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Summary

Rainbow trout is highly susceptible to microbial spoilage, and use of active packaging to extend the shelf life
of perishable foods has gained considerable attention in recent years. The aim of this study was to investigate the
effect of bioactive films based on carboxymethyl cellulose (CMC) combined with zinc oxide nanoparticles (ZnO)
and pomegranate peel extract (PE) on maintaining the quality of rainbow trout. Films were prepared by the solu-
tion casting method and evaluated in five different groups. The films included carboxymethyl cellulose (CMC),
carboxymethyl cellulose/zinc oxide nanoparticles (CMC/ZnQ), carboxymethyl cellulose/zinc oxide nanoparti-
cles/0.5% pomegranate peel extract (CMC/Zn0O/0.5% PE), carboxymethyl cellulose/zinc oxide nanoparticles/1%
pomegranate peel extract (CMC/ZnO/1% PE), and carboxymethyl cellulose/zinc oxide nanoparticles/2% pome-
granate peel extract (CMC/Zn0O/2% PE). The fish samples were stored at 25°C for one week. The quality charac-
teristics of the rainbow trout samples, including the total volatile basic nitrogen (TVBN) content, total viable count
(TVC), and pH, were evaluated. The results showed that films containing zinc oxide nanoparticles and pomegran-
ate peel extract significantly reduced TVBN and TVC (P<0.05). Additionally, the pH of the samples in the treated
film groups was significantly lower than that in the control group (P<0.05), indicating the efficacy of these films
in reducing microbial activity and delaying the spoilage of rainbow trout. These results suggest that the use of
carboxymethyl cellulose-based films combined with zinc oxide nanoparticles and pomegranate peel extract, es-
pecially the CMC/Zn0O/2% PE film, could be an effective method for maintaining quality and extending the shelf
life of rainbow trout during storage.

Keywords: Carboxymethyl cellulose, zinc oxide nanoparticles, pomegranate peel extract, rainbow trout, anti-
bacterial activity, total volatile basic nitrogen
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