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indicate significant differences (P < 0.05).
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Figure 3. pH value of nanoliposome samples
containing essential oils of supercritical fluid (N1, N2
and N3) and hydrodistillation (N4, N5 and N6) of
citron peel during storage at 4 'C (A) and -18 °C (B).
Nanoliposomes formulation (W/W %): N1 and N4
(lecithin 40: oil 60), N2 and N5 (lecithin 50: oil 50)
and N3 and N6 (lecithin 60: oil 40). Different letters
between test samples on the same storage day
indicate significant differences (P < 0.05).

DPPH 5131 sla Jsl, Suaus ,lge oblg —F =Y

Jhw 5 ol U et gla lud Slast o1 cdle
ol g;vl.wﬁ d})-’jﬁbif‘j))) g{.«.“.’ C,\wﬂﬁ: Lflfu Léjﬁ
¥ 6LALAJ BE 6)‘.)\.@.<.: CJJ\A&}&JJ Cj)ﬁtj‘ybw)b
BsACoya)Y IS8 5slS Sl asmys-\A
U5 el s s el el s el 0L
Oley Ci8 L e 4505 DPPH 55T JISGsl,  Sas g
gas Gl (Al Bl lade 5 CBL als Ly g s s
d:ﬂg;,)b.é.aﬁ%;)ﬁfdbbjseﬁé)l.x&éu
¥'Cw o VAT los 3 b el 5wl SlS)

5 BLL > xiy fal 4 Lls e IS I b s

YAA

Figure 2. Comparison of the phenol retention
percentage in nanoliposome samples containing
essential oils of supercritical fluid (N1, N2 and N3)
and hydrodistillation (N4, N5 and N6) of citron peel
during storage at 4 'C (A) and -18 °C (B).
Nanoliposomes formulation (W/W %): N1 and N4
(lecithin 40: oil 60), N2 and N5 (lecithin 50: oil 50)
and N3 and N6 (lecithin 60: oil 40). Different letters
between test samples on the same storage day
indicate significant differences (P < 0.05).
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Figure 4. DPPH radical scavenging activity of free
and nanoliposome samples of different essential oils
of citron peel during storage at 4 'C (A) and -18°C
(B). Essential oils of supercritical fluid in free form
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(Es) and nanoliposome (N1, N2 and N3) and
essential oils of hydrodistillation in free form (Eh)
and nanoliposome (N4, N5 and N6). Nanoliposomes
formulation (W/W %): N1 and N4 (lecithin 40: oil
60), N2 and N5 (lecithin 50: oil 50) and N3 and N6
(lecithin 60: oil 40). Different letters between test
samples on the same storage day indicate significant
differences (P < 0.05).
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Figure 5. Antimicrobial activity of free and
nanoliposome samples of different essential oils of
citron peel against Staphylococcus aureus (1),
Escherichia coli (I1) and Pseudomonas aeruginosa
(111) bacteria during storage at 4 'C (A) and -18°C
(B). Essential oils of supercritical fluid in free form
(Es) and nanoliposome (N1, N2 and N3) and
essential oils of hydrodistillation in free form (Eh)
and nanoliposome (N4, N5 and N6). Nanoliposomes
formulation (W/W %): N1 and N4 (lecithin 40: oil
60), N2 and N5 (lecithin 50: oil 50) and N3 and N6
(lecithin 60: oil 40). Different letters between test
samples on the same storage day indicate significant
differences (P < 0.05).
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ABSTRACT

ARTICLE INFO

One of the critical methods to maintain the stability and functional
properties of plant essential oils as a useful source of bioactive compounds
against environmental damage is their encapsulation in nanocarrier systems
such as nanoliposomes. In this study, nanoliposome containing the citron
peel essential oils were prepared without the use of toxic organic solvent
and by employing health-giving compounds such as sesame oil in addition
to lecithin for the first time in the formulation. The stability of the samples
during 30 days of storage at temperatures of 4°C and -18°C was determined
by investigating the retention amount of phenolic compounds, pH changes,
antioxidant and antimicrobial performance. The nanoliposomal samples of
essential oils of hydrodistillation and supercritical CO, of citron peel
prepared with different concentrations of lecithin oil had different
quantities of pH and phenol retention percentage, and their amount reduced
with increasing storage time at both test temperatures. DPPH inhibitory
ability and antimicrobial activity of both citron peel essential oils were
improved after encapsulation in nanoliposome. But their amount in both
storage temperatures decreased with the advancing of time. The
nanoliposome of the supercritical fluid essential oil of citron peel
respectively with the formulation containing the highest and lowest amount
of lecithin oil at the storage temperature of 4°C showed the best result in
this study. Therefore, the citron peel essential oil with encapsulation in the
nanoliposome system prepared from lecithin-sesame oil, due to
improvement of antioxidant and antimicrobial activity and its higher
stability against storage temperature, can be used as an effective natural
functional additive in the food industry.
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