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Abstract

Today, fish plays a significant role in human diets, particularly in developing countries. Its high digestibility and
balanced amino acid profile, as well as its richness in essential nutrients such as lysine and methionine, make it a
valuable food source. The recognized health benefits of essential polyunsaturated fatty acids, especially omega-3
and omega-6, have encouraged increased seafood consumption. However, fresh fish are highly susceptible to
spoilage due to due to the rapid activity of endogenous enzymes and microbial growth. This study focused on
developing chitosan-based biofilms with varying concentrations of orange peel extract (0.5%, 1%, and 1.5%). The
objective was to evaluate the effects of these films on the counts of mesophilic aerobic bacteria and psychrotrophic
bacteria, as well as the chemical properties of sturgeon fish fillets during storage at 4°C. The results of the biofilm
thickness analysis, prepared with different concentrations of orange peel extract, showed that film thickness
increased with extract concentration up to 1%, reaching a maximum of 52 micrometers (p<0.05). Examinations
revealed that the maximum tensile strength of the biofilm without extract was 5.66 MPa, with a strain point of 60.
The average total viable bacterial counts of the samples at time intervals of 0, 4, 8, 12, and 14 days in fillets coated
with extract-containing biofilms were significantly lower than those of the control and extract-free biofilm
(p<0.05). Over time, the total viable bacterial counts significantly increased in all treatments except for the 1.5%
biofilm treatment (p<0.05). Additionally, over time, the total counts of Staphylococcus aureus and Escherichia
coli in the samples significantly increased in all treatments except for the 1% and 1.5% biofilm coatings (p<0.05).
This study demonstrated that chitosan coatings containing orange peel extract, due to their phenolic compounds
with high antioxidant activity and other bioactive components, are capable of inhibiting the growth of spoilage
microorganisms and reducing lipid oxidation in sturgeon fish fillets. These findings highlight the high potential
of these coatings as a natural and effective protective system for maintaining the quality and safety of aquatic
products.
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Introduction:

Fish, particularly sturgeon species like beluga (Huso huso), is a cornerstone of human nutrition worldwide, valued
for its high-quality protein, rich in essential amino acids such as lysine and methionine, and its abundance of
omega-3 and omega-6 fatty acids. These nutritional attributes have driven increased seafood consumption,
especially in developing countries. However, fresh fish is highly perishable due to rapid endogenous enzyme
activity and microbial proliferation, posing significant challenges to its shelf life and safety. Traditional chemical
preservatives, such as benzoates and sorbates, raise toxicological concerns, prompting a shift toward natural
alternatives. Consumer demand for "green" products—natural, chemical-free, and environmentally friendly—
further fuels this trend. Plant-derived extracts, including those from agricultural byproducts like orange peel, offer
promising antimicrobial and antioxidant properties. When combined with biopolymers like chitosan, derived from
crustacean shells, these extracts can enhance food preservation while minimizing environmental impact. Orange
peel, a cost-effective waste product, is rich in bioactive compounds such as flavonoids and phenolic antioxidants,
making it an attractive candidate for edible coatings. This study investigates the efficacy of chitosan-based
coatings enriched with orange peel extract as a natural preservation system for sturgeon fillets, addressing both
microbial and chemical degradation during refrigerated storage.

Objective:

The primary objective of this research was to evaluate the effects of chitosan biofilms enriched with varying
concentrations of orange peel extract (0.5%, 1.0%, and 1.5%) on the microbial load (total viable bacteria,
psychrotrophic bacteria, Staphylococcus aureus, and Escherichia coli) and chemical properties (e.g., peroxide
value, thiobarbituric acid, total volatile basic nitrogen, and pH) of beluga sturgeon fillets stored at 4°C. The study
aimed to assess the potential of these coatings as a sustainable, natural method to extend shelf life and maintain
the quality and safety of aquatic products.

Methods:

Beluga sturgeon (47-50 kg) were sourced from a fish farm in Sari, Mazandaran, Iran, and filleted under sterile
conditions (average fillet weight: 10 g). Orange peel extract was prepared by drying peels at 60°C, grinding them,
and extracting bioactive compounds with 96% ethanol. Chitosan (medium molecular weight, Sigma, Germany)
was dissolved in 1% acetic acid, mixed with glycerol (0.75%) as a plasticizer, and combined with orange peel
extract at concentrations of 0.0%, 0.5%, 1.0%, and 1.5%. Biofilms were formed by homogenizing the mixture,
removing air bubbles under vacuum, and spraying it onto nylon polymer films, followed by drying at ambient
temperature and further dehydration with magnesium nitrate. Five treatment groups were established: control (no
biofilm), 0.0% extract biofilm, and biofilms with 0.5%, 1.0%, and 1.5% extract. Fillets were coated and stored at
4 + 1°C, with physicochemical and microbial analyses conducted on days 0, 5, and 14. Chemical parameters
(protein, lipid, ash, PV, TBA, TVB-N, pH) were measured using standard methods (e.g., Kjeldahl, Soxhlet, AOAC
protocols). Microbial counts were determined via pour-plate techniques on plate count agar, with S. aureus and
E. coli assessed per Iranian national standards. Statistical analysis employed one-way ANOVA and Duncan’s
multiple range test (SPSS v17, p <0.05).

Results:

Biofilm thickness increased with orange peel extract concentration, peaking at 52 um with 1.0% extract (p < 0.05).
Tensile strength was highest in the 1.0% extract biofilm (14.58 MPa) compared to the extract-free biofilm (5.66
MPa), though strain points varied (51.9 vs. 60). Initial chemical analysis of uncoated fillets revealed 14.90%
protein, 3.33% lipid, 11.42% ash, PV of 0.93 meqg/kg, TBA of 0.91 mg MDA/kg, TVB-N of 10.12 mg N/100 g,
and pH of 6.35—all within acceptable limits for fresh fish. Over 14 days, total viable bacterial counts in extract-
coated fillets were significantly lower than in control and 0.0% extract groups (p < 0.05), with the 1.5% extract
coating showing the least increase over time. Similarly, S. aureus and E. coli counts rose significantly in all groups
except the 1.0% and 1.5% extract coatings (p < 0.05), with the latter demonstrating superior inhibition by day 14.
Chemical deterioration (e.g., lipid oxidation, TVB-N accumulation) was notably reduced in extract-enriched
coatings, attributed to phenolic compounds and bioactive agents in orange peel. The 1.5% extract biofilm
exhibited the strongest antimicrobial and antioxidant effects, maintaining fillet quality most effectively.

Conclusion:

This study demonstrates that chitosan coatings enriched with orange peel extract significantly enhance the shelf
life and quality of beluga sturgeon fillets under refrigeration. The 1.5% extract concentration proved most
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effective, reducing microbial growth (total bacteria, S. aureus, E. coli) and lipid oxidation while preserving
chemical integrity. These findings highlight the potential of this natural, biodegradable coating as a safe alternative
to synthetic preservatives, aligning with consumer preferences for sustainable, chemical-free food options. By
leveraging the antimicrobial and antioxidant properties of orange peel—a widely available agricultural
byproduct—this approach offers an economically viable, environmentally friendly solution for the seafood
industry. Future research could optimize extract concentrations and explore scalability for commercial
applications, further advancing food safety and sustainability.
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