian salmon with an average initial weight of 10 g were distributed in a completely
randomized design comprising 5 treatments, 3 replicates per treatment, and 20 fish per 300 L fiberglass tank. The
experimental treatments were: 1) Control (no additive), 2) Prebiotic (AgriMOS, containing f-glucan and mannan-
oligosaccharides) at 500 mg/kg feed, 3) Probiotic (Dipro, containing Bacillus licheniformis and Bacillus subtilis,
3.2x10° cfu/g) at 1 g/kg feed, 4) Canola bioactive peptides at 500 mg/kg feed, and 5) Canola bioactive peptides at
1 g/kg feed. All additives were coated onto a commercial basal diet using fish oil. Fish were fed for 56 days.
Canola bioactive peptides were produced via enzymatic hydrolysis (Alcalase) under optimized conditions (50 °C,
pH 8, 4 h), followed by centrifugation, freeze-drying, and molecular weight distribution analysis using HPLC with
a TSK gel column. Growth indices including body weight increase (BWI), specific growth rate (SGR), feed
conversion ratio (FCR), and survival rate were calculated. At the end of the trial, blood samples were collected
from the caudal vein of 5 fish per replicate. Serum cortisol and immunoglobulins (IgA and IgM) were measured
using ELISA kits, and glucose was measured by enzymatic-photometric method. Intestinal samples were taken
for microbiological analysis (total count, Lactobacillus, E. coli) using selective media (MRS, Chromoagar, and
count agar). Data were analyzed using GLM procedure in SAS, with Duncan’s multiple range test (p < 0.05.(

Results:

The canola bioactive peptides had a molecular weight range of 180-3000 Da, comprising 54.90% di- and
tripeptides (180-500 Da), 39.30% oligo- and polypeptides (500—>2500Da), and 5.80% free amino acids
(<180 Da). Both levels of canola bioactive peptides significantly improved growth and feed efficiency compared
to the control, prebiotic, and probiotic groups (p <0.05). The highest final weight (73.57 g and 58.68 g for 500 mg
and 1 g/kg, respectively) and lowest FCR (1.16 and 1.10) were recorded in fish fed bioactive peptides. Mortality
rate was lowest in the peptide groups (0.53% and 0.46%) compared to control (4.37%). Prebiotic and probiotic
treatments also improved growth over control but were less effective than peptides. Fish fed canola bioactive
peptides exhibited significantly lower serum glucose (121.7 and 120.35mg/dL) and cortisol (33.0 and
33.9 ng/mL) compared to all other groups (p <0.05). In contrast, serum IgM and IgA levels were significantly
elevated in the peptide-fed fish (IgM: 2.95 mg/dL; IgA: 2.98 mg/dL) compared to control (IgM: 1.15, IgA: 2.25)
and other treatments (p <0.05). The prebiotic and probiotic groups showed intermediate values. The highest
intestinal Lactobacillus counts were observed in fish fed canola bioactive peptides (3.54 and 3.56 log CFU/g) and
probiotic (3.10 log CFU/g), all significantly higher than control (2.19 log CFU/g) (p <0.05). Conversely, E. coli
counts were significantly lower in peptide-fed groups (1.90 and 1.95 log CFU/g) compared to control (2.27
log CFU/g) (p <0.05). Prebiotic and probiotic treatments also reduced E. coli but to a lesser extent. Total bacterial
counts followed a similar trend.

Discussion and Conclusion:

The superior growth performance and FCR in fish fed canola bioactive peptides can be attributed to the high
proportion (=55%) of di- and tripeptides, which are efficiently absorbed via intestinal peptide transporters
(PepT1), enhancing nutrient uptake. The reduced cortisol levels indicate lower stress responses, possibly due to
improved gut health and immunomodulation. The increase in serum IgM and IgA reflects stimulation of the
humoral immune system, consistent with known bioactivities of plant-derived peptides. Furthermore, the
prebiotic-like effect of these peptides promoting Lactobacillus and suppressing E. coli suggests a dual mechanism:
direct antimicrobial action against pathogens and selective stimulation of beneficial commensals. Both tested
levels (500 mg/kg and 1 g/kg) showed positive effects, with the lower dose being economically favorable. In
conclusion, canola bioactive peptides produced by enzymatic hydrolysis are effective functional feed additives
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for Caspian Sea salmon, improving growth, immunity, stress indicators, and gut microbiota composition. They
offer a promising alternative to conventional prebiotics and probiotics in aquafeeds.
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