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Fig 1 (a) Eugenia caryophyllata Tree. (b) Eugenia caryophyllata Bud
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Table 1 Efficiency of Eugenia caryophyllata essential oil extraction via different methods.

Extract method Dry plant (g) Essential oil content (ml) Essential oil yield (%)

Hydro distillation 80 8.7° 10.87

Steam distillation 80 7.92° 9.90
Hydro-steam distillation 80 6.64° 8.30
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Table 2 Components of Eugenia caryophyllata. via various distillation methods

No. Component RI* RI" HD SD HSD
1 Acetic acid 622 625 0’ 27.38° 0

2 Decan 1003 1004 (I 1.18° 0°
3 Carvacrol 1300 1301 (I 0.42° o°
4 o-Cubebin 1351 1349 1.06* 0° 0°
5 Eugenol 1357 1356 24.21° 16.14" 10.1¢
6 m-Eugenol 1373 1375 1.057" 0¢ 76.45
7 trans-Caryophyllene 1407 1409 1.62° 0.2° 0°

8 Cis-caryophyllene 1418 1418 0° 1.06° 0°
9 Caryophyllene 1420 1421 31.96" 0¢ 251"
10 trans-Isoeugenol 1449 1448 1.62° 0.26° 0°
11 Isoeugenol 1451 1452 1.85° 0.22° 0°
12 o-Humulene 1462 1464 2.81° 0° 0°
13 Eugenol acetate 1523 1524 28.25 28.2° 10.78"
14 Caryophyllene oxide 1580 1483 423" 3.46° 0°
15 Hexadecenoic acid 1968 1970 0" 17.51° 0"
16 Eicosane 2000 2003 0° 0.22° 0°
17 Benzotriazole 2629 2632 1.06° 0° 0°
18 Total - - 99.73* 97.09" 99.84*
19 Not indentified - - 027 291 0.16

*The bold items are the dominant compounds found in each method.
RT, sample Retention indices
RI®, literature retention index reported in the literature on HP-5MS column taken from NISTand of the computer
mass libraries Adams
HD: Hydro distillation method, SD: Steam distillation method, HSD: Hydro-Steam distillation method
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Fig 2 Spectrum and molecular structure (Courtesy of NIST Chemistry WebBook) of essential oil components: (a)
Acetic acid, (b) Eugenol, (c) Eugenol acetate L, (d) m-Eugenol, (e) Caryophyllene, (f) Hexadecannoic acid
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Table 3 Antibiogram test results (mm) of Fugenia caryophyllata essential oil extracted by different
methods

Concentration of the essential oils (uL/mL) obtained by different methods
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Bacterium Hydro Distillation Steam Distillation Hydro-Steam Distillation
5 10 20 40 80 5 10 20 40 80 5 10 20 40 80
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& : 0.4 £0.4 0.4 0.4 0.4 0.4 0.8 09 0.4 0.4 0.9 0.4
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S Table 4 Antibiogram test results (mm) of different antibiotics
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Table 5. The MIC and MBC results (mL/mL) of essential oils of Eugenia caryophyllata obtained by
different extraction methods

Bacterium HD SD HSD
MIC MBC MIC MBC MIC MBC
L ) Staphylococcus aureus 0.25 0.5 0.25 0.5 0.125 0.25
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A Streptococcus mutans 0.5 1 1 2 1 2
L 0 Pseudomonas aeruginosa - - - - 2 -
g5 E. coli 05 1 1 2 05 1
© z Salmonella typhi - 2 - - 2 -

LMIC ¢ (Y410) 0l,5K0n 5y sims 555 ¥4 T a3l
LY YATG o5 503 5,58 A mL/mL |, MBC ;¢ mL/mL
<Ll MBC 5 MIC 5 25l b aallias 555 o350ms S
Eo pobe b i 5 Ol sl gy 55 850 Jol gla
S 3y /00
a8l ol o e b 5 ST U e 51 ol bl 51 5ol
LBE g, 551, MBC, MIC S5 anllas 4 o oS

mL/mL g_,.:]JJ 9 oDy V-A A.JL.:.A COli

Ao 5 ombllenS S YY mLimL g5 e Sl L
U ks iy, 5l Jol= Luilul MBC 5 MIC ["] el
YoY mLmL 55 w0 pssse iS5 Wsedle b 5 O
(TN ) OLan 5 53 25 K05 sy 52 5l e oS
7. oL Li\,;,sfﬁ)y@a;yuﬂuﬂ&@quIC
S s [PYIWl a3 ses a1 /Yo |, of MBC /ey
i NWsalle 3 1) S Gl MIC 05 Koo e
O 5 OseslS Ll 035 5,15 YNY

MBC , MIC

mg/mL ¢ ;50

(Y10) OKan 5 s (Y2Y4)

01

5V opLmL e 5 Ol L ks 5l ol Ll MIC
95 A 4 Sl &S 34 0/0 mL/mL Suis ol Sl
wlin adlas S js il 1) e 5 5 omb Sl b A,
300 OIS Y mUmL s oa L ol b ki b,

Y 1wl
5V mbmL o 5 ol L ks 5l ol Ll MIC
S 3g mdesdol SSokul /0 mL/mL of MBC
S S s a3 Sl edd ag Sl Bas a3 e 4 S
Syl 5 ol b bs 5l Job Lol MIC sy
&S 55 +/0 mL/mL 0IMBC ) mL/mL L L1, s
oo 93 a5l ol sl bl w4 s OF L SL as
chle s b s Ol beds Jhai Lulel S 3 2 ki
5ol oSl wlsesssw ol I ks Y mL/mL
sdalice Lo andlas 340 63 gd>we C,J.QL.G)J MBC L;.,L.WSJJ\

Ol suss sl bsesssw o omb gls chle 55 (o)l


http://dx.doi.org/10.52547/fsct.18.119.47
https://dorl.net/dor/20.1001.1.20088787.1400.18.119.13.3
https://fsct.modares.ac.ir/article-7-52089-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-27 |

[ DOR: 20.1001.1.20088787.1400.18.119.13.3 ]

[ DOI: 10.52547/fsct.18.119.47 |

\2"6}4\/\ 092 c\\ﬂ UL@:

[71 S. Lee, M. Najiah, W. Wendy, and M.
Nadirah,  "Chemical = composition and
antimicrobial activity of the essential oil of
Syzygium aromaticum flower bud (Clove)
against fish systemic bacteria isolated from
aquaculture sites," Frontiers of Agriculture in
China, vol. 3, no. 3, pp. 332-336, 2009.

[8] K. A. K. Mohammed, H. M. Abdulkadhim,
and S. I. Noori, "Chemical composition and
anti-bacterial effects of clove (Syzygium
aromaticum) flowers," Int. J. Curr. Microbiol.
App. Sci, vol. 5, no. 2, pp. 483-489, 2016.

[9] R. Khalil and Z.-G. Li, "Antimicrobial
activity of essential oil of Salvia officinalis L.
collected in Syria," African Journal of
Biotechnology, vol. 10, no. 42, pp. 8 , 2011,
8402-397.

[10] M. Mahboubi and F. G. Bidgoli,
"Antistaphylococcal  activity of Zataria
multiflora essential oil and its synergy with
vancomycin," Phytomedicine, vol. 17, no. 7,
pp- 548-550, 2010.

[11] B. Berka-Zougali, M.-A. Ferhat, A.
Hassani, F. Chemat, and K. S. Allaf
"Comparative study of essential oils extracted
from Algerian Myrtus communis L. leaves
using microwaves and hydrodistillation,"
International journal of molecular sciences,
vol. 13, no. 4, pp. 4673-4695, 2012.

[12] S. Chemat, R. Cherfouh, B. Y. Meklati, and
K. Belanteur, "Composition and microbial
activity of thyme (Thymus algeriensis
genuinus) essential oil," Journal of Essential
Oil Research, vol. 24, no. 1, pp. 5-11, 2012.

[13] A. Ghasemi Pirbalouti, H. Nourafcan, and
E. Solyamani-Babadi, "Variation in chemical
composition and antibacterial activity of
essential oils from Bakhtiari Savory (Satureja
bachtiarica Bunge.)," Journal of Essential Oil
Bearing Plants, vol. 20, no. 2, pp. 474-484,
2017.

[14] K. Goodner, "Practical retention index
models of OV-101, DB-1, DB-5, and DB-Wax
for flavor and fragrance compounds," LWT-
Food Science and Technology, vol. 41, no. 6,
pp- 951-958, 2008.

[15] V. Babushok, P. Linstrom, and L
Zenkevich, "Retention indices for frequently
reported compounds of plant essential oils,"
Journal of Physical and Chemical Reference
Data, vol. 40, no. 4, p. 043101, 2011.

ov

5Y mUmL 55w s a1, 5 b ks 5l Lol Gl

LFY V1ol Slssan rass onl s b &S Lles 'Y

z -
el b s sy b e Soue ulul Obekly op i
S LB s i sl SISl (L 132D
(ajf Sl 5L es S sn S bl 4l b osls LS
sl — g.JI Lol C\J>'=:...,\ oelel eemen ssls (g xig
g O N U S-S S PR RPFRUN
SIS T S S pdleal 5 0T 3 4G5k 4 5)ls g s
R PPN PRI O | PR - TE R WERET) R S e
S O3Sk i bS5 e AL
3 o el bl s s (el 5 Sl

405 easlel

GLA -0

[1] E. Leung, D. E. Weil, M. Raviglione, and H.
Nakatani, "The WHO policy package to
combat antimicrobial resistance," Bulletin of
the World Health Organization, vol. 89, pp.
390-392, 2011.

[2] E. Meyer, P. Gastmeier, M. Deja, and F.
Schwab,  "Antibiotic = consumption and
resistance: data from Europe and Germany,"
International Journal of Medical
Microbiology, vol. 303, no. 6-7, pp. 388-395,
2013.

[3] R. J. Fair and Y. Tor, "Antibiotics and
bacterial resistance in the 21st century,"
Perspectives in medicinal chemistry, vol. 6, p.
PMC. S14459, 2014.

[4]J. M. DeMan, J. W. Finley, W. J. Hurst, and
C. Y. Lee, Principles of food chemistry.
Springer, 1999.

[5] W. C. Frazier and D. C. Westhoff, Food
Microbiology. McGraw-Hill, 1978.

[6] B. A. Cunha, "Antibiotic side effects,"
Medical Clinics of North America, vol. 85, no.
1, pp. 149-185,2001.


http://dx.doi.org/10.52547/fsct.18.119.47
https://dorl.net/dor/20.1001.1.20088787.1400.18.119.13.3
https://fsct.modares.ac.ir/article-7-52089-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-27 |

[ DOR: 20.1001.1.20088787.1400.18.119.13.3 ]

[ DOI: 10.52547/fsct.18.119.47 |

S eilad DS 5 s

u.i.‘)\)}.’ Baaals) o)\j 032 A_H.LJ«

"Comparison of chemical constituents and
antimicrobial activities of three essential oils
from three different brands' clove samples
collected from Gulf region," Asian Pacific
Journal of Tropical Disease, vol. 4, no. 4, pp.
262-268, 2014.

[25] J. Briozzo, L. Nuncez, J. Chirife, L.
Herszage, and M. D'aquino, "Antimicrobial
activity of clove oil dispersed in a concentrated
sugar  solution," Journal of Applied
Bacteriology, vol. 66, no. 1, pp. 69-75, 1989.

[26] M. Rezaei and K. Jaymand, "Essential oils,
distillations apparatuses, test methods of
essential oils and retention indices in essential
oil analysis," Tehran, Iran: Iranian Society of
Medicinal Plants, 2006.

[27] P. S. X. Yap, K. Yusoff, S.-H. E. Lim, C.-
M. Chong, and K.-S. Lai, "Membrane
Disruption Properties of Essential Oils—A
Double-Edged Sword?," Processes, vol. 9, no.
4,p. 595,2021.

[28] M. Mahboubi and M. Mahboubi, "Chemical
Composition, Antimicrobial andAntioxidant
Activities of Eugenia caryophyllata Essential
Oil," Journal of Essential Oil Bearing Plants,
vol. 18, no. 4, pp. 967-975, 2015.

[29] Y. Fu et al., "Antimicrobial activity of
clove and rosemary essential oils alone and in
combination," Phytotherapy research, vol. 21,
no. 10, pp. 989-994, 2007.

[30] P. Goiii, P. Lopez, C. Sanchez, R. Gomez-
Lus, R. Becerril, and C. Nerin, "Antimicrobial
activity in the vapour phase of a combination
of cinnamon and clove essential oils," Food
chemistry, vol. 116, no. 4, pp. 982-989, 2009.

[31] K. P. Devi, S. A. Nisha, R. Sakthivel, and
S. K. Pandian, "Eugenol (an essential oil of
clove) acts as an antibacterial agent against
Salmonella typhi by disrupting the cellular
membrane," Journal of ethnopharmacology,
vol. 130, no. 1, pp. 107-115,2010.

[32] A. Kammon, A. Almaeyoufi, and A. Asheg,
"In Vitro Antimicrobial Activity of Clove Oil
against Gram Negative Bacteria Isolated from
Chickens," 2019.

oA

[16] E. Sagun, H. Durmaz, Z. Tarakci, and O.
Sagdic, "Antibacterial activities of the extracts
of some herbs used in Turkish herby cheese
against Listeria monocytogenes serovars,"
International Journal of Food Properties, vol.
9, no. 2, pp. 255-260, 2006.

[17] C. Valgas, S. M. d. Souza, E. F. Sménia,
and A. Smania Jr, "Screening methods to
determine antibacterial activity of natural
products,”" Brazilian journal of microbiology,
vol. 38, no. 2, pp. 369-380, 2007.

[18] K. B. Waites et al., "Methods for
antimicrobial susceptibility testing for human
mycoplasmas; Approved guideline," 2019.

[19] M. Cavas, D. Beltran, and J. F. Navarro,
"Behavioural effects of dimethyl sulfoxide
(DMSO): changes in sleep architecture in
rats," Toxicology letters, vol. 157, no. 3, pp.
221-232,2005.

[20] C. I. Owuama, "Determination of minimum
inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) using a
novel dilution tube method," African journal of
microbiology research, vol. 11, no. 23, pp.
977-980, 2017.

[21] H. M. Salama and N. Marraiki,
"Antimicrobial activity and phytochemical
analyses of Polygonum aviculare
L.(Polygonaceae), naturally growing in
Egypt," Saudi journal of biological sciences,
vol. 17, no. 1, pp. 57-63,2010.

[22] W. Guan, S. Li, R. Yan, S. Tang, and C.
Quan, "Comparison of essential oils of clove
buds extracted with supercritical carbon
dioxide and other three traditional extraction
methods," Food Chemistry, vol. 101, no. 4, pp.
1558-1564,2007.

[23] L. Jirovetz, G. Buchbauer, I. Stoilova, A.
Stoyanova, A. Krastanov, and E. Schmidt,
"Chemical composition and antioxidant
properties of clove leaf essential oil," Journal
of agricultural and food chemistry, vol. 54, no.
17, pp. 6303-6307, 2006.

[24] M. A. Hossain, S. R. A. Harbi, A. M. Welj,
Q. Al-Riyami, and J. N. Al-Sabahi,


http://dx.doi.org/10.52547/fsct.18.119.47
https://dorl.net/dor/20.1001.1.20088787.1400.18.119.13.3
https://fsct.modares.ac.ir/article-7-52089-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-27 |

[ DOR: 20.1001.1.20088787.1400.18.119.13.3 ]

[ DOI: 10.52547/fsct.18.119.47 |

JFST No. 119, Vol. 18, January 2022 ABSTRACT

Iranian Journal of Food Science and Technology |‘ @l
Homepage: www.fsct.modares.ir ‘%";::__,,.'_3::;:;2’

Scientific Research

Determination of clove (Eugenia caryophyllata) essential oil and
comparison of its antibacterial properties with some conventional

antibiotics
Dadazadeh, A. !, Nourafcan, H. **

1. PhD Student, Department of Medicinal Plants, Miyaneh Branch, Islamic Azad University, Miyaneh, Iran.
2. Assistant Professor, Department of Medicinal Plants, Medicinal Plants and Organic Products Research Center,

Miyaneh Branch, Islamic Azad University, Miyaneh, Iran.

ARTICIE INFO

ABSTRACT

Article History:

Received 2021/04/29
Accepted 2021/07/03

Keywords:

Antibacterial,

Essential oil,

Eugenia caryophyllata,
Eugenol,

Antibiotic Resistance.

10.52547 fsct.18.119.47

*Corresponding Author E-Mail:
nourafcan@m-iau.ac.ir

Eugenia caryophyllata (Clove) has long been used as a medicinal plant to treat
infections and prevent food spoilage. In this study, with three methods of hydro
distillation, steam distillation and hydro-steam distillation, clove buds were extracted
and the yields of these methods were 10.9, 9.9 and 8.3%, respectively, which had the
highest efficiency for water extraction method. Essential oils obtained by different
methods were analyzed by GC/MS and 17 essential oil components were identified.
Among these components, acetic acid, eugenol, eugenol acetate, m-eugenol,
caryophyllene, hexadecanoic acid were the predominant components, the amount of
which in all three types of essential oils were significantly different from each other.
Also, the antibacterial effect of essential oils along with 12 common antibiotics on
three types of Gram-positive bacteria (Staphylococcus aureus, Streptococcus mutans,
Staphylococcus epidermidis) and Gram-negative (Escherichia coli, Salmonella
typhimurium, Pseudomonas aeruginosa) were studied and compared. The results
showed that the essential oil extracted with hydro-steam, compared to other
extraction methods, has a significant antibacterial effect so that its effect on
Staphylococcus aureus from Erythromycin, penicillin, glucosacin, vancomycin,
tetracycline, ciprofloxacin, ceftriaxone, ceftriaxone Amikacin and gentamicin were
stronger, and the effect was similar to that of ampicillin, tobramycin. In conclusion,
obtained results showed that clove essential oil can be used as antimicrobial
compenent for different appliactions as well as for food and drag applications.

04


http://dx.doi.org/10.52547/fsct.18.119.47
https://dorl.net/dor/20.1001.1.20088787.1400.18.119.13.3
https://fsct.modares.ac.ir/article-7-52089-en.html
http://www.tcpdf.org

