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Table 1 The formulation of prepared cinnamon
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essential oil and extract nanoliposomes

Amounts of Co-emulsifier Solvent (1:1 v/v
Sample  essential oil  Lecithin (g) . dichloromethanemethanol, = Water (mL)
and its amount
(mL) mL)

A 0.5 1 Glycerol (1 mL) 10 50
B 0.5 1 Triacetin(1 mL) 10 50
Propylene glycol
C 0.5 1 (1 mL) 10 50
Propylene glycol
D 0.25 1 (1mL) 10 50
Propylene glycol
E 0.125 1 (1 mL) 10 50

38 mL
aqueous ) )
F extract of 2 Tween 80 (2 mL)
cinnamon

A, B, C, D and E: Cinnamon essential oil nanoliposomes
F: Cinnamon extract nanoliposome
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Table 2 The main bioactive components of the cinnamon extract and essential oil

Chemical constituents Retention time Cinnamon Cinnamon
(min) extract (%) essential oil (%)
2-Ethyl-3-hydroxy-4H-pyran-4-one (Ethyl maltol) 11.21 <1 1.0
Cinnamaldehyde 13.28 33.74 50.95
2-Propenal, 3-phenyl- 15.50 <1 12.15
2H-1-Benzopyran-2-ol 15.59 1.10 <1
2H-1-Benzopyran-2-one 16.73 1.05 <1
Vanillin 16.93 2.80 1.71
Ethyl vanillin 17.08 1.64 l1.61
a-Muurolene 17.9 1.33 1.93
§-Cadinene (18.47 min, 1.69%) 18.47 1.69 2.11
Para Methoxy Cinnamic aldahyde 19.5 <1 1.36
4-(4-Hydroxyphenyl)-2-butanone 19.82 15.16 391
2-Propenal, 3-phenyl- 20.1 <1 1.06
2(3H)-Furanone 22.34 1.55 <1
2H-Pyran-2-one 22.99 4.17 <1
Phenol, 2-pentyl- 25.88 1.05 <1
Benzenamine, 2,6-dimethyl- 26.61 2.04 <1
Heptanone, 6-(dimethylamino)-4,4-diphenyl- 30.76 1.36 <1
Methoxyacetic acid benzyl ester 32.28 1.08 <1
1,3-Diphenyl-1H-pyrazole-4-carboxaldehyde 39.63 1.14 <1
Total 70.9 77.79

Only the compounds with > 1% were reported here in this format: detected chemical constitute (retention time,
percentage)
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Table 3 Physico-chemical characteristics of the prepared cinnamon essential oil and extract
nanoliposomes

Co-surfactant /

Mean particle

zeta-potential

Sample surfactant Z-average (nm) size (nm) PDI (mV)

A Glycerol 5232 104.6 1.000 15.8

B Triacetin 243.0 102.9 0.283 -15.8

C Propylene 243.7 92.03 0.338 24.1
glycol

F Tween 80 379.3 167.2 0.540 773

A, B and C: Cinnamon essential oil nanoliposomes
F: Cinnamon extract nanoliposome
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Fig 1 TEM image of the prepared cinnamon
essential oil nanoliposomes using propylene glycol
as co-surfactant
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Table 4 The MIC and MBC of the prepared cinnamon essential oil (based on co-surfactant of
propylene glycol) and extract nanoliposomes against E. coli and L. monocytogenes

. MIC (ppm) MBC (ppm)
Sample Formulation E. coli L. monocytogenes E. coli L. monocytogenes
Cinnamon essential C 0.00625 0.0125 0.0125 0.025
oil nanoliposomes D 0.00312 0.0125 0.00635 0.025
Cinnamon extract E 0.00312 0.0125 0.00625 0.025
nanoliposomes F 0.001 0.0125 0.01 0.025
cinamon 0.000195 0.00039 0.000195 0.00039
Controls essential oil
cinnamon extract 0.00039 0.00625 0.00039 0.00625
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Fig 2 Changes in total volatile base nitrogen of
different treatment during storage (E. coli
inoculated into ground beef)
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Fig 3 Changes in total volatile base nitrogen of
different treatment during storage (L.
monocytogenes inoculated into ground beef)
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Fig 4 Changes in TBA of different treatment
during storage (E. coli inoculated into ground beef)
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Fig 5 Changes in TBA of different treatment
during storage (L. monocytogenes inoculated into
ground beef)
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The cinnamon essential oil and extract nanoliposomes were prepared through
thin layer hydration-ultrasonication technique, using lecithin and three different
co-surfactants namely, glycerol, triacetin and propylene glycol, and Tween 80 as
surfactant. Results showed that the propylene glycol led to production of the
nanoliposomes with the smallest mean particle size (92.03 nm) with spherical-
shaped and the greatest net-zeta potential value (-24.1 mV) and was selected as
more suitable cosurfactant. Although antibacterial activity of cinnamon essential
oil and extract were greater than those were encapsulated into nanoliposomes,
both cinnamon essential oil and extract nanoliposomes exhibited high
antibacterial activities against Escherichia coli and Listeria monocytogenes
bacteria strains. Results indicated that based on the minimum inhibitory and
bactericidal concentrations of the prepared samples, L. monocytogenes had
higher resistance to the prepared cinnamon nanoliposomes. Then, six treatments
including control, extract, nano-extract, essential oil, nano-essential oil and
extract- essential oil were used for investigate the effect of cinnamon extract on
shelf life of ground beef. Chemical (pH, TBA and TVN) and microbial
parameters were detected periodically, as well as the effect of different
treatments on ground beef inoculated with Escherichia coli and Listeria
monocytogenes were examined. The results showed that the extract has an
antimicrobial and antioxidant properties and the nanoencapsulation process
enhances the attributes mentioned, so that bacterial spoilage and oxidation
process delayed in the ground meet contains nano-extract (p <0.05). The highest
value of pH (6.58), TBA (0.081MDA/kg) and TVB-N (72.5mg/100g) in the
control treatment on the 9th day was observed. While, the value of pH (6.09),
TBA (0.002MDA/kg) and TVB-N (11.5mg/100g) was detected on the 9th day in
the nanoencapsulated essence. According to the results obtained in present study
nano-liposomal cinnamon extract can be used for extending shelf-life ground
beef without causing undesirable effect in terms of oxidative stability and low
microbial spoilage.
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