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9. Essential oil
10 .Trolox
11 .Ethylenediaminetetraacetic acid
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1. 2,2- Diphenyl-1-picrylhydrazyl

2. Ferric reducing antioxidant power

3. Trolox Equivalent Antioxidant Capacity
4. Thiobarbituric acid
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7. ELISA Microplate Reader

8. Fatty acids methyl esters
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1. Minimum inhibitory concentration
2. Minimum bactericidal concentration
3. Escherichia coli

4. Aureus Staphylococcus

5. Listeria monocytogenes

6 . Pseudomonas aeruginosa
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Table 1 Origanum vulgare L. essential oil
components identified by GC-MS

Constituent Concentration (%)
a-Thujene 0.14
a-Pinene 0.38
Camphene 0.08
1-Octen-3-ol 0.28
B-myrcene 071
a-Phellandrene 0.15
a-Terpinene 0.63
P-cymene 4.87
Limonene 0.35
v-Terpinene 0.78
Terpinolene 0.13
Borneol 0.38
Terpinen-4-ol 048
Methyl-thymol-ether 0.17
Thymol 5.03
Carvacrol 81.78
Caryophyllene 0.64
a-humulene 0.15
[-Bisabolene 043
Caryophyllene oxide 0.51
Total (%) 98.07
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Fig 1 Antioxidant activity of Origanum vulgare L.essential oil by DPPH radical scavenging assay
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Table 2 Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
Origanum vulgare L .essential oil

Bacteria Type of gram  MIC (mg/ml) MBC (mg/ml)
Staphylococcus aureus Gram Positive 3.75 7.5
Listeria monocytogenes ~ Gram Positive 3.75 15

Escherichia coli Gram Negative 15 30
Pseudomonas aeruginosa  Gram Negative 30 60
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1. Monounsaturated fatty acids
2. Saturated fatty acids
3. Polyunsaturated fatty acids
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Table 3 Fatty acid profile of silver carp fish oil

Fatty acids Percent (%)*
s YO 5t il sles 53 53 Sy e slaeals K Myristic acid (C14:0) 5.215+0.049"
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Fig 2 Hydroperoxide formation changes of fish oil in water emulsion containing different concentration of
Origanum vulgare L.essential oil during storage time at 4°C (A) and 25°C (B)
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Table 4 The conjugated diene and triene changes to the initial contents which were calculated from the
linear relationship between the conjugated diene and triene of fish oil in water emulsion containing
different concentrations of Origanum vulgare L. essential oil during the storage time at 4°C and 25°C

Conjugated diene

Conjugated triene

Treatments o0 25°C 4°C 25°C

Control 1636+ 027° 356+0.3° 13.1+£0.04° 33.2+0.03°

300ppm EO  9.54+0.14° 2931+0.61° 10.94+0.09° 26.6+0.24°

600 ppmEO 561 +£0.25° 2324+0.08°  627+05°  19.98+0.07°
1200 ppm EO  4.41£0.05° 212 +0.03¢ 437+0.08% 17.9+0.05

2400 ppm EO  3.31+0.03" 1841+0.2" 336+£0.07"  17.7+0.04°

TBHQ 48+007°  2030+0.06° 397+0.05° 17.95+0.37%

EO= Essential oil
Means + SD (standard deviation) within a column with the same lowercase letters are not significantly different at

p <0.05.
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Table S The TBA changes to the initial TBA
which were calculated from the linear
relationship between the TBA of fish oil in
water emulsion containing different
concentrations of Origanum vulgare L.essential
oil during the storage time at 4 and 25°C

TBA value
Treatments 2°C 25°C
Control 11.6£0.25% 29.37+0.4°
300 ppm EO  7.52+0.1°  23.13+0.31°
600 ppm EO  4.81+0.5°  19.4+0.28°
1200 ppm EO  3.13+0.02° 12.2+0.01°

2400 ppm EO  2.1+0.04"  8.18+0.15"
TBHQ 3.81+0.04% 11.57+0.07°

Means + SD (standard deviation) within a column
with the same lowercase letters are not significantly
different at p < 0.05.
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Fish oil is a rich source of omega-3 fatty acids, which is recommended for prolonged use due to beneficial
nutritional effects and the prevention of heart disease and disorders. However, high unsaturation of this
oil makes it susceptible to oxidation. In the present study, antioxidant activity of Origanum vulgare L.
essential oil was evaluated by DPPH assay and its antimicrobial activity was determined by measuring the
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of Escherichia
coli, Staphylococcus aureus, Listeria monocytogenes and Pseudomonas aeruginosa. Then, Origanum
vulgare L. essential oil as natural antioxidant and alternative of synthesis ones, for stabilizing silver carp
fish oil in water emulsion was used. So, after determining the fatty acid profile of the oil, different
concentrations of the essential oil added to emulsion and stored at 4°C and 25°C and monitored in term of
hydroperoxides, conjugated diene, conjugated triene and thiobarbituric acid. The results showed that 2400
ppm of Origanum vulgare L. had the most DPPH inhibitory power with 53.33% and MIC and MBC
values of Origanum vulgare L. essential oil in gram-negative bacteria were more than gram-positive
bacteria. Moreover, various concentrations of the essential oil prevented lipid oxidation of fish oil in
water emulsions. So that, at 2400 ppm, had even better performance than synthetic antioxidant, TBHQ.
Therefore, the natural Origanum vulgare L. essential oil due to its antioxidant and antimicrobial
properties can be used as an alternative to synthetic types in various food systems.

Keywords: Fish oil emulsion, Oxidative stability, Oregano, Antioxidant activity, Antimicrobial activity
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