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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 o° 1.18° o°
3 Carvacrol 1300 1301 0° 0.42? o°
4 a-Cubebin 1351 1349 1.06° 0P o°
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° 2.51°
10 trans-Isoeugenol 1449 14438 1.62° 0.26" 0°
11 Isoeugenol 1451 1452 1.85° 0.22° 0°
12 o-Humulene 1462 1464 2.81° 0P o°
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 o° 17.51% o’
16 Eicosane 2000 2003 o° 0.22° o°
17 Benzotriazole 2629 2632 1.06 0° o°
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

oY



\i"ébc\/\ 092 ARES a)l,m..;

0o by bl ds s AVALY &S sy (Lsys V0Y) Js5s

o lal gl g I e s ST L s s, s

(o3 VAV Silid J 5550 (Ao sVVE0)] 55 - s 5

Abundance a Abundance

5000

101120139 169
0 20 40 60 80 100120140160180

0

mz— mz->

Abundance oH Abundance

mz—->

0 20 40 60 80 100120140160180

mwz—>

Abundance

0
mwz—-> 0 20 40 60 80 100120140160180

0 20 40 60 80 100120140160180

Abundance

[
mwz—-> 0 20 40 60 80 100120140160 180200220240260280

0 20 40 60 80 100120140160180

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, (¢) 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

Bacterium Hydro Distillation Steam Distillation Hydro-Steam Distillation
5 10 20 40 80 5 10 20 40 80 5 10 20 40 80
Staphylococcus  11.3%  17.6%  27% 286  31.3% 12+ 15.3% 20 243+ 276+ 11.6 23.6t  30.6t 353"+  39.6%
v aureus 0.4 0.4 1.6 0.4 0.9 0 0.4 0.8 0.9 0.4 +0.9 1.2 0.4 0.9 0.9
= g
% Staphylococcus 6.6 83%  113%  14™x 143+ 73 8lx 123%  14.6°+ 15%+ 6f 11.3%  12.6%: 146"+  16.3%
& epidermidis 0.5 0.5 +0.4 0.8 0.9 0.4 0 0.4 1.2 0.8 04 0.4 0.9 0.4 0.4
= )
5 h i d c a h gh f d b 6.6" . d c b
& Streptococcus 6.6 8er 1334 153% 20 6.3 78t 8.6% 13% 17.6"+ " 9.3% 13.3% 15% 18.3%+
mutans 0.5 0.8 +0.4 0.4 0.8 0.4 0 0.4 0.8 04 04 0.4 0.4 0 0.4
©  Pseudomonas 0 0 o 73%  123% 0 0 6.6% 103 123 o 73%  103%  123%% 146
'S aeruginosa 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
g E coli o 66" 103" 153% 2234 o 73% 0 103% 4% 196 o 86%  103% 1267 153%
Zé : 0.4 +0.4 0.4 0.4 0.4 0.4 0.8 09 0.4 0.4 0.9 0.4
& Salmonella o 63%  7.7% 10 113% o 8L 103% 123%™ 13%% o 8.6 2% 1260 133%
© typhi 0.4 0.5 0 0.4 0.8 0.4 +0.4 0 0.4 0.8 0.9 1.2
Table 4 Antibiogram test results (mm) of different antibiotics
Antibiotics
=
£ = 2 = £ 2 i = 3
Bacterium ES £ 2 E = E 5 =S = £ g 3
£ 2 £ < ) 5] > £ < 3 s ]
< < ] = 2 = 2 ) s = = -
by e = = © 33 = = g
S o g 3 g = £ g = & 5. <
= o o - 5 = > © 5
Staphylococcus 4 d b d b
@ 39.8%0.2 2704 335404 29.7%t0.5 40.8%1.3  31.3%06  37.5%:0.4 27.8%02 34.8%1.3 29.1%0.6 37.5%04 27.5°+0.4
aureus
=
g Staphylococcus a, a a C c a b, d d d c be
& A 347°0.2  35.8%0.2 3504  29.7°%0.8  29.7%0.5  345%0.4  313%0.9 243%02 23.7%t1.2  23.7%1  293%0.6  29.8%:0.6
s epidermidis
<
= Strept
< P Toccus 217407 302°40.6 31.2%:0.8 217008 313%:0.6 31.8%0.2  26%0.4  19%0.8 0" 345404 202%]  28%0.4
mutans
Pseudomonas b £ d
g i 23.2%+0.2 0¢ 20.8%+0.6  20%0.4  102°40.6  26.8%1 1004  7.2%40.2 0¢ 0¢ 12¢£0.4  20.8%0.2
'«3 aeruginosa
&
z E. coli 15%04 2004 19712 29.7%0.5 13.5%04  24.2°0.6  23.8%0.2 o o 8.2%0.2 0 19.8+0.6
=
<
S Salmonella typhi ~ 10.7£0.2  16.2°+0.2 12541 22.840.6 16.5%0.4  13.8%0.2  17.8%0.6 19.5°+0.4 o 20°+0.4 oh 22.3%40.5
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Table 5. The MIC and MBC results (mL/mL) of essential oils of Fugenia caryophyllata obtained by
different extraction methods

] HD SD HSD
Bacterium
MIC MBC MIC MBC MIC MBC
L@ Staphylococcus aureus 0.25 0.5 0.25 0.5 0.125 0.25
E - -
s ’g Staphylococcus epidermidis 0.5 0.5 0.5 0.5 0.125 0.25
&)

- Streptococcus mutans 0.5 1 1 2 1 2
2 Pseudomonas aeruginosa - - - - 2 -
E <
85 E. coli 0.5 1 1 2 0.5 1
U %)

z Salmonella typhi - 2 - - 2 -
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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.
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