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ABSTRACT

This work explores underutilized peels and seeds lemon (Citrus limon L) extracts for their phenolic contents and in
vitro antimicrobial activities. In this study, phenolics and flavonoids contents were found to be more present in the
peel extract (30.10 +2.98 mg of GAE/g) and (19.78+0.10 mg ofQE/g) respectively compared to the seeds extract
(14.51 +1.22 mg of GAE/g) and (0.12+0.009 mg of QE/qg) respectively. Phytochemical study showed the presence of
guercetin in both extracts as gallic acid was identified only in the peels extract. The antimicrobial activity of peels
and seeds extracts was tested against six pathogen bacteria and one fungal strains using disk diffusion method.
Results of this research indicated that peel extract presented an important activity on all tested strains, that gram-
positive bacteria were more susceptible than gram-negative bacteria. The most susceptible gram-positive bacteria
was Staphylococcus epidermedis with 31mm diameter of inhibition zone. Exceptionally Saphyl ococcus epidermedis
and Pseudomonas aeroginosa that showed zone of inhibition against seeds extract with diameter of 9mm, 11mm
respectively. So, the peel extract had an inhibitory effect more than seeds extract. It could be concluded that peels
extract of this plant can be explored as an economically viable source of naturel antimicrobials which can be used
as an alternative for antibiotics.
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INTRODUCTION

Even though pharmacological industries have prodilwenumber of new antibiotics in the last threeades,
resistance to these drugs by microorganisms hasased. In general, bacteria have the genetidyatolitransmit
and acquire resistance to drugs, which are utilezdherapeutic agents [Hor a long period of time, plants have
been a valuable source of natural products for famiimg human health. Many plants have been useduse of
their antimicrobial traits, which are due to compds synthesized in the secondary metabolism opldnat. These
products are known by their active substancespllemolic compounds) [2].

Lemon is an important medicinal plant of the famiRytaceae, which are having anticancer activitied the
antimicrobial potential in crude extracts of di#fat parts (leaves, peels, seeds and flower)[3tu€ifruits are
mainly used by juice processing industries whike pleels are generally wasted. During the processingrus fruit
for juice, peels are the primary byproduct, thehbigg amount of flavonoids (a major group of citeesondary
metabolites) occurs in the peel which are very maher plants[4, 5, 6].

Since there is an increase in the number of atitbiesistance pathogens, there is always a sedr@h alternative
drug that is regarded as safe. Citrus peels ifgntde have antimicrobial activity, they can alsaused in some food
industry which generates large peel wastes asdgoeservative. The aim of this study was to evaltize potential
of plant extracts and phytochemicals on standaataorganism strains by using disk diffusion methiddrein we
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have developed a comparative study between pediseads crude extracts in order to understand wdfithem
are preferable for antimicrobial activity.

MATERIALS AND METHODS

Plant material

Citrus limonL peels and seeds were collected locally from Crdgfon in Algeria in 2013. They were identified by
National Institute of Vegetal Protection. After gy in a shadow at room temperature, the peelsserds were
grinded into powdered form.

Preparation of peels extract(PE)

3g of the dried sample were weighed and extracyestitving with 50 mL of methanol at 25°C at 150rfor 12 h
and filtered through Whatman N°4 paper. The residas then extracted with one additional 50 mL porf the
methanol. The extract was evaporated to drynessetissolved in methanol at a concentration of 20 mL, and
stored at 4°C for further use [7]. The extractidgldywas 14.97%.

Preparation of seeds extract(SE)

The seeds were washed and dried at ambient teraperatthe darkness until used. The seeds werlyfgreund. 3

g of this ground material was extracted by stirnwith 30 mL of pure methanol for 30 min. The extra@s then

kept for 24 h at 4 °C, filtered through a WhatmahdNfilter paper to obtain a 25 ml final volume aporated under
vacuum to dryness and stored at 4 °C until analj@ed he extraction yield was 1.94%.

Determination of total phenolic content

Total phenolic contents (TP) were assayed using-ttia-Ciocalteu (FC) reagent, following the methelich was
described by [9].40 ul of properly diluted fruitteact solution were mixed with 1.8 ml of FC reagéltte reagent
was pre-diluted, 10 times, with distilled watertékfstanding for 5 min at room temperature, 1.2f{7.5% wi/v)
sodium carbonate solution were added. The finatunixwas shaken and then incubated for 1h in thiendas at
room temperature. The absorbance was measuredraggeatometrically at 765 nm. A calibration curve swa
prepared, using a standard solution of gallic 4éG4). Results were expressed as milligrams of Glivalents per
gram of plant powder. Samples were prepared ilidsife for each analysis, and the mean value afrblasice was
obtained.

Determination of total flavonoids content

The flavonoids content in extracts was determinpdc8ophotometrically using an aluminum chloridethoé

involving the formation of flavonoid-aluminum conel having the absorptivity maximum at 430 nm [I0nl of

diluted sample was separately mixed with 1 ml of &4minum chloride methanolic solution. After ination at

room temperature for 15 min, the absorbance ofehetion mixture was measured at 430 nm. A caldmmaturve

was prepared, using a standard solution of quer¢&tt). Results were expressed as milligrams ofeQvalents
per gram of plant powder. Samples were preparedpiicate for each analysis, and the mean valuabsorbance
was obtained.

Phytochemical study

A high performance liquid chromatography systeml(8pPwas used to determine the contents of phewdlfeels
and seeds extract. Chromatograph which was usRB-idPLC-C18 reserved phase, equipped with following

- Column (125 x 4.6 mm) packed closely by the apstationary phase (consisting of silica graftedrésidue to
C18);

- The mobile phase is constant composition: metihaater (60:40 v/v)[11];

-A pumping systemfor movingthe mobile phase withighltpressure (flow rate 1ml/min);

- The injector is used to introduce the sample theosystem (Injection volume = 20ul);

- A UV detector at a wavelength of 254 nm;

- Finally, computer software used to view the sigmacorded by the detector;

- Temperature setting at 25°C.

Test Microorganisms and Preparation of standard culure inoculums of test organism

Microorganisms used in the present study were obthirom the laboratory of microbiology (Antibicdicgroup —
Medea, Algeria). Six species of bacteria were tedischerichia coli (ATCC 10536),Pseudomonas aeroginosa
(ATCC 27853),Sarcinalutea (Pasteur Institute, Algeriajtaphylococcus aureus (ATCC 25923),Bacillus subtilis
(ATCC 6633),Saphylococcus epidermedis (ATCC 12228) and one fungal strafdandidasalbicans (ATCC 10231).
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Microbial strains tested were cultured in nutriagar. After 18hours of incubation at 37°C, micrblsiaspensions
with an optical density of 0.5 McFarland (1.5 X2 XOFU/ml) were prepared for each microorganism inmilQof
sterile distilled water [12].

Antimicrobial activity assay using disk diffusion method

The antimicrobial activity of peels and seeds etgavas determined through the agar disk diffui®j, briefly,
Muller Hinton (MH) agar poured in sterilized pettishes was culture with a standardized inoculuriss k 16
CFU/ml) of each bacterial strains while the stadid inoculum of fungal strain was cultured in @atoud agar.
Then the filter paper disks (6mm in diameter) conpecific amount of extracts were placed ontoapar plates.
Before incubation, all petri dishes were kept ifrigerator (4°C) for 2h and incubated after at 370€ 24 h for
bacteria growth and for 48h for fungal growth. Tdiameter of inhibition zones were measured in mm e
results were recorded. Inhibition zorel2mm were considered as good inhibitory effecextfact [14, 15].The
minimum inhibitory concentration (MIC) was determéh

Determination of minimum inhibitory concentration (MIC)

The CMI was determined only for the most activeaaots recorded during the study in solid mediuml{ding the
inhibition diameters> 12mm). This method allows the determination of M&C from a range of extract
concentrations in the culture medium. Accordinghi®e method of [16]. Serial dilutions of geometratio 2 were
made with Dimethylsulfoxyde (DMSO) from the initiablution (final concentration of 10 % = 0.1 g/rof) each
extracts. 2ml of each dilution was incorporated iBB8 ml of medium MH (bacteria) or Sabouroud (ygastpt
super cooled. The range of final concentrations titained was 0,5 — 0,25 — 0,125 — 0,0625 — 0,630,D156 —
0,0078 — 0,0039 — 0,0019 et 0,0010 %. After satidifon, mediums (MH, Sabouroud) contain the extrac not
(control) were inoculated on the surface in degosft1lul of microbial suspension. Petri dishes weosbated at
37°C for 24h for bacteria and 6 days for fungalvgto The MIC was defined as the lowest concentnatibextract
for which no growth was visible compared to thetoolinvithout extract.

Statistical analysis
The experimental results were expressed as mean(Staktard error of the man). Data were assess@dNVA.
Tukey’s test was then applied using XL Stat Prosafiware. A p value 0f<0.05 was considered tothéssically
significant.

RESULTS AND DISCUSSION

Total phenolic content (TP) of the peels was 3&2®8 mg of GAE/g, while it was14.51 +1.22 mg of &4 for
seeds extract. Therefore, peels extracts had @&hjghlyphenol contents when compared with seedacxtPeels
TP content of 87.77+1.42 mg of GAE/g and 158.792d of GAE/g were found by [7] and [17]respectively
Seeds TP content of 98.23+0.84 mg of GAE/g wasddun[17].

Total flavonoid content (TF) levels in peels anddseextracts were 19.78+0.10 mg of QE/g and 0.1®0mg of
QE/g respectively. Peels extract had also the BighE content than seeds extract.[17]found theofiaid levels to
be 19.95 £ 0.45mg of QE/g for seeds extract, wiiiBjfound a TF levels to be 11,9 + 0.66mg of QHdg feels
extract.

The correlations between TP and TF assays wereé3 @88 0.999 for peels and seeds extract, resphgtivhich
were highly significant at the 0.01 level. Thessults indicate that the flavonoids are an imporfamnolic group
representing the antimicrobial capacity of peels$ seeds extract.

Phytochemical study

Four pure phenolic compounds (gallic acid (GA)ijcsdic acid (Sal), vanillin (Van) and quercetin (Bvere used
in the HPLC analysis as controls. Their chromatograre shown in Figure 1 and their retention tiff@ in Table
1. The results of the RP-HPLC-C18 analysis extragtsshown in Figure 2. Some substances were figehith our
extracts by comparison of the samples with thogd@thromatograms of the pure substances (thgir Tr

Table 1: Retention time of various phenolic contrd obtained by HPLC separation

Standards | Tr (min)
Gallic acid 1.992
Salicylic acid 2,933
Vanillin 4,333
Quercetin 2,892

The results showed that both extracts (peels agdissextract) contain quercetin, a flavonoid whknown by its
antimicrobial activity that resides in the inhibiti of expressing the DNA gyrase and synthesis eketizymes and
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membrane proteins [19], but the gallique acid walg present in the peels extract, this componeatss known by
its antimicrobial effect[20, 21].
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Figure 1:Chromatograms of the standards used in th&lPLC (A: GA; B: Van; C: QE; D: Sal)
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Figure 2: Chromatograms of the HPLC of the both extacts (E: Peels extract; F: Seeds extract)

Antimicrobial activity

The antimicrobial activity of peels and seeds etsraof Citrus limon L were assayed against six positive and
negative bacteria and a fungal strain by disk difin method and the results of inhibition zonesehskown in
Table 2.

Results of this research indicated that peels eixtrfathis plant had inhibitory effect more thareds extract (Figure
3). ExceptionallyStaphylococcus epidermedis and Pseudomonas aeroginosa that showed zone of inhibition against
seeds extract with diameter of 9mm, 11mm respdygti¥égure 4). The peel extract presented an inguiractivity

on all tested strains, that gram-positive bacter&xe more susceptible than gram-negative bact&ha. most
susceptible gram-positive bacteria waaphylococcus epidermedis bacteria responsible for the cutaneous, urinary
and nasal infections with 31mm diameter of inhdyitzone (Figure 4).

Despite the great resistance against antibioti2 Pseudomonas aeroginosa presented a high sensitivity with peels
extract with 20mm diameter of inhibition zone (Fig4) and in the case @andidas albicans, yeast responsible for
opportunist oral and genital infections in humathg, results were spectacular (diameter of 30mmveéver, no
anticandidosique activity was observed with thedsexxtract.

Susceptibility difference between gram-positive ajmdm-negative bacteria may be due to cell wallicstral
differences between these classes of bacteriagitm-negative bacteria cell wall outer membranesappto act as
a barrier to many substances including antibiof3]. Optimal extract efficiency is not only due meain active
compounds, but the combined action (synergy) ofvir@us compounds at the origin of this extraef] [For this,
comparison individual case of the antimicrobiaiatt of these two extracts based on the deterrionaaf a single
active compound seems unnecessary.

According to our results, the peels extract prestat good antimicrobial agent which is confirmedttey work of

2].
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Table 2: Diameter of inhibition zones (mm) of variais pathogenic organisms by the crud extracts @itruslimon L

Strains
Extracts | Escherichia Pseudomonas Staphylococcus Bacillus Staphylococcus Sarcinalutea | Candida
coli aeroginosa aureus subtilis epidermedis albicans
Peels 20 20 22 20 31 21 30
Seeds 0 11 0 0 9 0 0
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Figure 3: Comparative sensitivity of peels and sesdextracts ofCitrus limonL
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Figure 4: Examples of the effect of the peels an@esds extracts on microbial growth
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We bring back in Table 3 the MICof the most actixdract (peels extract) noted at the time of thelystin solid
medium, whose diameters of inhibition are equadrttiigher than 12 mm.[25]proposed a classificatbextracts
of plant material on the basis of the results o€\és followed:

- Strong inhibition: MIC less than 500ug/ml.
- Moderate inhibition: MIC ranges from 600 to 15@0ml.
- Low inhibition: MIC greater than 1600ug/ml.

Thus, according to this classification and accaydim the results of the MIC, it shows that the pesittract had a
broad antimicrobial spectrum with doses rangingf2600 L g/ml to 5000ug/ml.

Table 3: MIC (expressed in pug / ml) of the Peels #act (whose diameters of the inhibition zones are 20 mm) on the bacteria tested

Strains
E Escherichia Pseudomonas Staphylococcus Bacillus Staphylococcus Sarcinalutea | Candida
xtract ; ; - ] ) ]
coli aeroginosa aureus subtilis epidermedis albicans
Peels 5000 5000 5000 2500 2500 2500 250
CONCLUSION

The phytochemical results showed that both extrgm¢els and seeds extracts) contain flavonoidtlaesive
substances which can inhibit the growth of différéypes of bacteria citingaphylococcus aureug26]and
Escherichia coli[19].

The results of this work suggest that peels exwh€litrus limon L have a broad spectrum of antimicrobial activity,
which can be used as an alternative for antibiot@ever, this peel extract should be investigatedvo to better
understand its safety, efficacy and properties.
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