Available online at www.scholarsresearchlibrary.com

Q\\a‘ma(‘/'e(
Scholars Research Library d'} \‘"»A“’g:
Scholars Research . * k@# r:
Der Pharmacia Lettre, 2016, 8 (4):239-245 * <Y *
(http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Chemical composition, antioxidant, antibacterial aml antifungal activities of
peel essential oils ofitrus aurantium grown in Eastern Morocco

Hasnae Bendah&?, Btissam Bouchal®, Ibrahim EI Mounsi? Amine Salh*F, Mohammed
Berrabeh®, Mohammed El BellaouP and Mostafa Mimouni?

#Materials Chemistry Laboratory(LCM), Faculty of 8ete, University Mohammed the first, Oujda, Morocco
®Medical Biological Unity, Faculty of Medicine andh@macy, University Mohammed the first, Oujda, Mo
“Applied Chemistry and Environment Laboratory (LCNRAC 18), Faculty of science, University Mohammed th

first, Oujda, Morocco
dMineral and Solid Analytical Chemistry Laborator@BMA), University Mohammed the first, Oujda, Momcc
These authors contributed equally to this work

ABSTRACT

Essential oils (EO) were isolated by steam-diditha from fresh peel of citrus aurantium grown iradtern
Morocco and harvested in February (EO1) or Decemfe®2). EO were also isolated from peel of citrus
aurantium harvested in December and dried at 23203%) or 50°C (EO4). Soxhlet hexane extract fronedipeel

of citrus aurantium was also used to isolate EOstsam-distillation (EO5). All these EO were anatyty gas
chromatography (GC) coupled to mass spectromet@—(@S). Variation in the yield and chemical compositof
these essential oils were determined. Less tham components were identified and constituting apipnately 96

to 100% of the oil. The major component always lvasnene for all EO. The antioxidant activity obtfe EO has
been evaluated using in vitro DPPH assay and tiseltse were compared with standard antioxidant(ab@oacid).
The effect of these EO on the growth rate of thasty&accharomyces Cerevisiae, gram-negative bacteri
(Escherichia coli DH& and Citrobacter freundii) and gram-positive bad&er(Listeria monocytogenes and
Staphylococcus aureus)was studied. Ours findingsditrus aurantium peel EO possess very weak ddtok
activity. In contrast, it showed significant antifyal activity and variable antimicrobial activity.
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INTRODUCTION

Natural sourced medicines have become increasipgbular among consumers who search for natural ways
maintain their health[1]. Food processing industrigeate large quantities ofby-products, which diféicult to
dispose of, as they need a high biological oxygemahd. Plant material wastes from these industoesetimes
contain high levels compounds that can have anradenvironmental impact[2].

Essential oils are natural products that plantsipee for their own needs. In general, they are dexnmixtures of
organic compounds that give characteristic odorfevdr to the plants. They are mainly made up lmnoterpenes
and sesquiterpenes whose main metabolic pathwalrasigh mevalonate leading to sesquiterpenes am fr
methyl-erythritol leading to monoterpenes. Theylaated in different parts of the plant. They t@nfound in the
root, stems, leaves, flowers, fruit and even s&dddjese volatile compounds have diverse ecolodigattions,
acting as defensive substances against microorgarasid herbivores, but can also be important tadttnsects
for the dispersion of pollens and seeds[4].
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The essential oil preparations that possess bimdbgctivities have been the subject of many ingatbns resulting
in the screening of a wide variety of plant specisl have revealed structurally unique biologicalktive
compounds. Again, essential oils of some plantshacently been proven successful eco-friendlycoiatrol
agent. Many authors have reported antimicrobiatiftargal, antioxidant and radical-scavenging praipsr of
essential oils[5].

Citrus aurantiumpeel essential oils have been used for yearsditivaal western medicines, Chinese and Japanese
herbal medicines, and as flavorings in foods aneetages[6].Historically, the oldest citrus prodigthe oil. In
ancient Sicily, where early Italian citrus industngd just been introduced, lemons were primarilgwgr for
production of lemon oil, and juice was treated asate product until its later use for citric acéttovery. Citrus has
proven to be a very good option for the oil andeass production[7].

Citrus peel essential oils are reported to be drtbeorich sources of bioactive compounds namelnoterpenes
and sesquiterpenes. Recently, Citrus peel essailiahave also been searched for their naturabxidant®!,
antifungal and antimicrobidl properties. It is widely accepted that biologieativities of plant materials are
strongly linked with their specific chemical comjiimn*®.,

The main objective of the present study was tosasee yields and chemical compositiorcitfus aurantiumpeel
essential oils grown in Eastern Morocco. The effefcthe drying pretreatment of peels and the feuiltivation
season on the yields and chemical compositioritofis aurantiumpeel essential oils were also studied. The
antioxidant activity otitrus aurantiumpeel essentials oils was investigated. Moreober gffect of essential oils on
the growth rate of yeastaccharomyces cerevisiagram-negative bacteri&¢cherichia coliDHa andCitrobacter
freundi) and gram-positive bacterihigteria monocytogenemdStaphylococcus aurelygas studied.

MATERIALS AND METHODS

1. Sample preparation and essential oil extraction:

The fruits were harvested fro@itrus aurantiumtrees grown in Eastern Morocco in February and Béez. The
fruits were washed and peeled. Firstly, 100g o$Hrpeel, or peel dried at 25°C and 50°C were stibdnhior 4
hours to steam-distillation using the Clevengeetgpparatus. The EO were dried over anhydrous sodilphate
and then stored in sealed glass vials at 4 to 5 @ analysis. Secondly, 2.5 g of the hexaneaextobtained from
the Soxhlet extraction of dried peel were submifted? hours to the steam-distillation by Clevenggre-apparatus.
The hydrosol containing EO extracted is decantegettimes with diethyl ether. The organic portierdiied with
anhydrous sodium sulphate then filtered and evapdra a rotary evaporator at 3¢* The residue obtained is an
essential oil that will be stored away from ligh#daC.

2. GCand GC-SM analysis:
The EO were analyzed using gas chromatography esuplmass spectrometry (Shimadzu QP 2010).

3. DPPH essay:

Radical scavenging activity of the essential oilvmsasured using the stable radical DPPH(2,2-dighingyl-
hydrazil). Theprocedure followed was according &m@&hez-Moreno et al (1998).50ul of essential oil at different
concentrations (from 0.3125 to 5 mg/ml) are adaed.95 ml of DPPH solution (DPPH in methanol 0.0B5¢n
parallel, a negative control was prepared by miXd0gl of methanol in 1.95 ml DPPH solution. Afted Bin of
incubation in the dark at room temperature, theodi@mce measured at 517nm. The results were erpress
percent inhibition (1%) and l§values are graphically determined by linear regoess he absorbance is measured
by the UV-Vis spectrophotometer Shanghai mapadauimants Co-Ldt model V-1200).The ability to scagerthe
DPPHe radical was calculated using the equatioavieelvhereA, is the absorbance of the control at30min Apcs
the absorbance of the sample at 30min. All sampte analyzed in triplicate, and a solution of alsimacid was
used as a positive control.

1(%) = 100 (A0 AL 1)
o= A0 (

4.Bacterial and fungal strains used:

The yeastSaccharomyces cerevisiatrain (BY4741%°, was used to evaluate the antifungal activityQitrus
aurantiumessential oils. Gram-negative bacterial st&rc¢liDH5« and Citrobacter freundjiand gram-positive
bacteria strainl(isteria monocytogeneand Staphylococcus aure)ygere used to evaluate the antibacterial activity
of Citrus aurantiumessential oils. All bacteria stains were kindlgyided from Institute Pastor Morocco.
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5. Antibacterial essay:

Essential oils o€itrus aurantiumpeels were tested for their antibacterial actiaigginst the various bacterial stains.
The antibacterial activity was determined by thscddiffusion methdd”.Briefly, a fresh colony was cultivated
overnight in liquid Luria-Bertani medium (LB) at {3C) under aeration. After that, a suspension coinig
10°(CFU / ml) of bacteria cells was prepared (0.5 Mta) ™, and used to inoculate Petri plates containiniglsol
(LB) medium'®. The plates were then allowed to dry for 15minutEsen paper discs (6mm in diameter) were
placed on the inoculated agar plates. Then, 10fgsiéd essential oils were deposited on the pdipes and then
allowed to diffuse into medium by incubating theatpk for one hour at room temperature. These werp t
incubated at 37°C. Twenty-four hours later. Thelmuterial activity was evaluated by measuring ititgbition
zone diameters in millimeter. The measurementsloibition zones were performed three times for ezsdential
oil including streptomycin as positive control (PC)

6. Antifungal essay:

Growth rate of yeast cells was measured as theabdmtensity of cells at 600 nmas a function of tifineurs) in rich
medium. Yeast cells were diluted from an overnigiiture to an O.D (600nm)of ~0.08 and allowed tovguntil
the O.D (600nm)reached ~0.14,ensuring that the eedire in logarithmic phase. EO was then addedgaoath
rate was measured. All EO were diluted in 100% DM&Q all assays, including the “no drug” contoaintained
1% DMSO.

RESULTS AND DISCUSSION

1. Essential oil yields and compositions:

EO were isolated by steam-distillation from frestelpofcitrus aurantiumgrown in Eastern Morocco and harvested
in February (EO1) or December (EO2). EO were astated from peel afitrus aurantiumharvested in December
and dried at 25°C (EO3) or 50°C (EO4). Soxhlet nexaxtract from dried peel oftrus aurantiumwas also used to
isolate EO by steam-distillation (EO5). The EO1,2:803, EO4 and EO5 were fragrant, colorless, wittensity

of 0.85, 0.85, 0,83, 0.85 and 0,71 respectivelyesBhdensity values are similar with those repairtidideraturéd”.
Yield and chemical composition of these EO were dlstermined. Yields of EO1, EO2, EO3, EO4 and E@Be
respectively 1.01%, 1.02%, 1.04%, 2.13% and 4.5%fu(E 1).

4,50%

2.13%

1.01% 1.02% 1.04%

EO1 EO2 EO3 EO4 EOs

Figure 1: Citrus Aurantium essential oil yields

Our results are similar to those finding by Hodralg(2010) in Tunisia, where the yield of the BOnh dried peel of
Citrus aurantiumwas around 1.2494!, but contrary with results of Hamadani et al (20itbAlgeria and Essadik
(2015) in Morocco, where the yield of freskrus aurantiumpeel EO was 0.73%%and 0.3%° respectively.
Therefore, the highest yield of EO was obtainedhfidried hexane extract followed by peel dried &&0he yield
of EO obtained from fresh peel or dried at 25°Cen&vo times lower than the one from peel dried8C5 and four
times lower than the one from dried peel hexaneaektThe results of our present study regardifiecedf drying
conditions on peel essential oil yields are in agrent with finding of Kamal et al (20Ff}, where higher yield of
EO was obtained from oven-drying peel of citruscégge The chemical composition of EO is shown in tablel.

241
Scholar Research Library



Hasnae Bendahaet al Der Pharmacia Lettre, 2016, 8 (4):239-245

Table 1 : Compounds of fresh and dried peeCitrus aurantium EO

(%)EOL  (%)EO2 (%)EO3 (%)EO4 (%)EOS

Chemical compounds February December (25°C) (50°C) (Hex)

B-Myrcene 4.02 1.34 2.97 3.01 2.9
D-Limonene 88.97 92.62 82.58 64.06 94.12
Linalool Oxide - 2.32 3.91 -
Linalyl Acetate 0.54 --
p-Linalool 0.36 5.19 12.55
a-Terpineol 0.40 2.69
Perillaldehyde 5.90
Carvacrol 454 -
Geranyl acetate 0.25 1.88
6-Methyl-2-(2-oxiranyl)-5-hepten-2-ol 0.42 0.38 @.5

B-Linalool - 1.98 5.38 -

B-Pinene 0.69 0.50 .- e

a-Pinéne 0.84 0.49
(+)-Sabinene 0.24 -
cis-Ocimene o 0.21 -
Total 96.09% 98,16% 100% 98.54%  97,02%

The total number of compounds identified in EO12£803, EO4 and EO5 were respectively, 8, 9, )23 and
which represented respectively 96.09%, 98.16%, 1088%64% and 97.02% of the total oil. These resatts
different from those reported previously. For exéenf3-37 compound were found in dried and fres pssential
oil in Tunisia[8, 17]. In Turkish fresRitrus aurantiumpeel essential oil, 29 compounds were identifi].[32-33
compounds were found in peel essential oil in Alp§t8, 21].

Our peel essential oils were dominated by monoterpdiydrocarbons with 94.52%, 95.40%, 85.55%, 673.awd

97,02%for EO1, EO2, EO3, EO4 and EQOS5, respectiigimonene was always the major component with \deia
percentage. This result is similar to those regbfte EO from Tunisia and Turkey, where Limonenes\wa¢so the
major component with 90.25-96.9% and 94.1% respelgti [8, 17, 20]. However, in Algeria limonene waat the

dominant constituent (2.5-7.18%), but linalool was major constituent (12-63.03).

In this paper, we found that the chemical compmsitf our EO showed noticeable difference. EO1 civiwas
obtained from peel o€itrus aurantiumharvested in February, showed higher conteng-bfyrcene, but lower
content of D-Limonene than EO2, which was obtaiped! ofcitrus aurantiumharvested in December. Thereby,
the oil contents are influenced by season of hareesipening stage. Similarly, drying treatmentfiienced the
chemical composition of EO. EO3, which was obtaifredh peel ofCitrus aurantiumdried at 25°C, showed higher
content of D-Limonene than EO4, which was obtaipeél of Citrus aurantiumdried at 50°C (82.58% versus
64.06%). In addition, a number of minor componeamtspresent in EO obtained from peel dried at 50U€ absent
in EO obtained from peel dried at 25°C. Thereftiese results could help establish the optimumdsirgate and
the best methods for preparing EO from pedlivfis aurantium

2. Antioxidant activity:

DPPH can be used to determine the free radicalescavg activity as it forms a stable molecule opegting an
electron or hydrogen atdffl. There was a reduction in the concentration of DRIRE to the scavenging effect of
extracts. The extracts and standard antioxidardscerl DPPH to yellow colored product in a conceiuma
dependent manner [23].The free radical scavengitigity of essential oils has been studi&itrus aurantiumeO
displayed weak DPPHe radicals scavenging capabilihe DPPH scavenging capacity of all EO was rapnffiom
7-15%. The IG, values were much higher than the control ascatid (Table 2).

Table 2: DPPH scavenging capacity (1%) and effecta concentration (IC50) of EO

EOs 1% 1Go(mg/ml)
EO1 15.33+0.433  1.49+0,156
EO2 7.47+0.115 4,200,476
EO3 7.00+0,529 2.57+0,840
EO4 14.60+0,115 1.81+0,208
EO5 12.3840,595 0.68+0.070

Ascorbic Acid  95,52+0,570  0.018+0.09

Our results are consistent with work of Choi e(24100),where 34 kinds dfitrus oils obtained from Japan, Korea
and Italy exhibited weak DPPH radical scavengirfgatfranging from 12% to 17.7%. In their work, th&yowed
that citrus aurantiumEO have low DPPH radical-scavenging activity. AsstBEO was mainly composed of
limonene in proportion of >90%, it is consideredtthmonene would not play the principal role irtetenining the
scavenging activity for radical and also the saoreMyrcene in which there was non-direct correlatimetween
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Myrcene content and the radical scavenging actiffityling-ChiuOu et al (2015) also reported teitus grand is
EO and cold-pressedtrus paradisii EO displayed weak DPPH radical-scavenging capgbitiowever, DPPH
scavenging capacity of cold-presseitrus paradisiiEO was less than 20% and distilledtrus paradisii EO
exhibited the potent DPPH scavenging capacity ambegrus EO. And where the IC50 value was more than
40mg/ml[25].

3. Antibacterial activity:
The effect of our EO on the growth rate of gramai®g bacteria Escherichia coli DH&a, and Citrobacter
freundi) and gram-positivelL{steria monocytogenemndStaphylococcus aurels represented in Table 3.

Table 3: Citrus aurantium peel EO effect on gram-positive and negativieacterial stain

Inhibition Zone (1Z) (mm)
Gram positive

Gram negative

Samples Listeria monocytogenes  Staphylococcus aureus H3ddlic  Citrobacter freundii
EO1 10 11 15 11
EO2 - 10 - -
EO3 08 10 07 11
EO4 07 13 - 10
EO5 - 10 - -
Streptomycin 08 11 20 22

(-) non-activity; 7< 1Z <9.9mm: Lower activity; 18 1Z< 11.9 mm: modest activity; 12 < IZ< 15mm: Highactivity.

It is clearly that all EO exhibited antibacteriattimities, but with different specificity. EO1 andO3 showed
antibacterial activity against all bacterial stsaitested (Table3). However, EO2 and EO5 showedanttrial
activity only against the gram-positive bacteB@mphylococcus aurey3able 3). On the other hand, EO4 was not
active against the gram-negative bactdfgcherichia coli but showed antibacterial activity against theeoth
bacterial stains. These finding are different fritvat reported by Ullah et al (2012)and Teixerialet2013), where
EO from peelcitrus sinensisgrown in Pakistan and EO from peel of grapefruid &mon had no antimicrobial
activity against thé. coli gram-negative bacteMa?®. Similarly, Chanthaphon et al (2008) showed thiag@m-
negative tested includin§almonella spand E. coliO157:H7 were resistant to EO from peel oitrus grown
Thailand at the concentration tested (200pdffl)

4. Antifungal activity:

Our EO were tested for antifungal activity, agaibstding yeast3accharomyces cerevis)aeells. Cells were
cultured in the presence of 100ug/ml each EO asdyasl for growth inhibition in liquid culture assdeibed in
Materials and methods. The results are show irrdityu

104
== C(ontrol

8- - EOs2
g -4 EOs3
= 6 ¥ EOs4
E ©- EOs5
= 44
a

24

0 T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24
Time(h)

Figure 2:Citrus Aurantium peel EO effect against cé# growth rate of the yeast ofSaccharomyces cerevisiae, 100pg/ml in DMSO

All the EO showed a significant inhibition of cgjtowth rate of yeast (Figure 2). This result isiEmto other
studies, where strong antifungal activity of citEe® and essences agaifstccharomyces cerevisia@as observed
[27-28]. EO from citrus grown in Algeria showed alsantifungal activity against stains such as Fusayi
Aspergillus, Penicillium, Alternia[18, 29]. Considdle studies on antifungal activities of EO congus were
previously reported. Kurita et al (1981) testedifangal activity of different EO components, such aiphatic
aldehydes in which there is one or more double bamhjugated to their carbonyl group, as Perillajdie. Those
components showed higher antifungal activity, umlikrtiary alcohol such as linalool which does imhiibit the
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growth of any fungi. In addition, seven hydrocarba@mong them D-limonene,-pinene and3-myrcene were
examined and were almost ineffective in inhibitthg growth of any of the fungi employed at a comegion of as
high as 2mM[30]. In contrary, Ré&it et al (2003) showed that limonene possessed atditid and antifungal
activities[31].

CONCLUSION

Generally, citrus EO are complex mixtures, conttidu by monoterpenes, oxygenated monoterpenes and
sesquiterpenes. They originate from the plant stegnmetabolism and are responsible for their attaristic
aroma. Many factors influenced yields and chemicaipositions of essential oils such as seasonnglryi
temperature pretreatment, extraction methods. Thas®rs have direct effect on antifungal, antibael and
antioxidant activities as a result of chemical cosipion variation. Biological activities of esseaitbils complex
mixtures cannot easily be explained through thadif a single or few molecules.

Eastern Moroccan pe€litrus aurantiumgQ is rich in monoterpenes in which limonene ifthe predominant
compound. Drying pretreatment on peel influencesldyiof the essential oils on the one hand and hsrical
compositions and percentage in the other hand e¥sential oils showed antibacterial activity aga®sm (+) and
Gram (-) bacteria, and also effect of essentiad oih Saccharomyces cerevisigeast in which present higher
antifungal activity. Essential oils don’t show andidant activity.
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