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ABSTRACT

The present study deals with the evaluation of ithevitro antioxidant and antibacterial
activity of phenolic extracts and essential oils tefo medicinal and aromatic plants
Zygophyllum album andMyrtus communis by using the 2,2- diphenyl-2-picrylhydrazyl radical
total antioxidant power and agar diffusion methadsl minimum inhibitory concentration
(MIC) determination. Moreover, the extracts werevestigated for their polyphenolic,
flavonoids, tannins and anthocyans content by usiad-olin-Ciocalteu assay, the aluminium
trichlorid method, reaction with vanillin and coleter method based on differentiation of
absorbance, respectively. The results showed tmathighest antioxidant capacity was
exhibited by the aqueous extractMfrtus communis with ICse= 29,080mg/ml. All extracts
possessed more or less antibacterial activity agdire tested Gram- positive and Gram —
negative bacteridacillus subtilis andE.coli were the more susceptible microorganisms to all
extracts and essential oils. Pronounced antibattactivity was observed by the methanolic
extract ofZygophylum album (MIC value=25 pg/ml). Morever, the results showbdt the
phenolic compounds and flavonoids were abundaktyirile aqueous extracts.
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1. INTRODUCTION

There is a popularity and scientific interest tceget essential oils and extracts of plants used
medicinally in all over the world [1]. The main abille constituents of the essential oils have
been used historically in the pharmaceutical, faod perfume industries because of their
antibacterial properties, culinary and fragranespectively. Antioxidants have been widely
used as additives to avoid the degradation of foAtk®, are compounds that react with free
radicals, neualizing them and thereby preventingesiucing their damaging fects in the
human body [2]. Lipid oxidation is so responsilie deterioration of fats and oils resulting in
change color, flavor and nutritive value, while @tide stress is involved in the pathogenesis
of numerous diseases.

The problems regarding application of conventionatibiotics, including antimicrobial
resistance, environmental problems, cancerogersige effects and high costs, have
reinforced a tendency to replace synthetic antiolieds with natural alternative agents [3].
Plant based products are among the alternative tagexamined in order to replace
conventional antibiotics. Accordingly, extensivesearch has been carried out in order to
evaluate the antimicrobial effect of the essertilsl and extracts which showed the ability to
inhibit the growth of various pathogenic microorggans [4].

With that in mind, the halophyt@ygophyllum album L. (Zygophyllaceae) might be of
interest. This species has long been used in imadltmedicine as a remedy for rheumatism,
gout, asthma and as diuretic. Nowadays, it is si#d against aches and thirst, for wound
care or treatment of dental caries, and to wasthesoand hair. Some phytochemical data on
Z. album have been reported [5], although the chemical caitipa and biological activities
of Z. album have not been fully elucidated.

Myrtus Communis L. is an evergreen shrub belonging to the Myrtacaagly that grows wild
around the Mediterranean region. It is commonlyvikm@s myrtle. Its leaves are pleasantly
scented making it valuable for the perfume indudtrizgas white star-like delicate flowers and
the fruit is a round, dark-blue berry containing gseeds. Many medicinal and nutraceutical
properties have been attributed to myrtle, whick haen used since ancient times in folk
medicine. It is traditionally used as an antisepind wound healing, disinfectant,
hypoglycaemic agent, with anti-hemorrhagic, antnoiical and antioxidant properties [6].
Here, we report the composition and antibactenal antioxidant activity of the essential oil
and various extracts dlyrtus communis andZygophylum album from Algeria as well as total

phenolics, total flavonoids, condensed tannins,tatad anthocyans of these plants.
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2. EXPERIMENTAL

2.1. Plant material

Myrtle (M. communis var. italica L.) aerial parts were collected a flowering stage in July
2014 from Honaine region (North East of TlemcentwdsAlgeria. In the case df.album;
fresh aerial parts were collected in August 201dmfrSidi Khouiled region (sahara of
Ouargla).

The sampling was done by a randomized collectiobtbef0 shrubs and sub-shrubs in an area
of about 200 rheach. Myrtle leaves, and areal partZ@lbum were isolated manually in our
laboratory to obtain a weight of 500—700 g of eaeint. Botanical identification of this
species was carried out according to AfricairwBong plants database and by local experts.
2.2. Bacterial strains

The bacteria used in the antibacterial tests wdbeam-positive Bacillus subtilis,
Saphylococcus aureus, clostridium sp.) and Gram-negativeE(coli, salmonella typhi and
Shigella sp.)

All strains isolates from different environnemeatl, bacterial strains have been provided by
Laboratory of Microbiology, Faculty of Biology, atdhiversity of Mascara, Algeria.

2.3. Essential oil isolation

The plant samples were separately water distithe@l Clevenger type apparatus for 3 h (time
fixed after a kinetic survey during 30, 60, 90,1280, 180 and 210 min). According to the
method recommended by the French standard meth&tDRF(2000), all experiments were
done in triplicates and results were expressederbasis of dry matter weight. The essential
oil was stored at 4 C in the dark.

2.4. Polyphenols extraction

The plant materials was dried at ambient tempezadad stored in a dry place prior to use.
The plant was washed well with water, dried at raemperature in the dark, and then ground
in an electric grinder to give a coarse powderthis study, samples were extracted by
decoction (10%), maceration with ethanol (8%) apdxXtraction with solvents of increasing
polarity (Dichloromethan and methanol/soxhlet) noetth[7,8].

2.5. Phytochemical screnning by colometer method

All plant extract were tested for the presenceifiéent families of compounds according to

methods reviously described [9], [10].
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Table 1.Phytochemical screnning of phenolic extractZygophylum album andMyrtus

communis

Myrtus communis Zygophylum album

Aqu.E Eth.E DCM.E MetE Aqu.E Eth.E DCM.E MetE

Alcaloids +++ - - - - - - +

Free + - - - - - + -
anthraceniq
derived

anthraquinons - - - - - - - -

C-hétérosides + + + + + + - ++
Anthocyanes +++ + + + - - + +
Saponins - +++ - - +++ + + +
Tannins +++ - - - + + ¥ n
Flavonoids +++ - - - + - + +

According to the screnning results and based omrith@ess on compounds, two phenolic
extracts were selected for study; aqueous extifagtyotus communis and methanolic extract
of Zygophylum album

2.6. Polyphenols analysis

The total phenolic in extracts content was deteechirby spectrometry using “Folin-
Ciocalteu” reagent assay [11]. Gallic acid wasduss a standard for the calibration curve.
The total phenolic content was expressed as nahigr of gallic acid equivalents per gram of
dry weight (mg GAE/g DW).

2.7. Condensed tannin content

Condensed tannins were transformed by the reaatith vanillin to anthocyanidols.
Condensed tannin contents of each organ (threeaggs per treatment) were expressed as
mg catechin equivalents per gram (mg CE/g) thrahgtcalibration curve with catechin.

2.8. Total flavonoid content

Total flavonoid content was measured according ®).[Total flavonoid contents were
expressed as mg catechin equivalents per gram @hg) C

2.9. Total anthocyans content

Total anthocyans content was evaluated by colorimeting a UV-visible spectrophotometer
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The concentration of anthocyanin pigment in therasttis expressed in mg equivalent
cyanidin-3 glucose per liter of solution or mg ganidin-3 equivalent glucose / g dry matter
(Cg/ gdM) [13].

2.10. Antioxidant activity assays

DPPH scavenging assay

The hydrogen atom donation ability of chemical comms in leaves and stems was
measured on the basis to scavenge the 2,2-diplepigikylhydrazil free radical [21]. Fifty
microliter of various concentrations of the extsact methanol were added to 1950 ul of a
0.025 g/l methanol solution DPPH. After a 30-minubation period at room temperature, the
absorbance was read against a blank at 515 nm. OffeHadical scavenging activity in

percentage (%) was calculated using the followorghula:
DPPH scavenging activity (%) = fAnc- AsampidAblangd. 100

Where: Ajank IS the absorbance of the control reaction (comtgiall reagents except the test
compound), AamplelS the absorbance of the test compound.
Extract concentration providing 50% inhibition (&Cwas calculated from the graph plotted
of inhibition percentage against extract conceitnast The ascorbic acid methanol solution
was used as positive control.
Total antioxidant power
During this test, hydrogen and electron is trameferfrom the reducing compound
(antioxidant extract) to the oxidant complex (PPMhis transfer depends on the redox
potential of pH of the medium and the structur¢hefantioxidant compound.
The method comprises introducing 300 .ul of theasttof the leaves mixed with 2.7 ml of a
reagent consisting of430, (0.6 M), NaHPO, (28 mM) and ammonium molybdate (4 mM).
The tube is then incubated at 95 ° C for 90 minukdter being cooled, the absorbance is
measured at 695 nm. The control consisted of 3D0f.methanol mixed with 2.7 ml of the
reagent mentioned above; the calibrators, contmotssamples are incubated under the same
conditions. The results are expressed in mg ofcgadlid equivalents per gram of dry material
(mg E AG/g Ms).
2.11. Antibacterial activity assays

» Bacterial strains and Antibiotic susceptibility teg
The antibiotic discs Amoxicillin (AX 30pg) severdlacterial strains were isolated from
different environments and subjected to disk diinsmethod using 06 different antibiotics
according to [14]. The antibiotic discs Amoxicilli(AX, 30ug), Oxacillin (OX, 5ug),
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Cefazolin (CZ, 30ug), Gentamycin (CN, 10ug), péimc{P, 30 ug), and Spiramycin (SP, 10
1g) were used and the susceptibility was determiyetthe inhibition zone in mm [14]. In the
end, seven strains were selected for their anttbiesistancé\ccordingto the standardization
of susceptibility in human medicine at the natiolelel, and the recommendations of the
Committee on Antimicrobial the French Society forcMbiology (2008): three of them from
Meslam Taib Hospital, Mascard.(coli, Saphylococcus aureus, Enterococcus faecalis),
three from wastewaterSglmonella typhi, Shigella sp, Bacillus subtilis) and the last one

(Clostridium sp.) from the great Sabkha Oran.

Table 2. Antibiotic resistance profile of tested bacteriahss

P AX OoX Ccz SP CN

Escherichia coli R R R R R R
Salmonella typhi R R R R R R
Shigella sp. R R R R R R
Bacillus subtilis R R R R R R
Clostridium sp. R R R R R I
Staphylococcus aureus R R R R R I
Enterococcus faecalis R R R R R R

R: resistant;l:intermediate

» Disc diffusion test

Antimicrobial activity was determined by the agasaddiffusion assay [15]. Inoculm for the
assays were prepared by diluting scraped cell ma&85% NacCl sterile solution, adjusted to
McFarland scale 0.5 and confirmed by spectrophotomeeading at 580 nm. Cell
suspensions were finally diluted to®1GFU /ml. The extracts were dissolved in dimethyl
sulfoxide (DMSO) or distilled water. Petri plategns prepared with 20 ml of sterile Mueller
Hinton agar (Sigma, Paris, France) surface inoeudgt suspension of cell (200 ul). The test
cultures were swabbed on the top of the solidifreetlia and allowed to dry for 10min. The
tests were conducted at a concentration of thalestphenolic extract (100mg/ml) and
essential oils (250 pl/ml) dfl.communis andZ.album in Sterile filter paper discs (6 mm). The
loaded discs were placed on the surface of the umedand left for 30 min at room
temperature for compound diffusion. The plates wecebated at 37C for 24 h. Gentamicin
(10ung) and oxacillin (30pg) was used as positivetrods. Negative controls were performed
using paper discs loaded with 20 pl of the aqu&ivSO.
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The antimicrobial activity was evaluated by measgrrithe zone of growth inhibition
surrounding the discs. After that, the inhibitioones were measured in millimetres by
Vernier callipers. All tests were repeated two sn@ minimize test error. An inhibition zone
of 14 mm or greater (Including diameter of the yis@s considered as high antibacterial
activity [16].

* Determination of MIC by Microdilution Method
MIC of the compounds under study was determinethbymicrodilution method as described
by [17]. All wells were filled with 50uL of Muller Hinton broth (MHB). Extracts were
dissolved in DMSO and added to the first well (B0. Serial two-fold dilutions were made
then. An over-night culture of bacteria suspenadeHB was adjusted to turbidity equal to
0.5 McFarland standards so*10FU™ of bacterial inoculums size. Each test included two
growth controls consisting of the medium with th@lvent (DMSO) and medium with
bacterial suspension. Each plant extract was rulupiicate. The test plates were incubated at
37°C for 18 h. Then the turbidity was measured ew@i0 hours using micro-plate reader
(TECAN brand at 620 nm wavelength. The MIC was taken as themum concentration of
the dilutions that inhibited the growth of the testroorganism.
2.12. Statistical analyses
All extractions and determinations were conductettiplicates and results were expressed on
the basis of dry matter weight. Data are expresseshean + SD. The means were compared
by using the one-way and multivariate analysis afiance (ANOVA). The differences

between individual means were deemed to be sigmifiat p < 0.05.

3. RESULTS AND DISCUSSION

3.1. Extraction yields

The yield of decoction for aqueous extractvbEommunis was 24.65% (w/v) and was about
0.52+0,03% (w/v) for the essential oil wich is vérgher than the yiels of methanolic extract
of Z.album 25,03+0,1% and 0,05+£0,8% for The essential ohatl a pale white/yellow color
with a strong musk and floral odour. It was difficto recover it because of its doughy and

grassy aspect.
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yields %(w/w)
25 -
20 -
EO.Z.album
15 - B Emet.Z.alb
10 - EO.M.comm
B Ag E.M.com
5 -
E 4 [ y
O T T T 1
EO.Z.album Emet.Z.alb EO.M.comm AqE.M.com

Fig.1.the yield of different extracts of plal
3.2 Phenolic compound conter

Table 3. Total phenolic flavonoids, tanninand anthocyans contt

Total Phénols Total Condensing  Anthocyans
(mg  GAE/g flavonoids tannins(mg (mg Cg/ g dMY
DW? (mg EC/g EC/g DW)°

DW)®

7 album Met.E 6,766+0,62 1,610+£0,020 4,349+0,569 1,80+0,01

M.communis AQU.E 12123+0,7.  7,256x0,57  18,7840,86  11,79%0,30

% mg acid galic equivalent/g dry weic. ¢ :mg catechirequivalent/g dry weigt®: mg E
cyanidine-3 glucodegy dry weigh

Table 03 summarises the results from the quam@atetermination of the tannins, flavono
and proanthocyanidins of the different phenolicraots of Z.album and M.communis and
their respective total phenol contents. Total phamd total tannin contents were determil
as gallic acid equivalents in milligrams per gramg(GAE/g) while total flavonoid an
condensed tannin contents were calculated as categuivalents irmilligrams per gran
(mg CE/g). The total phenol contents varied betw&entwoplants: Myrtle aqueou extract
had higher total phenol content (121.67 mg GAEhgnt methanolic extract ¢Z.album
(6.766 mg GAE/Q).

A study by [18Fhows that the content of the higher total phenals noticed in the leaves
myrtus var. italica (33.67 mg GAE / ¢,These levels are lower than our results againshé
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content of total phenols leaves Myrtle Greece isimiigher compared to our plant, it is of
the order of 373 mg GAE / g

Concerning total flavonoid and condensed tannirtezts, the highest values were observed
in M.communis (7.25and 18.78 mg CE/g, respective8ignificant differences were also
found in anthocyanins contents among different tglarepresenting 11.79 mg Cg/ g dM) in
M.communis, 1,80 mg Cg/ g dM) iZ.album.

3.3. Antioxidant activity

Table 4.antioxidant activities of the essential oils an@mpblic extracts of plants

Total antioxidant power
DPPH (ICs, pg/ml)

(mg /g DW)
Z.album 1107,031+1,55 10,99+11,43
Phenolic extract
M.communis 29+0,80 68,05+7,55
Z.album 6018+0,20 2,44+9 14
Essential oil
M.communis 615+1,13 36+1,22
Synthetic Ascorbic acid 39,53+0,05 -
antioxidant BHT 250,20 -

ICso value: the effective concentration at which theicdant activity was 50%; ; 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radicals were seaged by 50%; ; values are given as
mean = SD (n = 3); means with different capitaldetvithin a row are significantly different
(P <0.05).

Free radical scavenging properties of phenolicaextrand essential oils from the two plants
are presented in Table 3. Lowerj@alue indicated higher antioxidant activity. Tregpiaous
extract of myrtle leaves (Kg= 29+0, 80) showed higher scavenging ability orPBIRadicals
when compared to those reported for essentialddileaf (IG, = 600 Ig/ml). In addition,
DPPH scavenging ability of the aqueous extractaytle leaf was approximately same with
that of synthetic antioxidant BHT (§g= 25 pg/ml). Unlike toZ.album, its represent a very
lower antioxidant activity(1Cs50-6016, and 1017,031) for the essential oil and nmetiha
extract respectively. The antioxidant activity dfemolic extracts and essential oils of the two
plants was also evaluated by the total antioxigamter method (Table 4). As for antiradical

scavenging activity, all phenolic extracts of p&afiCso = 29+0,80 pg/ml foM.communis,
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IC50=1107,031 pg/ml foZ.album) showed higher of the total antioxidant power tkizat of
essential oil.

The stronger activity ofM.communis should be related to its higher phenolic content
(121.23mg/l) as measured by gallic acid test (T&pleAntioxidant activities of the essential
oils and the phenolic extracts from myrtle and plgdum plants were tested by the DPPH
radical scavenging, and total antioxidant poweragssOur results showed that all phenolic
extracts of plants showed higher scavenging abdityDPPH radicals when compared to
those reported for essential oils. In addition, BIPfavenging ability oM.communis was
higher than that oZ. album plant suggesting the presence of specific bioactomponents in
these two organs that may be responsible for thmxagant activity. Thus, it has been
reported that free radical-scavenging activity ieeagly influenced by the phenolic
composition of the sample [19].

3.4. Antimicrobial activity

Antimicrobial activity was assayed against seveth@gen bacteriaS aureus, clostridium
sp., E. fecalis, S typhi, E. coli, shigella sp., and B. subtilis). These microorganisms have
different growth properties. The results of disdfudiion test and minimum inhibitory
concentration of essential oils are listed in Tale4 and figure 2Z.album showed some
activity on Gram positive and Gram negative baatenile M.communis was found to have a

low activity. The higher efficacy a.albumwas confirmed by the agar dilution method.

Table 5. Disc diffusion test

Inhibition diameter (@ mm)

S. aureus E. coli Shigella Salm.typhi clostri  B.subt
_ E.O 07+0,2 07+0,01 07+0,2 09+0,02 09+0,01 08+0,3
M. communis
AQ.E 10+0,07 09,5+0,02 10+0,1 08,5+0,03 10+0,01 11+0,01
2 alb E.O 11+0,1 08+0,3 09+0,05 10+0,06  09+0,05 100,03
.album
Met.E 09+0,06 15+0,05  10+0,03 09+0,03  11+0,2 14+0,01
Oxacillin 5ug - 13+0,2 - - - -
Gentamicin 10pug 20+0,1 30+0,02 9 - 10 10

- :No inhibition zone.

All phenolic extracts and essential oils showedaaymg degree of antimicrobial activity
against bacteria.F&.album ; the methanolic extract was the most effectindhe different

strains than the essential oil and exhibited angeo antibacterial activity againgtcoli and
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B.subtilis (11-14mmrepectively this can be proved by the study of [2@{ch found that the
methanolic extract oZygophyllum quatarense exhibited the highest antibacterial effi
followed by the chloroform extrac, In the case aWl.communis, this plant had a variat and

significantantibacterial activity Selon [21,22], predominant materialsthe essential ¢ are
also known for their antimicrobial activi Alcohols, aldehydeand esters can contribute

the overall antimicrobial effect of essential c[23]. Monoterpenes such -pinene and
limonene are among the major components that ¢wtérito high antimicrobial activity ¢
myrtus communis[24].

These activitiesre related ttheir contents in active compounds, which had a ' range of
biological and pharmacological activi The plant contains also, a class of secor

metabolites which are produced by plants primagya defence against herbivores or &st

infection by microorganism«5,26].

Fig.2. Antibacterial activity of . .alboum and M.commur

1: Methanolic extract oZ.album, 2 : Eseential oil ofZ.album, 3 : Aqueous extract c
M.communis, 4 :Essential oil oM.communis, 5 : ATB (OX5ug €N 10ug.
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Table 6. Minimum inhibitory concentration (MIC %,v/v)

Polyphenols mg/ml Essential Oils pl/ml
M.com Z.alb M.com Z.alb
E. coli 100 25 250 250
S. typhi 100 100 250 125
Shigella sp. 50 50 250 250
B. subtilis 100 50 250 250
Clostridium sp. 50 50 250 250
St. aureus 50 50 250 125

The MIC was (25-100) mg/ml for methanolic extra€tZoalbum, a significant reduction in
growth was revealed after 18 h of incubation. &savere also susceptible to the agueous
extract concentration of thd.communis (50-100mg/ml). HoweveZ.album was more active
than M.communis against all strains especially agaifistoli (25 mg/ml) for methanolic
extract.and phenolic extracts were more actifs #ssential oils with higher MIC.

The results presented in this study (Tables 2 gndr& in line with the small number of
published papers on the effects on bacterial grovfti. Communis and Z.album, With
regard to thevl. communis, have reported the antimicrobial activity of ed&droil of leaves
against SAureus, S. epidermidis, E. coli, B. Subtilis and Serratia Marcescens [27,28] have
demonstrated the activity @album extract against EColi S Aureus and Candida albicans.
However, it is difficult to compare the data withet literature because several variables
influence the results, such as the different chahtomposition due to the environmental

factors (such as geography, temperature, day lengthents, etc) of the plants.

4. CONCLUSION

According to the results, it may be concluded thatextracts of the phenolic compounds and
essential oils ofM.communis and Z.album revealed considerable antimicrobial activity.
Furthermore, the examined extracts have a highcreguactivity and scavenging activity for
DPPH radical in vitro.

These activities were found are probably in refetlop with the structure of the phenolic

compounds and the composition of the essential oils
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