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Table 1 List of treatments in the present study.

NO Treatment Description
1 Con Samples without any coating solution
2 CH Samples coated with Chitosan solution
3 CH+BPNEI Samples coated with Chitosan solution containing 2.5% BPEO
4 CH+BPNE2 Samples coated with Chitosan solution containing 5% BPEO
5 CH+MONE Samples coated with Chitosan solution containing 4% MOE
6 CH+BPNE1+MONE Samples coated with Chitosan solution containing 2.5% BPEO and 4% MOE
7 CH+BPNE2+MONE Samples coated with Chitosan solution containing 5% BPEO and 4% MOE
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Table 1 Composition of Buniumpersicumessential oil.

RT Conc«(a;:;‘atlon Constituents NO
8.24 0.28 B-Thujene 1
8.38 0.26 Cyclohexane, (1-methylethylidene)- 2
9.16 0.18 Camphene 3
10.07 0.49 B-Phellandrene 4
10.28 5.28 B-Pinene 5
10.73 0.52 B-Myrcene 6
11.46 1.32 a-Phellandrene 7
11.91 0.14 a-Terpinene 8
12.33 9.71 p-Cymene 9
12.49 6.29 D-Limonene 10
12.62 0.48 Eucalyptol 11
12.75 0.10 trans-B-Ocimene 12
13.84 19.99 v-Terpinene 13
14.98 0.50 Terpinolene 14
19.49 0.31 4-Terpineol 15
19.76 0.13 Dill ether 16
20.20 0.14 a-Terpineol 17
20.37 0.24 Estragole 18
22.62 24.37 Cuminaldehyde 19
24.07 0.18 Phellandral 20
24 56 375 Carbamodithioic acid, formyl-, methyl 21
ester
24.82 18.96 1,4-p-Menthadien-7-al 22
30.07 0.16 Caryophyllene 23
34.47 0.12 Myristicine 24
59.57 0.98 Heptasiloxane, hexadecamethyl- 25
99.88 Total
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Table 3 MIC and MBC of
Buniumpersicumnanoemulsions(BPN) and
MelissaofficinalisL. extract (MOE) against

Listeriamonocytogenes by microdilution broth

method.
MBC(%) MIC (%) Nanoemulsion
0.50 0.25 Buniumpersicum
2 1 MelissaofficinalisL.
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Table 4 Antibacterial activity of chitosan films
containing BPNEand MONE against
Listeriamonocytogenes by the agar well
diffiusion assay

Yo

Listeria monocytogenes Treatment
11.30+0.178 CH
13.460.18" CH+BPNEI
15.66+0.18° CH+BPNE2
14.30+0.15¢ CH+MONE
16.47+£0.14° CH+BPNE1+MONE
17.15£0.16° CH+BPNE+MONE
30.19+0.14* GM

Different letters indicate a statistically significant
difference (p <.05).
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Fig 1 Antioxidant activity of chitosan films
containing BPNE and MONE.
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Table 5 Average reduction rate of Listeriamonocytogenes count (log CFU/g) among treatments when
compared together during 16 days of storage.

Mean Difference I-J

Group I Group J
CH+BPNEI+  CH+BPNE2+
CH CH+BPNEl CH+BPNE2 CH+MONE MONE MONE
Con 1.06* 1.33* 1.69* 1.59% 1.91%* 2.12%
CH 0.26* 0.63* 0.52* 0.84* 1.05*
CH+BPNEI 0.36%* 0.26%* 0.58%* 0.79%*
CH+BPNE2 -0.10 0.21%* 0.42%*
CH+MONE 0.32%* 0.53*
CH+BPNE1+MONE 0.21%*
*[ndicates a statistically significant difference (p <0.05).
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Fig 2 Changes of Listeria monocytogenescount of
camel meat samples in different treatments during 16
days of storage at 4 °C.
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Table 6 Average reduction rate of TBARS among treatments when compared together during 16 days of

storage.
Mean Difference I-J
Group J
Group I CH+BPNEI+ CH+BPNE2+
CH CH+BPNEl CH+BPNE2 CH+MONE MONE MONE

Con 0.27* 0.36* 0.43* 0.34* 0.43* 0.47*

CH 0.09 0.15* 0.06 0.15* 0.20*
CH+BPNEI 0.06 -0.02 0.06 0.10
CH+BPNE2 -0.09 0.001 0.45
CH+MONE 0.09 0.13

CH+BPNE1+MONE 0.04

*Indicates a statistically significant difference (p <0.05).
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Fig 3 Changes of TBARS camel meat samples in
different treatments during 16 days of storage at 4 °C.
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Table7Average reduction rate of pH among treatments when compared together during 16 days of

storage.
Mean Difference I-J
Group J
Group I CH+BPNEI+  CH+BPNE2+
CH CH+BPNEl CH+BPNE2 CH+MONE MONE MONE

Con 0.14* 0.23* 0.33* 0.32%* 0.41%* 0.48%*
CH 0.08* 0.18* 0.18* 0.26* 0.34*
CH+BPNEI1 0.10* 0.09* 0.17* 0.25%*
CH+BPNE2 0.006 0.07 0.15*
CH+MONE 0.08 0.15
CH+BPNE1+MONE 0.07

*Indicates a statistically significant difference (p <0.05).
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ABSTRACT

ARTICLE INFO

The aim of this study was to investigate the antimicrobial and antioxidant
effects of chitosan edible film containing nanoemulsion of Melissa officinalis
L. extract and Buniumpersicum essential oil on Listeriamonocytogenes
inoculated into camel meat. The studied films were prepared using 2%
chitosan and 2.5% and 5% of nanoemulsion of Buniumpersicum essential oil
and 4% of Melissa officinalis L.extract. The antimicrobial and antioxidant
effects of coated camel meat during 16 days of storage at 4 °C with a 4-day
interval (0, 4, 8, 12, 16) were evaluated. The coated portions were chemically
evaluated. Most of the essential oil compounds include: cuminaldehyde
(24.37%), y-Terpinene(19.99%), and P-cymene (9.71%). The MIC of Melissa
officinalis L. extract and Buniumpersicum essential oil against L.
monocytogenes were 1% and 0.25%, respectively. The antioxidant effects of
films by DPPH method showed that the addition of essential oils and extracts
increases the antioxidant properties of films. The antimicrobial effect of films
by disk diffusion method, the largest diameter of growth inhibition zone
(17.15 £ 0.16) was related to chitosan film containing 5% Buniumpersicum
essential oil and 4% Melissa officinalis L. extract. The average count of
L.monocytogenes in the control treatment was higher than the other
treatments. The results of TBARS showed that the antioxidant properties of
films containing Buniumpersicum essential oil and Melissa officinalis L.
extract was higher than the control sample. The pH level in the samples
coated with chitosan film containing 5% Buniumpersicum essential oil and
4% Melissa officinalis L. extract was lower than the other treatments. In
general, the prepared films have good antimicrobial and antioxidant properties
against L. monocytogenes, which increase with the addition of plant
compounds.
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