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Introduction (Hypothesis and aims) 

Consumption of fish and fish products is recommended because of good 

digestibility and the high content of polyunsaturated fatty acids (PUFA). However, 

fish is also a highly perishable food, which imposes the development of preservation 

technologies able to maintain the fish quality throughout the period of time needed 

for market distribution and retail. In addition to, the heightened demands by 

consumers for better quality and improved freshness of food products have given rise 

to the development and implementation of edible coating containing essential oils. 

Applications of this edible coatings, may be useful to prolong the shelf life for fish 

and meats. Gelatin-based edible coatings have already been proposed to extend the 

shelf life of fresh fish fillet. With the spreading of mad cow disease and foot-and-

mouth disease in the world, edible coatings prepared from fish gelatin have received 

increasing attention. A large amount of fish scales is discarded in common carp fillet 

processing factories in Iran and has potential to be an important source of gelatin. 

Within a great variety of EOs, Oregano essential oil (OEO) is well known for its 

antioxidative and antimicrobial activity. However, Due to its volatile nature, essential 

oils can evaporate from film forming dispersions during drying, thus reducing its 

effectiveness in dried films. The encapsulation of essential oils could be a solution to 

maintain their usefulness for a longer time, by a control release of the compounds. 

The encapsulation of a hydrophobic compound in an aqueous dispersion requires the 

utilization of amphiphilic substances such as lecithin. Hence, the aim of this work 

was determine whether the shelf-life of refrigerated Rainbow trout fresh fillets can be 

extended by the use of a gelatin coating enriched with OEO and nanoliposomes OEO 

as an antimicrobial agent.   

Highlights 

- Bacteria grew most quickly in trout fillets control, followed by those coated with 

gelatin and the lowest counts were in coated samples with gelatin contained OEO 

nanoliposoms.  

- The results shown that the gelatin coatings contained OEO and OEO nanoliposoms, 

caused to a significant shelf life extension of the trout fillets as compared to the 

control samples.  

- Treatment contained OEO nanoliposoms especially in the early days, in all analysis 

were better than pure essential oil. These results shown that nanoliposoms mainly 

until about a week after storage, enhanced the effectiveness and sustainability 

antibacterial properties of essential oils.  
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Other Information (including tables and figures) 

The control and the coated fillet samples were analyzed periodically for 

microbiological (total viable count, psychrotrophic count, Pseudomonas spp.,  

and Enterobacteriaceae (and chemical (TVB-N, pH) characteristics. Bacteria grew 

most quickly in trout fillets control, followed by those coated with gelatin and the 

lowest counts were in coated samples with gelatin contained OEO nanoliposoms. 

The TVB-N and pH increased with time of storage. TVB-N and pH correlated well 

with the microbiological data that indicating TVB-N and pH may serve as a useful 

index for fillets spoilage. Treatment contained OEO nanoliposoms especially in the 

early days, in all analysis were better than pure essential oil. These results shown that 

nanoliposoms mainly until about a week after storage, enhanced the effectiveness 

and sustainability antibacterial properties of essential oils.   

Importance 
 

The heightened demands by consumers for better quality and improved freshness 

of food products have given rise to the development and implementation of edible 

coatings containing essential oils. These coats can help maintain and improve the 

quality of fresh, frozen and processed muscle foods by reducing moisture loss, lipid 

oxidation and color deterioration, and acting as carriers for antimicrobial and 

antioxidant food additives. Different spoilage mechanisms reported to be involved in 

the quality loss of fish during storage include microbial development, endogenous 

enzyme activity, non-enzymatic lipid oxidation and enzymatic browning. 

Applications of edible coatings, such as proteins (gelatin), containing essential oils 

(EOs) may be useful to prolong the shelf life for fish and meats. With the spreading 

of mad cow disease and foot-and–mouth disease in the world, edible coatings 

prepared from fish gelatin have received increasing attention. A large amount of fish 

scales is discarded in common carp fillet processing factories in Iran and has 

potential to be an important source of gelatin.   
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Other Information (including tables and figures) 

 

Figure 1. Typical particle size distribution and zeta potential curves of the nanoliposomes of OEO. 

 

Table 1. Changes in the total viable count of Rainbow trout fillets, Control: uncoated samples; Gelatin: samples 

coated with Gelatin; G+2%OEO: samples coated with Gelatin+2% OEO; G+2%L.OEO: samples coated with 

Gelatin+2% nanoliposomes OEO during storage at 4°C for 16 days.  

 

storage time (day) 
Samples 

16 12 8 4 0 

9.82±0.24aA 8.45±0.07aB 7.37±0.20aC 5.14±0.16aD 2.87±0.19aE Control 

9.45±0.01bA 8.65±0.08aB 7.13±0.16aC 5.02±0.04aD 2.87±0.19aE Gelatin 

8.67±0.12cA 7.53±0.15bB 6.38±0.05bC 4.53±0.36bD 2.87±0.19aE G+2%OEO 

8.71±0.18cA 7.15±0.09cB 5.86±0.21cC 4.38±0.08bD 2.87±0.19aE G+2%L.OEO 

Different lowercase letters (a, b, c,..) in each column represent significant differences between treatments and 

Different capital letters (A, B, C,..) in each row represent significant differences between times; Data are expressed 

as mean ± standard deviation (n = 3).   

 

Table 2. Changes in Psychrotrophic counts of Rainbow trout fillets during storage at 4°C for 16 days. 

 

storage time (day) 
Samples 

16 12 8 4 0 

9.60±0.08aA 8.67±0.08aB 7.50±0.01aC 4.96±0.12aD 2.63±0.13aE Control 

9.40±0.09bA 8.51±0.17aB 7.42±0.14aC 4.90±0.25abD 2.63±0.13aE Gelatin 

9.06±0.26bA 8.22±0.06bB 6.83±0.07bC 4.62±0.10bD 2.63±0.13aE G+2%OEO 

8.80±0.16bA 7.94±0.14cB 6.18±0.12cC 4.21±0.08cD 2.63±0.13aE G+2%L.OEO 

Different lowercase letters (a, b, c,..) in each column represent significant differences between treatments and 

Different capital letters (A, B, C,..) in each row represent significant differences between times; Data are expressed 

as mean ± standard deviation (n = 3).  
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Other Information (including tables and figures) 

Table 3. Changes in Pseudomonas SPP. Counts of Rainbow trout fillets during storage at 4°C for 16 days. 

 

storage time (day) 
Samples 

16 12 8 4 0 

8.49±0.18abA 8.12±0.09aB 6.68±0.03aC 4.73±0.09aD 2.57±0.07aE Control 

8.63±0.13aA 7.77±0.16bB 6.70±0.11aC 4.64±0.22aD 2.57±0.07aE Gelatin 

8.23±0.19bcA 6.55±0.23cB 5.86±0.13bC 4.13±0.08bD 2.57±0.07aE G+2%OEO 

8.07±0.22cA 6.78±0.20cB 5.83±0.15bC 4.05±0.05bD 2.57±0.07aE G+2%L.OEO 

Different lowercase letters (a, b, c,..) in each column represent significant differences between treatments and 

Different capital letters (A, B, C,..) in each row represent significant differences between times; Data are expressed as 

mean ± standard deviation (n = 3). 

 

 
Table 4. Changes in Enterobacteriaceae of Rainbow trout fillets during storage at 4°C for 16 days. 

 

storage time (day) 
Samples 

16 12 8 4 0 

7.10±0.21aA 6.87±0.27aA 5.88±0.04aB 3.90±0.09aC 1.96±0.11aD Control 

6.93±0.13aA 6.84±0.15aA 5.46±0.08bB 3.90±0.07aC 1.96±0.11aD Gelatin 

6.12±0.31bA 5.74±0.07bB 4.63±0.12cC 3.53±0.04bD 1.96±0.11aE G+2%OEO 

6.18±0.13bA 6.08±0.26bA 4.15±0.23dB 3.07±0.04cC 1.96±0.11aD G+2%L.OEO 

Different lowercase letters (a, b, c,..) in each column represent significant differences between treatments and 

Different capital letters (A, B, C,..) in each row represent significant differences between times; Data are expressed as 

mean ± standard deviation (n = 3). 
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Other Information (including tables and figures) 

 
 

 
 

Figure 2. Changes in the total volatile basic nitrogen (TVB-N) and pH value of Rainbow trout fillets, 

Blank: uncoated samples; Gelatin: samples coated with Gelatin; G+EO2%: samples coated with 

Gelatin+2% OEO; G+L.EO2%: samples coated with Gelatin+2% nanoliposomes OEO during storage at 

4°C for 16 days.   

 


