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Fig 1 Typical particle size distribution and zeta potahtiurves of the oregano essential oil (OEO) naoslbmes.
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Table 1 Changes in the total viable count of Rainbow trfdlets, Control: uncoated samples; Gelatin:
samples coated with Gelatin; G+2%OEOQO: samples doaith Gelatin+2% oregano essential oil;
G+L.2%0EO: samples coated with Gelatin+oreganontisg®il (2%) nanoliposomes during storage at

4°C for 16 days.

Samples storage time (day)
0 4 8 12 16
Control 2.87+0.19F 5.14+0.16° 7.37+0.26° 8.45+0.07° 9.82+0.24%
Gelatin 2.87+0.18F 5.02+0.04° 7.13+0.16° 8.65+0.08° 9.45+0.0%*
G+2%0EO 2.87+0.16F 4.53+0.36° 6.38+0.08° 7.53+0.188 8.67+0.15"
G+L.2%0OEO 2.87+0.18F 4.38+0.08° 5.86+0.2f°¢ 7.15+0.08° 8.71+0.18"

Different lowercase letters (a, b, c,..) in eacluem represent significant differences betweenttneats and
Different capital letters (A, B, C,..) in each roepresent significant differences between timesalae expressed
as mean + standard deviation (n = 3).
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Table 2 Changes in Psychrotrophic counts of Rainbow tfilats during storage at 4°C for 16 days.

Samples storage time (day)
0 4 8 12 16
Control 2.63+0.18F 4.96+0.13° 7.50+0.0%° 8.67+0.08° 9.60+0.08*
Gelatin 2.63+0.18F 4.90+0.258°° 7.42+0.14° 8.51+0.17° 9.40+0.08*
G+2%0EO 2.63+0.18F 4.62+0.16° 6.83+0.07¢ 8.22+0.06° 9.06+0.26*
G+L.2%0EO 2.63+0.18F 4.21+0.08° 6.18+0.15° 7.94+0.14° 8.80+0.16*

Different lowercase letters (a, b, c,..) in eacluom represent significant differences betweenttneats and
Different capital letters (A, B, C,..) in each roepresent significant differences between timesalae expressed
as mean + standard deviation (n = 3).
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Table 3Changes in Pseudomonas SPP. Counts of Rainbowfitkeistduring storage at 4°C for 16 days.
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Samples storage time (day)
0 4 8 12 16
Control 2.57+0.07F 4.73+0.08° 6.68+0.03° 8.12+0.09° 8.49+0.18"*
Gelatin 2.57+0.07¢ 4.64+0.23° 6.70+0.1%¢ 7.77+0.18° 8.63+0.18"
G+2%0EO 2.57+0.07% 4.13+0.08° 5.86+0.13¢ 6.55+0.288 8.23+0.18°
G+L.2%0EO 2.57+0.07F 4.05+0.08° 5.83+0.18¢ 6.78+0.26° 8.07+0.25*

Different lowercase letters (a, b, c,..) in eacluem represent significant differences betweenttneats and
Different capital letters (A, B, C,..) in each roepresent significant differences between timeda@ee expressed
as mean + standard deviation (n = 3).
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Table 4 Changes in Enterobacteriaceae of Rainbow trdetditluring storage at 4°C for 16 days.

Samples storage time (day)
0 4 8 12 16
Control 1.96+0.11° 3.90+0.08° 5.88+0.04° 6.87+0.27" 7.10+0.2%"
Gelatin 1.96+0.1° 3.90+0.07¢ 5.46+0.08° 6.84+0.15" 6.93+0.13"
G+2%0OEO 1.96+0.11F 3.53+0.04° 4.63+0.15° 5.74+0.07° 6.12+0.3%4
G+L.2%0EO 1.96+0.11° 3.07+0.04° 4.15+0.28° 6.08+0.26* 6.18+0.13%

Different lowercase letters (a, b, c,..) in eacluem represent significant differences betweenttneats and
Different capital letters (A, B, C,..) in each raepresent significant differences between timegaae expressed

as mean + standard deviation (n = 3).
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The effects of gelatin derived from Common cardesa&nriched with pure and nanoliposome Oregano
essential oil (OEO) (2% oil) as a preservative iogaton shelf life extension of Rainbow trout
(Oncorhynchus mykiss) fillets during refrigerated storage (4 °C) wexleated over a period of 16 days.
The control and coated fillet samples with pureatiel and gelatin contained OEO and OEO
nanoliposoms were analyzed periodically for micotdojical (total viable count, psychrotrophic count,
Pseudomonas spp., and Enterobacteriacaae chemical (TVB-N, pH) characteristics. Bactegiaw

most quickly in trout fillets control, followed hose coated with gelatin and the lowest counteirer
coated samples with gelatin contained OEO nanaipss(p<0.05). The TVB-N and pH increased with
time of storage. TVB-N and pH correlated well witie microbiological data that indicating TVB-N and
pH may serve as a useful index for fillets spoildgegenerally, results shown that the gelatin cai

contained OEO and OEO nanoliposoms, resulted igréfisant shelf life extension of the trout fillets
compared to the control samples (p<0.05). Treatnasentained OEO nanoliposoms especially in the
early days, in all analyses was better than pusergiml oil. These results shown that nanoliposoms
mainly until about a week after storage, enhandex dffectiveness and sustainability antibacterial
properties of essential oils.

Keywords: Gelatin, Essential oil, Nanoliposome, StoragenBaw trout
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