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Summary

Aquaculture, as a key component of global food production, requires strategies to reduce disease-related losses
and improve the health of cultured fish. Nuritional supplements such as probiotics and antioxidants have been
recognized as promising tools for enhancing fish immunity. In this study, the simultaneous effect of the probiotic
Weissella confusa and the antioxidant pigment astaxanthin on the expression of immune-related genes in rainbow
trout (Oncorhynchus mykiss) was investigated. A total of 240 fish were divided into four treatments (control,
probiotic, astaxanthin, and combined; each treatment in three replicates with 20 fish per replicate) and fed for 28
days. Expression levels of IFN-y, IL-6, IL-10, IL-12, IL-17, and TNF-o were measured in the anterior kidney and
spleen using qPCR. The combined treatment showed the highest (P<0.05) upregulation of I1L-10, 1L-12, IL-17,
and TNF-a compared to other groups. IFN-y expression increased on day 14 in the combined group but declined
by day 28. Moreover, IL-6 expression was significantly higher (P<0.05) in the probiotic and combined groups on
day 28. The temporal expression patterns indicated dynamic regulation and synergistic effects of probiotic and
astaxanthin supplementation. It appears that concurrent administration of Weissella confusa and astaxanthin
enhances molecular immune markers in rainbow trout and may serve as an effective nutritional strategy to improve
health and disease resistance in aquaculture production.
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