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antibacterial activity of
Lavandula stoechas extract

Phenolic contents of Lavandula stoechas aerial parts and their antioxidant effects were
significantly dependent on the maturity stage of the plant. The maximum polyphenol
content was reached during the vegetative stage in methanol extract with an amount
of 232.77 mg GAE/g DW. At flowering stage, ethanol and aqueous extracts showed
better phenol content. Luteolin 7-O glucoside was the dominant flavonoid in the
methanol extract during flowering stage. Methanol extracts of fructification and flowering
stages have the strongest antiradical activity than those of the vegetative stage. These
extracts showed a higher content of polyphenols and flavonoids than ethanolic and
aqueous extracts. Following a screening, methanol of Lavandula stoechas was selected
for its strong antioxidant (IC;, = 28 pg/ml) and antibacterial (Methicillin-resistant
Staphylococcus aureus, |Z = 25 mm) potentials in flowering stage. Inhibitor effect of the
extracts (methanolic and ethanolic) of three stages on bacteria development give them
an important role in the fields of food industry as an additive in food packaging, and the
cosmetic and pharmaceutical industries.

Keywords: L avandula stoechas, extract, solvent, antioxidant activity, antibacterial activity.

1. INTRODUCTION

Tunisian is located in the Mediterranean region characterised as one of the
world’s highest area of flora biodiversity. In this region, aromatic and me-
dicinal plants are commonly used in traditional medicine as well as modern
pharmaceutical, cosmetics, perfume and agro industries. In the context of
the enhancement of the Tunisian flora, attention was paid to the Lamiace-
ae family. The plant we chose is a “Lavandula stoechas” used in traditional
medicine. The genus Lavandula is an important member of the Labiateae
family (Lamiaceae) and consists of about 28 species, which are mostly of
Mediterranean (2004) origin. In Tunisia, L. stoechas has a fairly limited distri-
bution area in the northwest and northeast, in continental regions or near the
northern coast [1]. For lavender, the area has stagnated at about 10 ha since
2004. This stagnation does not reflect the potential demand on the world
market. Rather, it can be explained by a still timid strategy for developing
exports of this high-potential product.

The lavender species are of great market value due to their pleasant aroma.
The vegetable material and its essential oil are mainly used in perfumery,
cosmetic and food industry. The medicinal importance of the plant is well
documented, and extracts prepared from this plant are energised in many
pharmacopoeias [2]. The extracts of lavender have been reported as having
many biological activities such as antibacterial, antifungal, carminative, anti-
flatulence, antiholic, antispasmodic, anticonvulsant, sedative anti-inflamma-
tory, antioxidant, antihyperglycemic and antidepressive [2-6].

The lavender extract flowers and leaves are extensively used in cosmetics,
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hygiene products, food industry, perfumery and phar-
maceutical preparations with high industrial value
[7,8]. L. stoechas subsp. luisieri and L. pedunculata
can be useful as a new potential source of natural an-
tioxidants and antimycotic agents and can be directly
applied on the composition of dermocosmetic formu-
lations as antiaging products or, as a raw material for
the isolation of bioactive chemical compounds [9].
Nevertheless, no research has been cited concerning
the effect of the phenological stage of this species ac-
cording to the solvent of extraction from Tunisia. The
objective of this study was to assess the potential im-
pact of phenological stages on polyphenol, flavonoid
and proanthocyandin contents and their antioxidant
activity of L. stoechas according to the nature of sol-
vent of extraction and to determine the antibacterial
activity.

2. MATERIALS AND METHODS

2.1 PLANT MATERIAL

Aerial parts of Lavandula stoechas were collected
from EI-Mida region (Nabeul Governorate) at vege-
tative (ST1, 17 November 2018), flowering (ST2, 5
January 2019) and fructification (ST3, 25 Mars 2019)
stages. The plant material was identified by Profes-
sor Abderrazek Smaoui (Centre of Biotechnology of
Borj-Cedria) according to the Tunisian flora.

2.2 POLYPHENOL EXTRACTION

The extraction was done according to the method of
Ceylan et al. [10]. Triplicate samples of 2 g of dry mat-
ter were extracted by mixing with 50 ml of selected
solvent (ethanol, methanol and aqueous). The mixture
was stirred for 6 h and was then kept for 24 hours
at 4°C in darkness. Finally, this mixture was filtered
with a Whatman filter paper (N°4) and concentrated
under rotary vacuum evaporator at 40°C. Finally, the
crude extracts obtained were stored at 4°C until fur-
ther analysis.

2.3 DETERMINATION OF TOTAL POLYPHENOLS,
FLAVONOIDS AND PROTHOCYANIDIN CONTENTS
The determination of total polyphenols (TPC) was de-
scribed by Chaouche et al. [11]. To do this, 100 pl
of the three extracts (ethanol, methanol and aque-
ous) was mixed with 2 ml of a sodium carbonate
(2%) solution were freshly prepared. After vigorous
stirring, the mixture was left to rest for 5 min, and
then a 100 L of the Folin-Ciocalteu diluted reagent
(1/720) was added, the mixture was incubated in total
darkness for 30 min at room temperature. The ab-
sorbance reading was taken at a wavelength of 760
nm. TPH was expressed as mg gallic acid equivalent
per gram of dry matter (mg EAG / g DW) through the
calibration curve with gallic acid.

Total flavonoids (TF) were determined by a colorimetric
method according to Mechraoui et al. [12]. A 125 pL
intake of the three extracts (ethanol, methanol and

aqueous) were mixed with 75 pl NaNO, (5%). After
a rest of 6 min in the dark, 150 pl of freshly prepared
Alcl, (10%) were added, 500 pl NaOH (1M) were add-
ed to the mixture 5 min later. Finally, the mixture was
adjusted to 2.5 ml with distilled water. The standard
range was prepared with quercetin at increasing con-
centrations, allowing a calibration curve to be drawn
after reading the absorbance at 510 nm. TF levels are
expressed in mg quercetin equivalent per gram of dry
matter (mg EC/g DW).

The protocol followed in the extraction of proantho-
cyanidin content was that recommended by Salar
and Purewal [13]. This reaction solution consists of
preparing 1.5 mL of vanillin (4%) reagent, added into
100 L of extracts followed by addition of 750 L of
concentrated hydrochloric acid. The resulting mixture
was vortexed and then allowed to stand at room tem-
perature. After 20 min of rest, the absorbance was
done at 500 nm and the contents of condensed tan-
nins were expressed in mg of catechin equivalent per
gram of dry matter (mg CE/g DW).

2.4 ANALYSIS OF PHENOLIC PROFIL BY RP-HPLC
Twenty pL of pennyroyal extracts were analysed on
a HPLC system (Agilent 1260, Agilent technologies,
Germany). This method consisted of a vacuum de-
gasser, an autosampler and a binary pump with a
maximum pressure of 400 bar. The phenolic com-
pounds were separated on a reversed phase C18
analytical column (Zorbax Eclipse XDB, 4.6 mm x
100 mm, 3.5 pm particle size) at a temperature set at
25°C. The chromatograms obtained at 280, 320 and
550 nm (DAD detector, Germany) were compared
with those obtained on known phenolic compound
standards. The separation gradient was formed by
two mobile phases: A, methanol, and B, 99.9% H,O
and 0.1% formic acid. The optimised gradient elution
was illustrated as follows: 0-5 min, 10%-20% A; 5-10
min, 20%-30% A; 10-15 min, 30%-50% A; 15-20
min, 50%-70% A; 20-25 min, 70%-90% A; 25- 30
min, 90%-50% A; 30-35 min. Phenolic compound
contents were expressed in mg/g DW.

2.5 ANTIOXIDANT EVALUATION OF EXTRACTS

2.5.1 Antiradical scavenging potential
The estimation of this anti-radical activity was mea-
sured according to the method of Ceylan et al. [10].
In microtubes, 0.5 ml of extracts at different con-
centrations was mixed with 3 ml of a DPPH solution
(0.004% in methanol). The mixture was allowed to
stand at room temperature in the dark for 30 min and
the absorbance was recorded at 517 nm. Inhibition
(1%) of the DPPH free radical was expressed using the
following equation:

1% = [(A,—Ag)/A] x 100
Where:
A,: Absorbance of the blank,
A,: absorbance of the sample.
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The concentration of the extract that could scavenge
50% of the DPPH radicals (IC,,) was calculated. Bu-
tylatedhydroxytoluene (BHT) was used as standard
antioxidant.

2.5.2 Ferric-reducing power (FRAP) assay

This activity was measured using the method de-
scribed by Ferreira et al. [14]. This method consists of
mixing of extract (1000 pl) at different concentrations
with phosphate buffer (1250 ul, 0.2 mol/l, pH 6.6) and
potassium ferricyanide (1250 pl, 1%) (K;Fe (CN)y).
The resulting mixture was incubated for 20 minutes
at 50°C. Then, 1250 pl of trichloroacetic acid (TCA,
10%) was added to stop the reaction. Then, the tubes
were centrifuged at 3000 rpm for 10 minutes. Finally,
a volume of 1250 ul of the supernatant was added to
1250 pl of distilled water and 250 ul of a 0.1% solu-
tion of ferric chloride (FeCl,,6H,0). Absorbance was
measured at 700 nm, referring to a positive control
which was ascorbic acid. The results are expressed
in effective concentration (EC,,, pg/ml), which was
the concentration of the extract corresponding to an
absorbance equal to 0.5.

2.5.3 Ferrous ion chelating activity

The chelating capacity was measured according to
Zhao et al. [15]. An aliquot of 0.1 mL of samples at
different concentrations was added to 0.05 mL of
FeCl, (2 mM). After 5 min of incubation, 0.1 mL of
ferrozine (5 mM) and 2.75 mL of distilled water were
added. The mixture was shaken vigorously and left
standing at room temperature for 10 min. The absor-
bance of the solution was measured at 562 nm. The
scavenging activity to chelate ferrous ion was calcu-
lated as follows:

Chelating effect (%) = [100 x (A,—AJ)/AJ

Where:
A, is the absorbance of the control reaction

A, is the absorbance of the tested sample.

The results were expressed as IC,, which was the
efficient concentration of the extract corresponding
to 50% ferrous iron chelating. EDTA was used as a
positive control.

2.6 ANTIBACTERIAL ASSAY

The antibacterial activity of L. stoechas extracts was
performed using a well diffusion method. Bacteri-
al strains were grown respectively on Luria-Bertani
(LB) broth at 37°C for 18-24 h and were inoculated
into Mueller-Hinton (MH) agar (Beef infusion 2.0 g/l
casein hydrolysate 17.5 g/l, starch 1.5 g/I and agar-
agar 17.0 157 g/l). Petri dishes containing WB medi-
um were aseptically inoculated with a suspension of
108 CFU (colonies forming unit)/mL of Candida albi-
cans. The turbidity was adjusted to 0.5 McFarland to
yield approximately 108 colony-forming units (CFU)/
mL with a Densimat (BioMérieux). After incubation at
37°C for 18-24 h, the antibacterial activity was deter-
mined by measuring the zone of growth inhibition (12)
around wells. Gentamicin (10 pg/disc) was used as
microbial standards.

The minimal inhibitory concentration (MIC) was deter-
mined by microdilution method as described by De
Lima Marques et al. [16]. Subsequent serial decimal
dilutions were performed on sterile 96-well micro-
plates. Each EO dilution was placed in contact with
a microbial inoculum in exponential growth phase in
MH or WB medium. The initial microbial concentra-
tion was adjusted to 5 x 105 CFU/ml for bacterial
strains and 5 x 104 CFU/ml for yeasts with sterile
saline. We defined the MIC in current study as the
lowest concentration of sample dilutions from half to
half which leads to inhibition of any microbial growth
after 24h of incubation. We considered that a higher
value showing a multiplication of the initial microbial
population is apt to cause a visible disorder of the
culture medium as it was possible to observe in the
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Figure 1 - Total polyphenol, flavonoid and tannin contents of different solvents of Lavandula stoechas

Total polyphenol and proanthocyanidins contents were expressed by mg GAE/g DW and total flavonoid contents were expressed by mg CE/g
DW. Values are represented as mean + standard deviation of triplicates.The data marked with the different lower case letters in the histograms
of each phenolic category share significant differences at p < 0.05 (ANOVA test).
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Figure 2 - RP-HPLC chromatogramtype of lavendermethanol (a), ethanol (c) and aqueous (c) extracts. Signalwascollectedat 280
nm. Peaksnumberscorresponding to:(a) 1. Cafeic acid, 2. Synergic acid, 3. p-Coumarique acid, 4. Ferrulic acid, 5. Luteolin 7-O
glucoside,6. Coumarin, (b) 1. Catechinhydrate, 2. p-Coumarique acid, 3. Ferrulic acid, 4. Luteolin 7-O glucoside, (c) 1. Gallic
acid, 2. Catechol, 3. Catechine hydrate, 4. Chlorogenic acid, 5. p-Coumarique acid, 6. Sinapic acid, 7. Ferulic acid, 8. Luteolin
7-O glucoside, 9. Coumarin, 10. Isorhamnetin 3-O glucoside, 11. Isoquercitrin, 12. Rosmarinic acid, 13. Ellagic acid, 14.
Myricetin, 15. Isorhamnetin 3-O rutinoside, 16. Naringenine, 17. Luteolin
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medium. A growth control without antimicrobial stan-
dard and a sterility control were performed for each
strain. The plates were incubated at 36°C for 24h. To
determine the MIC value, two methods were used:
visual determination of the microbial growth or optical
density of each well at a wavelength of 600nm in a
reader plate (EL x 800, BioTeck, USA).

2.7 DATA ANALYSIS

All analyses were performed in triplicate and the re-
sults were expressed as means values + standard
deviations (SD). An analysis of variance (ANOVA) was
carried using SPSS 283.0 (SPSS IBM2017). A Duncan
test was used to determine the statistical difference of
the mean value at 95%.

The Spearman’s rank correlation coefficient was used
to analyse the relationship between the total phenolic
contents, flavonoid contents, and antioxidant activ-
ities.

3. RESULTS AND DISCUSSION
3.1 PHENOLIC QUANTIFICATION

Figure 1 showed that the levels of polyphenoals, fla-
vonoids and proanthocyanidins varied significantly
depending on the harvest period and solvent of ex-
traction. The highest contents were obtained in the
methanol extract at the ST1 of 232.77 mg GAE/g DW
for polyphenols, 112.43 mg CE/g DW for flavonoids
and 70.98 mg CE/g DW for proanthocyanidins. Our
results were higher than that found by Messaoud et al.
[17]. These authors noted that the polyphenols con-
tents of methanolic extract of L. stoechas harvested
during the vegetative stage was 25.2 mg GAE/g DW.
These same authors reported also that the total fla-
vonoid content was 10.1 mg EC/g DW in methanol
extract. Ceylana et al. [10] mentioned that the content
of polyphenols in L. stoechas was 105.5 mg GAE/g
DW. Concerning the fructification stage, ethanol pre-
sented the best solvent for extracting the polyphenols
and flavonoids. However, no data is available regard-
ing the effect of the harvest period on the polyphe-
nols, flavonoids and proanthocyanidins contents of
L. stoechas originating in Tunisia. In the same way,
Ezzoubi et al. [3] noted that the total polyphenols in
the hydro-ethanolic extract of L. stoechas revealed a
value of 130.15 mg of GAE/g.

3.2 PHENOLIC PROFILS

The analysis of different chromatographic profiles
of the main phenolic compounds obtained from the
extracts with methanol, ethanol and aqueous from
the vegetative and pre-flowering stages of L. stoe-
chas enabled us to identify 20 phenolic compounds
including 8 phenolic acids (Figure 2): p-coumaric acid
which was the major compound in ethanol (10.75%
of ST2) and aqueous (5.68% of ST1) extracts (Table
). In methanol extract, the major phenolic acid was
syringic acid (8.76%) at ST1, while in the pre-flowering

Table | - Antioxidant activity of Lavandula stoechas extracts at different phenological stages

Chelating power(ICso, mg/ml)

ST3
4.27+0.34¢

1.28+0.03¢¢
2.61+0.068¢

ST2
5.510.12A

2.440.05¢

4.3+0.0480

ST1
7.1240.224a
6.42+0.124a

5.09+0.0462

0.03+0.01

Reducing power(ECso, pg/ml)

ST3
5741275k

259+2.76°0
330+1.4780

ST2
690+3.114

360+2.07¢a

430+3.218a

ST1
1060+3.02%
250+2.22Cb

280+3.138¢

68+0.06

DPPH (ICso, pg/ml)

ST3
47+1.328¢

22+40.87¢¢

72942.63%¢

ST2
55+1.0580

28+0.86¢0

920+2.1440

ST1
70+2.33B2

50+1.08¢a

2600+3.12%a

46.6+0.08

Solvents
Ethanol

Methanol

Aqueous

Synthetic antioxidant

BHT

Ascorbic acid
EDTA

3). Values with the letters (in capital letters for solvent extracts and in lowercase for phenological stage)

ST1: vegetative stage, ST2: flowering stage, ST3: fructification stage. Each value is expressed as mean SD (n

are significantly different at p<0.05.
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stage, caffeic acid was the predominant compound
(7.27%). The rest of the identified compounds consti-
tuted of the flavonoids where luteolin 7-O glucoside
was more the abundant compound in the ethanol at
the pre-flowering stage (58%), followed by couma-
rin (Figure 2). These results were identical to those of
Celep et al. [4] that found that luteolin 7-O glucoside
was the major constitutes of L. stoechas in Turkey.
On the other hand, the comparative analysis of the
chromatographic profiles of three extracts showed
the differences in the contents of the phenolic com-
pounds relative to the solvent and the harvest period
(Table 1l). The phenolic composition of L. stoechas
have not been studied in literature except by Ceylan
et al. [10] who noted a different appearance than that
found in this study. These authors showed that the
major compound was rosmarinic acid, followed by
caffeic acid in methanolic extracts. They also report-
ed the presence of other phenolic acids: p-coumaric
and ferulic acids and the flavonoids: quercetin, rutin
and eriodictyol. In other hand, Celep et al. [4] not-
ed that the chromatography analysis of L. stoechas
presented the two phenolic acids (rosmarinic acid
and chlorogenic acid) and two flavone glycosides
(apigenin 7-glucoside and luteolin-7-O-B-glucoside).
Recent studies showed that natural antioxidants,
such as polyphenols, were incorporated in the foods
to ensure their stability and protect them from oxida-
tion [18]. Indeed, phenolic acids represented almost
a third of dietary phenols and were involved in the
organoleptic, nutritional and antioxidant properties of
food [19].

3.3 ANTIOXIDANT POTENTIAL

Both methanolic and ethanolic extracts of Lavandula
stoechas showed in vitro antioxidant activity during
the DPPH assay (Table ). However, the methanolic
extract recorded a significantly higher antioxidant ac-
tivity with 1C,, was 22 pg/ml at ST3 which is high-
er than that recorded for BHT with IC,, = 46 pg/ml.
Similar results were found by Messaoud et al. [17]
with a IC,, of 34.2 yg/ml for the methanolic extracts
of lavender. Our result was higher to those found by
Karabagias et al. [20] which indicated that methanol
and an aqueous extract exhibited the higher activities
with ICy, and was 7.05 mg/ml and 1.78 mg/ml, re-
spectively. In the same way, ethanol extract exhibited
a high activity against the DPPH free radical with IC,,
was 47 pg/ml and 55 pyg/ml at ST3 and ST2, respec-
tively. At the fructification stage (ST3), the capacity
anti-free radical evaluated in the same way as that
of the flowering stage (ST2) where methanol exhibits
the highest capacity to reduce the DPPH radical fol-
lowed by ethanol and aqueous extracts. Our results
are more important than those mentioned by Ceylan
et al. [10] and Bayrak et al. [21] that found lower ac-
tivities of methanol extract from L. stoechas with an
IC,, equal to 300 pg/ml and 200 mg/ml respectively.
Phenolic acids and flavonoids in L. stoechas in meth-

anol extracts such as rutin and caffeic acid can be
attributed the higher antioxidant activity [10].

The Lavandula extracts genre from different region
showed a considerable antioxidant activity against the
DPPH free radical, as reported in literature Spiridon et
al. [22]. The extracts of methanol and aqueous from
the vegetative stage exhibited the best activity with
the lowest EC,, value (250 and 280 pg/ml, respec-
tively). Ethanol was more efficient in reducing Fe®*
ions at the fructification stage than that in the vegeta-
tive stage with EC,, equal to 574 pg/ml.

The results presented in Table | showed that all ex-
tracts have a lower chelating power by compared
with that of EDTA (IC,, = 0.03 mg/ml). However, the
methanolic extract presented the greatest chelating
capacity with an IC, of 2.5 mg/ml. Our results were
more important than those mentioned by Messaoud
et al. [17] who found a lower activity obtained by
methanolic extract with an IC,, equal to 3.5 mg/ml.
Ethanol and aqueous extracts presented less che-
lating power with an ICg, of 4.27 and 5.5 mg/ml, in
ST3 and ST2, respectively. In general, phenolic com-
pounds are the major class to contribute the poten-
tial antioxidants in plants. A hypothesis that has been
confirmed by several studies [23] which have shown
the existence of the close relationship between the
content of phenolic compounds in a plant matrix and
the biological power they exert as major antioxidants
of plants.

3.4 RELATIONSHIP BETWEEN TOTAL PHENOLS AND
ANTIOXIDANT ACTIVITY

Highly significant positive correlations were obtained
between polyphenols and flavonoids in the three
phenological stages with r = 0.99 for ST1, r = 0.94
for ST2 and r = 0.98 for ST3 to p < 0.05 (Table V).
The contents of polyphenols correlate positively with
those of the proanthocyanidins (r = 0.95 for ST1 and
r = 0.93 for ST2). However, highly significant negative
correlations (P<0.05) were determined between fla-
vonoid contents and DPPH radical activity (r = -0.49
for ST1 and r = -0.72 for ST2), proanthocyanidins and
DPPH (r = -0.66 for ST1, r = -0.73 for stage 2 and
r=-0.77 for ST3).The statistical analysis shows highly
significant negative correlations for ST2 (p<0.05) be-
tween polyphenols and chelating power (r = - 0.83),
flavonoids and chelating power (r = - 0.75) and pro-
anthocyanidins and chelating power (r = - 0.75) (Ta-
ble IV). The levels of the different phenolic categories
(tannins, flavonoids and proanthocyanidins) as well as
those of total polyphenols are maximum during the
vegetative period while decreasing during the flower-
ing and fruiting stages.

In fact, a positive correlation between polyphenols
extracted from Sidastrum micranthum and Wissad-
ula periplo cifolia crude extracts and their antioxidant
abilities was shown by De Oliveira et al [24]. In addi-
tion, a high correlation was found between the DPPH
scavenging potency and total phenolic contents of
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Table lll - In vitro antimicrobial activities of Lavandula stoechas extracts at two phenological stages

Bacteria Gram(+)
Stadephenological Solvents Methicillin-resistant Staphyloccocusaureus | Enterococcus
Staphylococcus aureus | ATCC 6835 faecalis
(MRSA) ATCC 29212
Ethanol 15A0 1040 108¢
ST1 Methanol 208a 128Ba 158b
Agueous 154 1040 17ha
Ethanol 15A0 12A0 1640
ST2 Methanol 25Ma 18ha 19ha
Aqueous 1640 10Ae 128¢
Ethanol 8Be 480 4Ce
ST3 Methanol 12Ca gca 100
Agueous 1080 gBa 12Ba
Standard antimicrobial Gentamicin (10ug/disc) 25 (S) 22 (R) 15 (R)

ST1: vegetative stage, ST2: flowering stage, ST3: fructification stage. 1Z: inhibition zone. S: sensitive. R: resistant. Values were
given as mean + SD (n=3) and were the average of three replicates. One-way ANOVA followed by Ducan’s multiple range test was
used. Values with different superscripts (a-c) were significantly different at P < 0.05.

traditional plant species such as Allium sativum and
Pistacia lentiscus [25].

3.5 ANTIBACTERIAL ACTIVITY

The antibacterial activity of the three extracts of L.
stoechas was tested against nine strains. Only three
bacterial strains showed a variability of different ex-
tracts (Table lll). The highest inhibition diameter was
obtained against MRSA with IZ of 25 mm in methanol
extract at ST2. Enterococcus faecalis and Staphylo-
coccus aureus strains also showed significant sen-
sitivity with 1Z of 19 and 18 mm, respectively. The
results obtained showed that the antibacterial activ-
ity was greater only against Gram positive bacteria.
These results agreed with those mentioned in litera-
ture [26]. These authors mentioned that L. stoechas
was effective against Gram (+) bacteria and Gram (-)
bacteria were weakly effective. Various studies have
already shown that Gram positive bacteria were more
susceptible towards plant extracts as compared to
Gram negative bacteria. These differences may be at-
tributed to the fact that the cell wall in Gram positive
bacteria is of a single layer, whereas the Gram-neg-
ative cell wall is multi-layered structure [26]. Goren et
al. [27] reported that antimicrobial activities of extracts
of L. stoechas had a high effect on bacteria. Oskay et
al. [28] proved sensitivity towards methicillin resistant
S. aureus (MRSA) with methanol and ethanol extracts
compared to aqueous fraction. Khosravi and Male-
can [29] added that alcoholic extract of L. stoechas
has significantly inhibitory effect on the growth of S.
aureus. These results are similar to our study. In brief,
the antibacterial activity of the extracts appears to be
related to the nature of the solvent used in macera-
tion. Indeed, the inhibitory effect on microorganisms
is in high levels of polyphenols and flavonoids in the
extract that are reported to be very active. In addition,
significant differences in the inhibitory effects of ex-
tracts from the two stages appear to be due to exist-
ing minority volatile compounds. In this context, Shan
et al. [30] demonstrated that polyphenols, like tannins

and flavonoids like epigallocatechin, catechin, myrice-
tin and quercetin are powerful antibacterial substanc-
es. These molecules have a broad spectrum of phys-
iological activities, like anti-inflammatory, anti-allergic,
anti-microbial, anti-carcinogen, anti-thrombotic, an-

Table IV -Relationship between total phenols and antioxidant
activity ST1: vegetative stage. ST2: flowering stage, ST3:
fructification stage

Vari Correlation Matrix Stage 1
ariable
PPT | FT TCT DPPH | RP CcP

PPT 1.00 | 0.99 095 | -056| -044 | 0.10
FT 0.99 | 1.00 096 | 049 | -053 | 0.01
TCT 0.95 | 0.96 100 | -066 | -0.34 | 0.15
DPPH -0.56 | -0.49 -0.66 100 | -047 | -0.74
RP -0.44 | -0.53 -0.34 | -047 1.00 | 0.69
CP 0.10 | 0.01 015 | -0.74 0.69 | 1.00

Marked correlations are significant at p <.05000
N=9 (Casewise deletion of missing data)

Variable Correlation Matrix Stage 2
PPT |FT TCT |DPPH |RP CP

PPT 100 094| 093 054 -064| -0.83
FT 094 1.00] 0.99 -0.72| -045| -0.75
TCT 093] 099 1.00 -0.73| -042| -0.75
DPPH 054| -0.72] -0.73 1.00| -029]| 0.3
RP 064 | -045| -042 029 1.00]| 087
CP -0.83| -0.75]| -0.75 013] 0.87| 1.00

Marked correlations are significant at p <.05000
N=9 (Casewise deletion of missing data)

Variable Correlation Matrix Stage 3
PPT |FT TCT DPPH | RP CP

PPT 1.00 0.98 0.98| -0.63 -0.56| -0.75
FT 0.98 1.00 0.99 | -0.74 044 -0.64
TCT 0.98 0.99 1.00 | -0.77 -0.39| -0.60
DPPH -0.63 -0.74 -0.77] 1.00 027 -0.03
RP -0.56 -0.44 0.39] -0.27 1.00 | 0.97
CP -0.75 -0.64 -0.60 | -0.03 097 ] 1.00

Marked correlations are significant at p < .05000
N=9 (Casewise deletion of missing data)
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ti-viral and preventive actions against cardiovascular
diseases [31]. The methanolic extract of L. stoechas,
should be beneficial with an antioxidant ability against
oxidative damage and can be proved as a protec-
tion system for the human body. This activity can be
attributed to the flavonoids with potential antioxidant
substances with the capacity to trap free radicals. L.
stoechas can be used on development research and
may be a source of natural antioxidants for potential
exploitation in food, and the cosmetic and pharma-
ceutical industries.

4. CONCLUSION

This study revealed the ripening stage, as well as the
extraction solvent significantly affected total poly-
phenol, flavonoids, prothocyanidins, antioxidant and
antibacterial activities in L. stoechas. Methanol and
ethanol of the three stages of ripening contained
high amounts of phenolic compounds and exhibited
strong antioxidant and antibacterial activities. This
result is of a high important significance in the food
industry for the creation of strategies, provenance
selections and solvents with high polyphenals, flavo-
noids and prothocyanidins contents, and high antiox-
idant potential for producing specific health-promot-
ing antioxidants.
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