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Table 1. Chemical composition of the essential oil from Ferulago angulata identified by GC-MS

Oer 5 (5 ol (5,8 B S

Retention | Retention Retention
No Component % time index index
(minutes) (RI) (AdamsRlI)
1 a-Thujene 0.24 4.28 935 924
2 a-Pinene 26.27 4.48 946 932
3 Camphene 2.7 2.7 961 946
4 Verbenene 0.58 0.58 965 961
5 Sabinene 0.77 0.77 983 969
6 B-Pinene 1.4 1.4 989 974
7 Myrcene 4.7 4.7 1002 988
8 Phellandrene 0.5 0.5 1014 1002
9 3-2-Carene 0.3 0.3 1019 1008
10 a-Terpinene 0.07 0.07 1025 1014
11 Cymene 4.06 4.06 1040 1022
12 Limonene 2.74 2.74 1044 1027
13 B-Phellanderen 0.16 0.16 1050 1029
14 (2)-B-Ocimene 20.6 20.6 1055 1032
15 (E)-B-Ocimene 2.13 2.13 1056 1044
16 y-Terpinene 4.61 4.61 1075 1054
17 a -Terpinolene 2.28 2.28 1101 1086
18 Linalool 0.4 0.4 1110 1095
19 allo-Ocimene 1.99 1.99 1139 1128
20 cis-Verbenol 0.5 0.5 1151 1130
21 trans-Verbeno 2.36 2.36 1159 1140
22 a-Terpineol 0.3 0.3 1203 1186
23 trans-Carveol 0.4 0.4 1231 1215
24 Nerol 0.1 0.1 1239 1227
25 Bornyl acetate 7.07 7.07 1301 1284
26 Thymol 2.3 2.3 1307 1289
27 Carvacrol 0.8 0.8 1314 1298
28 a-Cubebene 0.2 0.2 1358 1345
29 Eugenol 0.1 0.1 1366 1356
30 a-Copaene 0.2 0.2 1385 1374
31 B-Bourbonene 0.1 0.1 1395 1384
32 B-Cubebene 0.2 0.2 1398 1387
33 Methyl eugenol 0.5 0.5 1314 1403
34 Germacrene D 5.6 5.6 1508 1500
35 d-Cadinene 0.2 0.2 1525 1513
36 Spathulenol 0.4 0.4 1595 1577
37 Neryl isovalerat 0.1 0.1 1597 1585
Monoterpenes hydrocarbons 71.83%
Oxygenated monoterpenes 18.5%
Sesquiterpenes hydrocarbons 6.9%
Oxygenated sesquiterpenes 0.7%
Total 97.93%
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Figure 1. Nano-emulsion particle size and zeta potential
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Table 2: MIC and MBC (mg/ml) of essential oil and Nano-emulsion of
Ferulago angulata against some bacteria
) ] E.O Nano-emulsion
Microorganism MBC MIC MBC MIC
S. aureus 45+50% | 454502 | 40+5.0% | 40+0.0?
L. monocytogenes | 45+5.0% | 35+0.0% | 40+5.0% | 30%0.02
E. coli O157:H7 | 50+0.0% | 40+0.0% | 5040.0° | 40+0.0°
S. Typhimurium | 50+0.0% | 40+0.0® | 50+0.0® | 40+0.0°
@ Mean in the same row with no common superscripts differ significantly (P<0.05)
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Table 3. Antimicrobial effects of essential oil and nano-emulsion of Ferulago angulata and some antibiotics
using disk diffusion method

Diameter of inhibition zone (mm
Microorganism | Amphotericin Oxytetracycline | Trimethoprim | Gentamycin | Ampicillin | E.O Nano-
B emulsion
7+ 6.33% 5+ 7.33%
S. aureus - - -
0.57° 0.33° 0.57¢ 0.57%
L. 12.33+ 9.66+ 12.66+ 10+ ) ) )
monocytogenes 0.88? 0.33° 0.33¢ 0.33¢
E. coli 6+ 5.33+ ) ) 11.66+ | 7.33% )
O157:H7 0.57° 0.33° 0.33° 0.33¢
_S. _ 6.33+ 5.33+ ) ) 12+ 7.66+ )
typhimurium 0.332 0.33° 0.57°¢ 0.33¢
: 5% 3% 4+
A. niger - - - -
'd 0.57° 0.57° 0.33"
: 6+ 3.33% 4.33+
C. albicans - - - -
0572 0.33"° 0.33%

abcd Mean in the same row with no common superscripts differ significantly (P<0.05)
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Figure 2. Antioxidant capacity of essential oil and Nano-emulsion of Ferulago angulata
using DPPH and ABTS* methods
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Abstract

Natural preservatives are widely used in the food industry, today. In this study, the essential
oil of Chavir plant (Ferulago angulate) was formulated as a water-dispersible nano-emulsion
(diameter = 42 nm) using high pressure ultrasonic method. Analysis of essential oil composition
showed that monoterpene hydrocarbons and oxygen monoterpenes comprised the main
compounds of essential oil. The antimicrobial activity of essential oil and Nano-emulsion oil
was evaluated with determination of the minimum inhibitory concentration (MIC) and the
minimum biocidal concentration (MBC) as well as the disc diffusion agar methods on four
pathogenic bacterial strains and two important fungi that cause foodborne illness. In addition,
antioxidant activity was measured using DPPH free radical scavenging method and ABTS”
radical cation. The results showed that the antimicrobial activity of the essential oil increases
when it is converted to Nano-emulsion due to easier access of Nano-emulsion to the bacterial
cell membrane. In general, gram-positive bacteria displayed more susceptibility to the Nano-
emulsion than gram-negative bacteria. Listeria monocytogenes was the most susceptible
bacteria to the antibacterial activity of essential oils and Nano-emulsion. In addition, essential
oils and Nano-emulsion had significant effects on inhibiting the growth of Aspergillus niger
and Candida albicans. Although the antioxidant activities of essential oils and Nano-emulsion
were significantly lower than the standard group (BHT), the antioxidant activity of Nano-
emulsion was higher than in free essential oils using both methods. The results of this study
showed that by converting essential oil to the Nano-emulsion of Chavir essential oil, its
antimicrobial and antioxidant properties can be increased.
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