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9. Essential oil
10 .Trolox
11 .Ethylenediaminetetraacetic acid
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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

9. HP-5890 (Hewlett-Packard, CA,USA)
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2. Minimum bactericidal concentration
3. Escherichia coli

4. Aureus Staphylococcus

5. Listeria monocytogenes

6 . Pseudomonas aeruginosa
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1. Carvacrol
2. Thymol
3. P-cymene
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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 487
Limonene 0.35
y-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
B-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 (%)*

Myristic acid (C14:0) 5.215+0.049"

Palmitic acid (C16:0) 17.41+0.014°

Palmitoleic acid (C16:1) 15.01+0.071¢

Stearic acid (C18:0) 4.225+0.035%

Oleic acid (C18:1) 31.5+0.064°
Linoleic acid (C18:2) 16.32+0.01°
a-Linolenic acid (C18:3) 2.1+0.092"
Arachidic acid (C20:0) 1.36+0.057'
Arachidonic acid (C20:4) 0.2140.028!
Eicosapentaenoic acid (C20:5) 6.45+0.049°
Docosahexaenoic acid (C22:6) 5.80+0.028"
Others 2.234+0.0648

Saturated fatty acids (SFA) 29.71+0.120
Monounsaturated fatty acids (MUFA)  46.5+0.007
Polyunsaturated fatty acids (PUFA) 23.06 +£0.64

PUFA /SFA 0.77+0.08

Unsaturated fatty acids (USFA) 69.56+0.54
(EPA+DHA)/C16:0 12.25+0.47

" Means+ SD
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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  —o 25°C 4°C 25°C
Control 1636+027* 35.6+0.3° 13.1£0.04*° 33.2+0.03°
300ppm EO 954 +0.14° 2931+0.61° 10.94+0.09° 26.6+0.24°
600 ppm EO  5.61+£025° 2324+0.08°  627+0.5°  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 5 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

Treatments TBA value
4°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  2.120.04"  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.

PSS Sy ol Gl Y U i) il bl

=35 Y0 5 & les 3) ;.j 0> b ey Oged gel s



\Y"'WJ.:SL\O 6,92 'A% oJLo..\ir

u_i‘.l_&« GL«ﬁjr}l}

Clinical Nutrition & Metabolic Care, 17(2),
116-123.

[4] Chen, W.J. and Yeh, S.L. 2003. Effects of
fish oil in parenteral nutrition. Nutrition, 19(3),
275-279.

[5] Asnaashari, M., Farhoosh, R. and Sharif, A.
2014. Antioxidant activity of gallic acid and
methyl gallate in triacylglycerols of Kilka fish
oil and its oil-in-water emulsion. Food
chemistry, 159, 439-444.

[6] Sun, Y.E., Wang, W.D., Chen, HW. and Lj,
C. 2011. Autoxidation of unsaturated lipids in
food emulsion. Critical reviews in food science
and nutrition, 51(5), 453-466.

[7] Farahmandfar, R., Asnaashari, M. and
Sayyad, R. 2015. Comparison antioxidant
activity of Tarom Mabhali rice bran extracted
from different extraction methods and its effect
on canola oil stabilization. Journal of food
science and technology, 52(10), 6385-6394.

[8] Kokkini, S., Karousou, R., Hanlidou, E. and
Lanaras, T. 2004. Essential oil composition of
Greek (Origanum vulgare ssp. hirtum) and
Turkish (O. onites) oregano: a tool for their
distinction. Journal of Essential Oil Research,
16(4), 334-338.

[9] Cervato, G., Carabelli, M., Gervasio, S.,
Cittera, A., Cazzola, R. and Cestaro, B. 2000.
Antioxbdant properties of oregano (Origanum
vulgare) leaf extracts. Journal of Food
Biochemistry, 24(6), 453-465.

[10] Lambert, R.J.W., Skandamis, P.N., Coote,
P.J. and Nychas, G.J. 2001. A study of the
minimum inhibitory concentration and mode
of action of oregano essential oil, thymol and
carvacrol. Journal of applied microbiology,
91(3), 453-462.

[11] Viuda-Martos, M., Ruiz-Navajas, Y.,
Fernandez-Lopez, J. and Pérez-Alvarez, J.
2008. Antifungal activity of lemon (Citrus
lemon L.), mandarin (Citrus reticulata L.),
grapefruit (Citrus paradisi L.) and orange
(Citrus sinensis L.) essential oils. Food control,
19(12), 1130-1138.

[12] Burt, S. 2004. Essential oils: their
antibacterial ~ properties and  potential
applications in foods—a review. International
journal of food microbiology, 94(3), 223-253.

[13] Jimenez-Alvarez, D., Giuffrida, F., Golay,
P.A., Cotting, C., Lardeau, A. and Keely, B.J.
2008. Antioxidant activity of oregano, parsley,

YAQ

S domi =t

ohs 4 ¥ K G glakl Bl s ate (Al o)
Jole bl i o S 1SS 5s 5 S5 ladad
ool Gls a5 a5 Lolal o 33 0L Liass ol
Shls a8 4y pelul cl oy Kol 5 alsSlus

05 5 e 2 5 S SL » e s S s Seds S
sl mbe S Olge 4 Wlg e s cl e

S S el R S b s S Al s Seeds
Qg gl ST ST Ll (55 40 (ored e dluSs Olye
gl Sl 5 008 S Of 5s Sz b )
il LAl s DS sl 1 s OF s
w8 Sl A Ss uSeds s phleSIs S e

55,8 e sl 13 sl 3 Jagshl LS

L;;':Ju\-; K] JQ'J—O

e oSuls Gl b oY ap e ) OB N
U I L e g A S I S N TS PY -
= b okt b s Gl 2k B s e
Ll Jes 4 Sla, 5 S5 Y140

Lo —

& !
[1] Gura, K.M., Lee, S., Valim, C., Zhou, J.,
Kim, S., Modi, B.P.,, Arsenault, D.A,

Strijbosch, R.A., Lopes, S., Duggan, C. and
Puder, M. 2008. Safety and efficacy of a fish-
oil-based fat emulsion in the treatment of
parenteral nutrition—associated liver disease.
Pediatrics, 121(3), 678-686.

[2] Colussi, G., Catena, C., Novello, M., Bertin,
N. and Sechi, L.A. 2017. Impact of omega-3
polyunsaturated fatty acids on vascular
function and blood pressure: relevance for
cardiovascular outcomes. Nutrition,
Metabolism and Cardiovascular Diseases,
27(3), 191-200.

[3] Glenn, J.O.H. and Wischmeyer, P.E. 2014.
Enteral fish oil in critical illness: perspectives
and systematic review. Current Opinion in



Ql)m}m;u)

of sunflower oil and reduction of acrylamide
formation of potato with rosemary extract
during deep-fat frying. LWT-Food Science and
Technology, 57(2), 671-678.

[23] Gavaric, N., Mozina, S.S., Kladar, N. and
Bozin, B. 2015. Chemical Profile, Antioxidant
and Antibacterial Activity of Thyme and
Oregano Essential Oils, Thymol and Carvacrol
and Their Possible Synergism. Journal of
Essential Oil Bearing Plants, 18(4), 1013-
1021.

[24] Ramos, M., Beltran, A., Peltzer, M.,
Valente, A.J. and del Carmen Garrigds, M.
2014. Release and antioxidant activity of
carvacrol and thymol from polypropylene
active packaging films. LWT-Food Science
and Technology, 58(2), 470-477.

[25] Rodriguez[lGarcia, 1., Cruz[lValenzuela,
MR, SilvalJEspinoza, B.A.,
Gonzalez[1Aguilar, G.A., Moctezuma, E.,
GutierrezJPacheco, M.M., TapialRodriguez,
M.R., OrtegallRamirez, L.A. and
Ayalal1Zavala, J.F. 2016. Oregano (Lippia
graveolens) essential oil added within pectin
edible coatings prevents fungal decay and
increases the antioxidant capacity of treated
tomatoes. Journal of the Science of Food and
Agriculture. 96(11), 3772-3778.

[26] Meshkibaf, M.H., Abdollahi, A, Fasihi
Ramandi, M., Adnani Sadati, S.J, Moravvej,
A, Hatami, S. 2010. Antibacterial effects of
hydro-alcoholic extracts of Ziziphora tenuior,
Teucrium polium, Barberis corcorde and
Stachys inflate. Koomesh Journal, 11 (4), 240-
244,

[27] Paparella, A., Mazzarrino, G., Chaves-
Lopez, C., Rossi, C., Sacchetti, G., Guerrieri,
O. and Serio, A. 2016. Chitosan boosts the
antimicrobial activity of Origanum vulgare
essential oil in modified atmosphere packaged
pork. Food Microbiology, 59, 23-31.

[28] Cherrat, L., Espina, L., Bakkali, M.,
Garcia-Gonzalo, D., Pagan, R. and Laglaoui,

A. 2014. Chemical composition and
antioxidant properties of Laurus nobilis L. and
Myrtus communis L. essential oils from
Morocco and evaluation of their antimicrobial
activity acting alone or in combined processes
for food preservation. Journal of the Science of
Food and Agriculture, 94(6), 1197-1204.

Ya.

and olive mill wastewaters in bulk oils and oil-
in-water emulsions enriched in fish oil. Journal
of agricultural and food chemistry, 56(16),
7151-7159.

[14] Medina, 1., Lois, S., Alcantara, D., Lucas,
R. and Morales, J.C. 2009. Effect of
lipophilization of hydroxytyrosol on its
antioxidant activity in fish oils and fish oil-in-
water emulsions. Journal of agricultural and
food chemistry, 57(20), pp.9773-9779.

[15] Wang, H., Liu, F., Yang, L., Zu, Y., Wang,
H., Qu, S. and Zhang, Y. 2011. Oxidative
stability of fish oil supplemented with carnosic
acid compared with synthetic antioxidants
during long-term storage. Food Chemistry,
128(1), 93-99.

[16] Bagheri, H., Manap, M.Y.B.A. and Solati,
Z. 2014. Antioxidant activity of Piper nigrum
L. essential oil extracted by supercritical CO 2
extraction and hydro-distillation. Talanta, 121,
220-228.

[17] Sparkman, O.D. 2005. Identification of
essential oil components by gas
chromatography/quadrupole mass
spectroscopy Robert P. Adams. Journal of the
American Society for Mass Spectrometry,
16(11), 1902-1903.

[18] Bektas, E., Serdar, G., Sokmen, M. and
Sokmen, A. 2016. Biological Activities of
Extracts and Essential Oil of Thymus
transcaucasicus Ronniger. Journal of Essential
Oil Bearing Plants, 19(2), 444-453.

[19] Jordan, M.J., Lax, V., Rota, M.C., Loran, S.
and Sotomayor, J.A. 2013. Effect of the
phenological stage on the chemical
composition, and antimicrobial and antioxidant
properties of Rosmarinus officinalis L essential
oil and its polyphenolic extract. Industrial
Crops and Products, 48, 144-152.

[20] Bubonja-Sonje, M., Giacometti, J. and
Abram, M. 2011. Antioxidant and antilisterial
activity of olive oil, cocoa and rosemary
extract polyphenols. Food Chemistry, 127(4),
1821-1827.

[21] Sathivel, S. and Prinyawiwatkul, W. 2004.
Adsorption of FFA in crude catfish oil onto
chitosan, activated carbon, and activated earth:
A kinetics study. Journal of the American Oil
Chemists' Society, 81(5), 493-496.

[22] Urbanéic, S., Kolar, M.H., Dimitrijevi¢, D.,
Demsar, L. and Vidrih, R. 2014. Stabilisation



\Y"'WJ.:SL\O 6,92 'A% oJLo..\ir

u_i‘.l_&« GL«ﬁjr}l}

[36] Clandinin, M.T., Van Aerde, J.E., Merkel,
K.L., Harris, C.L., Springer, M.A., Hansen,
J.W. and Diersen-Schade, D.A. 2005. Growth
and development of preterm infants fed infant
formulas containing docosahexaenoic acid and
arachidonic acid. The Journal of pediatrics,
146(4), 461-468.

[37] Bartolomé, B., Estrella, I. and Hernandez,
M.T. 2000. Interaction of low molecular
weight phenolics with proteins (BSA). Journal
of Food Science, 65(4), 617-621.

[38] Donnelly, J.L., Decker, E.A. and
McClements, D.J. 1998. Iron[]Catalyzed
Oxidation of Menhaden Oil as Affected by
Emulsifiers. Journal of food science, 63(6),
997-1000.

[39] Faraji, H., McClements, D.J. and Decker,
E.A. 2004. Role of continuous phase protein
on the oxidative stability of fish oil-in-water
emulsions. Journal of Agricultural and Food
Chemistry, 52(14), 4558-4564.

[40] Farahmandfar, R. 2012. Comprehensive
chemistry and technology of edible oils. Sahra
press, Iran.

[41] Qiu, C., Zhao, M., Decker, E.A. and
McClements, D.J. 2015. Influence of protein
type on oxidation and digestibility of fish oil-
in-water emulsions: Gliadin, caseinate, and
whey protein. Food chemistry, 175, 249-257.

[42] Thanonkaew, A., Wongyai, S., Decker,
E.A. and McClements, D.J. 2015. Formation,
antioxidant property and oxidative stability of
cold pressed rice bran oil emulsion. Journal of
food science and technology, 52(10), 6520-
6528.

[43] Zhu, X., Ye, A., Teo, H.J., Lim, S.J. and
Singh, H. 2014. Oxidative stability of fish oil
in water emulsions under high pressure
treatment. International Journal of Food
Science & Technology, 49(6), 1441-1448.

¥4

[29] Khan, R., Islam, B., Akram, M., Shakil, S.,
Ahmad, A.A., Ali, S.M., Siddiqui, M. and
Khan, A.U. 2009. Antimicrobial activity of
five herbal extracts against multi drug resistant
(MDR) strains of bacteria and fungus of
clinical origin. Molecules, 14(2), 586-597.

[30] Xu, Y., Burton, S., Kim, C. and Sismour, E.
2016. Phenolic compounds, antioxidant, and
antibacterial properties of pomace extracts
from four Virginiallgrown grape varieties.
Food science & nutrition, 4(1), 125-133.

[31] Farahmandfar, R., Shokooh Saremi, E.,
Shahiri Tabarestani, H., Azizkhani, M. 2014.
Fundamental comprehensive microbiology of
food technology, Sahra press, Iran.

[32] Almadiy, A.A., Nenaah, G.E., Al Assiuty,
B.A., Moussa, E.A. and Mira, N.M. 2016.
Chemical composition and antibacterial
activity of essential oils and major fractions of
four Achillea species and their nanoemulsions
against foodborne bacteria. LWT-Food
Science and Technology, 69, 529-537.

[33] Diao, W.R., Hu, Q.P., Zhang, H. and Xu,
J.G. 2014. Chemical composition, antibacterial
activity and mechanism of action of essential
oil from seeds of fennel (Foeniculum vulgare
Mill.). Food Control, 35(1), 109-116.

[34] Zhang, Y., Liu, X., Wang, Y., Jiang, P. and
Quek, S. 2016. Antibacterial activity and
mechanism of cinnamon essential oil against
Escherichia coli and Staphylococcus aureus.
Food Control, 59, 282-289.

[35] Frankel, E.N., Satué-Gracia, T., Meyer,
A.S. and German, J.B. 2002. Oxidative
stability of fish and algae oils containing long-
chain polyunsaturated fatty acids in bulk and in
oil-in-water emulsions. Journal of Agricultural
and Food Chemistry, 50(7), 2094-2099.



JFST No. 77, Vol. 15, July 2018 ABSTRACT
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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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