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Table 1 Chemical compositions essential oil of peel of C. clementine and C. reticulate (%)

Component Retenti?n time Kovats C. clementine C. reticulate
(min) Index
o-Pinene 9.597 940 0.48 0.48
Sabinene 11.484 962 0.48 0.48
f-myrcene 12.407 975 1.06 0.14
Octanal 13.023 999 0.47 -
o-terpinene 13.587 1017 - 0.07
o-cymene 14.007 1025 - 341
Cymene 14.018 1026 0.14 -
Limonene 14.305 1031 78.99 30.18
y-terpinene 15.751 1059 - 14.32
terpinolene 17.187 1084 - 1.86
Linalool 17.895 1098 0.48 -
p-Menta-trans-2,8-dien-1-ol 18.859 1106 1.20 -
Cis- Limonene oxide 19.443 1126 1.40 -
Trans-Limonene oxide 19.679 1136 0.74 -
Citronellal 20.479 1161 0.18 0.11
4-Terpineol 21.617 1177 - 0.22
a-terpineol 23.315 1193 0.18 1.18
n-Decanal 23.012 1199 1.02 0.43
Trans-carveol 23.689 1213 1.42 -
p-citronellol 24.161 1211 - 0.16
Cis-carveol 24.243 1219 0.74 -
4-vinylphenol 24.592 1220 - 3.2
Carvone 24.807 1226 1.43 -
L-Perillaldehyde 26.192 1236 - 0.89
Perilla alcohol 27.382 1294 0.27 -
thymol 27.515 1288 - 0.67
p-Vinylguaiacol 27.966 1291 - 1.77
o-Copaene 30.643 1349 0.17 0.26
p-Cubebene 31.269 1386 0.12 0.41
Vanillic aldehyde 31.751 1390 - 0.18
Dimethyl anthranilate 32.079 1405 - 7.83
Dobecanal 32.110 1408 0.15 -
trans-Caryophyllene 32.489 1415 - 1.44
o-Humulene 33.905 1429 - 0.39
a-selinene 35.638 1481 - 0.73
o-Farnesene 36.192 1498 - 3.07
0-Cadiene 36.776 1503 - 0.31
Tetradecanal 40.212 1600 - 0.36
f-Sinensal 43.402 1690 0.10 -
Hexadecanoic acid 42.540 1955 - 2.39
Linolic acid 57.864 2129 0.17 -
total 91.39 76.94
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Fig 1 Classification of volatile compounds isolated
and identified in essential oil of peel from C.
clementine and C. reticulate
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Table 2 Antimicrobial activity of C. clementine peel essential oil against tested microorganisms using
disc diffusion method (zone of inhibition in mm)*®

Gentamicin

Chloramphenicol

Amphotericin B

Nystatin

Microorganisms 40 mg/ml 60 mg/ml 80 mg/ml
E. coli 6.00+£0.05E4¢" 8.50£0.50F¢ 9.00+0.10¢¢
S. typhi 14.00£0.508¢  18.00£0.058  20.00+1.008>
B. cereus 8.50£0.50Pd 11.66+1.52P  13.00+1.00¢P¢
B. subtilis 11.50£0.50¢  15.50£0.52¢d 14.00+1.00¢¢
S. aureus 9.00+1.00°  10.50+0.50PE>  11.33+1.04P>
C. albicans 20.50£1.504¢  23.00+£1.004>  28.50+1.5042
A. niger 12.50£0.50¢d  23.00+3.004>  28.00+1.0042

26.50£0.50Pb
30.50+0.5082
28.00+1.00¢
30.51+0.508P
33.50£0.5042

31.33+1.045a
32.00+2.0082
32.00+2.0082
36.00£0.0542
33.33+1.0452

20.10£0.104¢
17.43+0.518¢

18.00+1.004¢
16.10+0.108¢

avalues represent mean + standard deviation of three replicates. “values followed by the same small and caps letter at the same row and
column are not significantly different, respectively (p > 0.05).

Table 3 Antimicrobial activity of C. reticulate peel essential oil against tested microorganisms using
disc diffusion method (zone of inhibition in mm)*°

Microorganisms 40 mg/ml 60 mg/ml 80 mg/ml Gentamicin Chloramphenicol Amphotericin B Nystatin
E. coli 9.36+0.59>"  10.00£0.50“  10.33+£0.10“  26.50+0.50"" 31.33£1.04% - -

S. typhi 8.00+0.50PE¢ 9.10+0.36%¢ 10.00£0.50<  30.50+0.50%° 32.00+2.005 - -

B. cereus 12.00£1.00%¢  19.00+1.00%  20.00+2.00%  28.00+1.00 32.00+2.00" - -

B. subtilis 9.00£1.00E¢ 10.00+£0.50%  11.00+0.50%  30.51+0.50%° 36.00+0.054° - -

S. aureus 10.00£1.00%  10.50£0.50%  12.00£0.50<°  33.50+0.50"¢ 33.33+1.04% - -

C. albicans 21.00£1.004¢  27.00+£3.004°  34.00+4.004* - - 20.10+£0.104¢ 18.00£1.004¢
A. niger 7.50+0.50" 10.50+£0.50°  11.50+0.50% - - 17.43+0.515 16.10+£0.105°

avalues represent mean + standard deviation of three replicates. "values followed by the same small and caps letter at the same row and
column are not significantly different, respectively (p > 0.05).

LU el calas pamedS ulel gl ol axlas
S omtelS bl S5 slacdle x4 SYL
¥ RTINS P o SN LSV KE PP PP S |
S il 236l (SAlssl e kst
Foosgde S 5 LS sl s S sl
S Saslasl Wla s 5l 2S5 e e VY 5 V8
EVV0) sleliz (YONTEOA) ol ol
5 Gra eV Ve EV/00) Sl oS sl 5 (e oo AN
$lr s cilhe b SL Gl o adllas il L as [YO]
B OLen 5 bk cls & e ST L tils 56
» 1y C. reticulata Blanco o se vy 55 LS 3
o AT Ll s o ke slaaslEls S

bt 53 LSS cl Gl el i s

\YE

s Sweds clls sheed OS5 oL Lol
A (Golle 5 5o I8 ) obw LS e gl sl
Cled sl Ll o 1 Bl DS s 1
Gla bl a8 sl OLES O gy Segs i) & o ,Sedd
el s B (ol llad S n Sl 5 e
@ dl Dl 5 oo o Seds cdli gLls p sl
Goap e S wpn VoS oS wan Yol S
Cstsipe Lot Sl S50 b ks S 500
el S 5 s esSS led
Slp e jJ;AdLa VY/AENNY s ANAEN/v Ve £V /8
S Y EY ot Mgl 5 S L)

2L sk o) s [TE] ss e VI e

1. Listeria monocytogenes
2. Enterococcus faecium
3. Salmonella Enteritidis
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The aim of this study was to extract and identify the volatile constituents of the essential oils of two
species of citrus named Clementine and Mandarin and to investigate their antioxidant and
antimicrobial potential. The compounds of the essential oils prepared by steam distillation were
identified by gas chromatography-mass spectrometry (GC/MS). The antioxidant abilities of the
essential oils were evaluated by DPPH and ABTS assays. The antimicrobial activities of the essential
oils were investigated using the disc diffusion method against three Gram-positive (Staphylococcus
aureus, Bacillus ceruse, and Bacillus subtilis) and two Gram-negative (Escherichia coli and
Salmonella typhi) bacteria, a yeast (Candida albicans) and a fungus (Aspergillus niger) in comparison
with the synthetic antibiotics. The both essential oils were rich in hydrogenated monoterpens and
limonene was the main compound in both essential oils. The highest percentage of DPPH and ABTS
free radical scavenging was shown about 34.38% and 48.44%, respectively for Clementine essential
oil and for Mandarin essential oil was 67.53% and 96.44%, respectively, at 900 ppm. The results
showed that both essential oils inhibited the growth of the studied microorganisms and increasing the
essential oil concentration, increased the zone of inhibition. The highest diameter of inhibition zone
was observed in Candida albicans in both essential oils. The lowest inhibition zone for Clementine
and Mandarin essential oils was also observed in Escherichia coli and Aspergillus niger, respectively.
In general, the antifungal effect of both essential oils was more than their antibacterial effect. Based
on these findings, citrus peel essential oil could be suggested as a natural preservative substance for
use in food products.
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