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Abstract

Hydro distilled volatile oils extracted of wild pepper fruits (Schinus Molle) from Morocco were
analyzed by GC/FID and GC/MS. 21 compounds standing for 95.4 % of the oil were identified of the
Schinus Molle species. The major components of the oil were 3-Myrcene (58.7 %), a-Phellandrene (11 %),
Limonene (10.1 %), B-Phellandrene (8.6 %) and a-Pinene (3.1 %). The extracted essential oil was analyzed
to check its radical-scavenging ability using the stable DPPH radical and the ABTS radical, for reducing
power ability with a test based on the reduction of ferric cations, and for lipid peroxidation inhibitory
ability using - carotene bleaching assay. The oil showed a particularly interesting profile regarding
oxidation of the fatty unsaturated substances. The antimicrobial activity of the essential oil was
individually evaluated against representatives of Gram-positive and Gram-negative bacteria using the
agar diffusion method. The most sensitive microorganisms are Acinetobacter baumanii, Pseudomonas
aeruginosa Salmonella sp, Klebsiella pneumonia, Staphylococcus aureus, Citrobacter freundii,
Enterococcus faecalis, Staphylococcus epidermis and Proteus mirabilis.

Keywords: Schinus Molle, antibacterial, antioxidant, essential oil.

http://pharmacologyonline.silae.it
ISSN: 1827-8620




PhOL Essabiri, et al.

493 (pag 492-498)

Introduction

The main causes of deterioration and food
poisoning are oxidation processes and microbial
activity [1]. Despite the use of a variety of synthetic
chemical additions as well as a variety of modem
preservation techniques, spoilage and food
poisoning problems remain a continuing concern for
consumer’s health and industries [2]. In addition,
the usage of a few artificial antioxidants inclusive of
butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) have already been
documented to expose extreme facet results, which
vary from intense to life threatening [3]. Therefore,
it is far past query that there is an increasing need to
develop a new type of nontoxic herbal antioxidant
and antimicrobial compounds with significant
effectiveness in preventing food-borne growth and
increasing the durability of foods [4-6].

Wild pepper fruits (Schinus Molle) belonging to
the Anacardiaceae family, is a plant family that
includes numerous species of high economic
importance, e.g. mango, cashew, pistachio, and pink
pepper as well as plants that are of local importance
[7-8]. Members of this family have been known as
polyphenol-rich [9]. Numerous scientific studies
confirm the importance of wild pepper fruits
essential oil, especially as an antioxidant and
antibacterial [10-12].

The main objective of this study is to evaluate the
chemical composition of the essential oil of Schinus
Molle found In Morocco. The antioxidant potential
using four different techniques (DPPH, ABTS, FRAP,
B-carotene), also the assessment of the antibacterial
effects on nine different bacterial strains.

Material and methods
Plant material

The plant material used within this study,
amounted to one kilogram of the plant gathered
from the middle atlas region in Morocco.

Chemicals and reagents

Anhydrous sodium sulphate, 1,1-dipheny, I2-
picrylhydrazil (DPPH), ethanol, 6-hydroxy- 2,5,7,8-
tetramethylchroman-2-carboxylic  acid  (Trolox),
potassium persulphate, 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic  acid)  (ABTS),

tween 20, potassium ferricyanide, trichloroacetic
acid, ferric chloride, B-carotene, linoleic acid and
chloroform, were all used during this experiment.

Extraction of essential oil

Essential oil was extracted from dry wild pepper
fruits by steam distillation for four hours employing
a laboratory steam distillation apparatus. Once the
decantation was completed, the sample obtained
was dried using anhydrous sodium sulfate and kept
at 4°C until use [13].

Chemical composition of essential oils

The chemical composition of the essential oil was
determined by GC [ FID and GC [ MS. The GC/FID
analysis was established on a gas chromatography
with electronic pressure control, type Hewlett
Packard (HP 6890) equipped with a single injector
and a flame ionization detector (FID). The FID
detector set at 280°C and using a H2/Air mixture.
The flow of the carrier gas Nitrogen was 1 mL/min.
The initial column temperature was 60°C and
programmed to increase at 4°C/min to 280°C. The
injector temperature was set at 280°C. Split injection
was carried out with a ratio of 1:10. Essential oil
samples of 0.5 ul (5 mg/mL) injected. The apparatus
was monitored and controlled by computer system.
Retention indices (RI) of compounds were
determined relative to the retention times of a
series of n-alkanes (C5- C24) with linear interpolation
using the Van den Dool and Kratz equation.

The GC/MS was done on a gas chromatograph,
coupled with a mass spectrometer. The
fragmentation was carried out by electron impact
under a 70 eV field. The capillary column used a
thickness of the film of 0.25 pm, its temperature was
programmed from 60 to 280°C at a rate of 4°C/min.
Helium (purity 99.99%) was the carrier gas, with a
flow rate of 1 ml/ min. The injection of the sample
was in split mode. The mass range was from m/z 50
to 550. The ion source and the detector
temperatures were kept at 250 and 150°C
respectively. The apparatus was connected to a
computer system managing a NIST mass spectrum
library [14].

Antioxidant activity

The free radical scavenging activity of EO was
measured via 1.1-diphenyl-2-picrythydrazil (DPPH:).
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The preparation of 0.2 mM solution of DPPH in
Ethanol then the addition of 0.5 mL of this mix was
introduced to 2.5 mL of the essential oil (1 mg/mL)
and was left at room temperature for 30 min, after
which absorbance got measured at 517 nm against
blank samples. An identical procedure was executed
for the Trolox of numerous concentrations (0.5-1-
2.5-5-7.5 pg/ mL). The percentage inhibition (% RSA)
of DPPH by the different concentrations was
calculated and the antioxidant effect of the EO was
represented as Trolox equivalent (mg TE/g of EO)

[15]-
A, — A,
%RSA= 100 X ————
AC
% RSA: Radical scavenger activity.
A.: Absorbance of negative control.
Aq: Absorbance of the sample.

The scavenging activity of EO against ABTS radical
cation was based on the use of the stock solutions
of 7 mM ABTS and 2.4 mM Potassium persulphate in
equal volumes then left in the dark for 12-16 hours at
room temperature. Before appraise, ABTS+ solution
was diluted in Ethanol to give an absorbance of 0.7
0.02 at 734 nm. Of the obtained solutions, 2 mL was
destined to react with 200 pL of EO (2 mg/ mL), then
the reaction mixture was vortexed and its
absorbance measured at 734 nm after 30 min. The
Trolox of various concentrations (5-15-25-50-75-100
pg/mL) went through the same process. The
percentage inhibition (% RSA) of ABTS+ by the
different concentrations was calculated and the
antioxidant power of the EO was represented as
Trolox equivalent (mg TE/g of EO) [16].

C_AS

%RSA =100 x

c

% RSA: Radical scavenger activity.
A.: Absorbance of negative control.
Ag: Absorbance of the sample.

The capacity to diminish ferric ions was measured
using the method described by Gonzalez-Rivera et
al. (2018) [17]. Numerous concentrations of standard
Trolox (20-60- 100-160-200-320 pg/mL) and 1 mg/mL
of EO in Ethanol (1% tween 20) were mixed with 2.5
ml of Phosphate buffer (0.2M, pH 6.6) and 2.5 mL of
Potassium ferricyanide (1 % w/v). The mix was then

incubated at 50°C for 20 min. After that the addition
2.5 mL of Trichloroacetic acid (10 % w/v) to the
reaction mixture. Afterward, it was centrifuged at
3000g for 10 min. The upper layer of the solution
(2.5 mL) was mixed with deionized water (2.5 mL)
and 0.5 mL of Ferric chloride (0.1 % w/v). The
absorbance was measured at 700 nm after the
reaction time of 30 min. The reducing power of the
essential oil was represented as Trolox equivalent
(mg TE/g of EO).

Antioxidant  activity based on the f-
carotene/linoleic acid method was evaluated by
measuring the inhibition of the bleaching of B-
carotene by the peroxides generated during the
oxidation of linoleic acid. A stock solution of B-
carotene/linoleic acid mixture was prepared adding
iml of P-carotene, 2mg/mL of chloroform, 4oul
linoleic acid and 400 pg Tween 20. Chloroform was
completely evaporated using a rotary evaporator,
and 100 ml of distilled water saturated with oxygen
(30 min, 100 ml/min) was added and vigorously
shaken to have a stable emulsion. To 2.5 mL of the
emulsion, 500 yL of the EO (1 mg/mL in Methanol)
was added, and 500 pl of distilled water for the test
control. Absorbance of each solution was measured
at 490 nm at minute zero and after 2h incubation in
a water bath at 50°C. All trials were performed in
triplicate. The same was done for the Trolox of
various concentrations (4-10- 20-40-80-100 pg/mL).
Antioxidant activity was calculated using the
coefficient of antioxidant activity following the
equation described by Kaplaner et al. (2017) [18],,
so, the antioxidant activity of the essential oil was
represented as Trolox equivalent (mg TE/g of EO).

%AAC = 100 x 22020~ Aeazo)

Ac(o) - Ac(120)

ZAAC: Coefficient of antioxidant activity.
Aq120): Absorbance of the sample at t = 120 min.
A (120): Absorbance of controlat t = 120 min..

A oy: Absorbance of the control at t =0 min.

Antibacterial activity

Antibacterial activity was evaluated using
selected pathogens and commensal strains.
Following the test described by Ainane et al. (2019)
[19], with some alterations. The 9 micro-organisms
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tested in the realization of this experiment
(Enterococcus faecalis, Salmonella sp, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter
baumanii, Staphylococcus epidermis, Citrobacter
freundii, Proteus mirabilis, and Pseudomonas
aeruginosa) were collected clinically. These srains
were maintained on slants of nutrient agar medium
favorable to their development and incubated for 24
hours at 37°C. Due to the immiscibility of the
essential oil and water therefore to the culture
medium, an emulsification was dispensed through a
0.2% agar resolution. This makes it feasible to attain
a homogeneous distribution of the EO in the
medium and to maximize the contact among the
germ and the compound. The Amoxicillin (25ug) and
Ciprofloxacin (5 pg) had been used as positive
control in the test.

To determine the minimum inhibitory
concentration (MIC), dilutions were prepared 100
uL/mL, 40 ylymL, 20 pL/mL, 10 pl/ mL, 5 yL/mL, 3.3
uL/mL, 2 yL/mL in this agar solution. To the test
tubes each containing 13.5 mL of solid MH (Mueller
Hinton agar) 1.5 mL of each dilution was added
aseptically so as to obtain the final concentrations
of 10 uL/mL, 4 pul mL, 2 yL/mL, 1 uymL, 0.5 pL/mL,
0.33 uL/mL, 0.2 pL/mL respectively. The tubes were
stirred to adequately disperse the EO into the
culture medium before pouring them into the Petri
dishes. Controls, containing the culture medium and
the 0.2 % agar solution alone, were also prepared.
Seeding was done by striation using a calibrated
platinum loop to collect the same volume of
inoculums and to incubate at 37°C for 24 hours. Each
test was repeated three times [20].

Results and discussion
Chemical composition of essential oil

Results of gas chromatographic analysis of
Schinus molle EOs are presented in Table 1. 21
components were identified, representing 95.4% of
the total composites of the wild pepper fruits. The
essential oil was characterized mainly by B-Myrcene
(58.7%), a-Phellandrene (11.2%), Limonene (10.1%), B-
Phellandrene (8.6%) and a-Pinene (3.1%) and other 17
minor components representing a small portion of
the EO.

In comparison to Do Rosdrio Martins et al. (2014)
[21] results done on Schinus molle leafs and fruits in

the Evora region (Portugal). We found a big
resemblance in the chemical composition of the
essential oil even though some of the technics used
are different.

Antioxidant activity (DPPH, ABTS, FRAP, (-
carotene bleaching)

The antioxidant potential of the Schinus molle EO
has been tested by four testing methods, DPPH,
ABTS, reducing ferric power, and [-carotene
bleaching assay (Table 2). The evaluated samples
were capable of reducing the stable violet DPPH
radical to the yellow DPPH-H, with a value of (0.74
mg TE/g of EO. Even though DPPH and ABTS
methods were based on the same principle, data
gained from ABTS test are higher than those
obtained from DPPH test, reaching the values (5.27
mg TE/g of EO). This difference can be traced to the
steric factors that are one of the major factors for
reducing of stable DPPH radicals [22]. We also
evaluated the capacity of reducing the ability of the
essential oil using a spectrophotometric method, to
define the content of ferric ions reduced by tested
oils. Tested samples were able to reduce the ferric
ions (Fe3+) to ferrous ions (Fe2+) reaching the
values (7.44 mg TE/g of EO) [23]. Lipid peroxidation
inhibition activity of the essential oil was evaluated
using the B-carotene bleaching test. This experiment
is founded on the change of the yellow color of -
carotene due to its reaction with the created
radicals by the oxidation of linoleic acid in an
emulsion [24]. The results obtained by this test
proved the antioxidant capacity of EO (15.61 mg TE/g
of EO). The antioxidant activity of EO can be
explained by the presence of hydroxyl compounds.
The DPPH, ABTS and FRAP tests have revealed a
median antioxidant potential for the EO. However,
the [-carotene bleaching test showed a high
antioxidant potential of the EO. This can be
explained, according to Dorman et al. (2000) [25],
by the lipophilic affinity of the EO with the reaction
mix.

Antibacterial activity

The evaluation of the antibacterial activity of the
essential oil, was done against nine bacteria strains
Acinetobacter baumanii, Pseudomonas aeruginosa,
Salmonella sp, Klebsiella pneumonia, Staphylococcus
aureus, Citrobacter freundii, Enterococcus faecalis,
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Staphylococcus epidermis and Proteus mirabilis.
The chosen strains are known for their ability to
contaminate food, cause spoilage, and for their
pathogenicity. The results of this test are presented
in Table 3.

The antimicrobial activity of the essential oil
against the tested microorganisms was qualitatively
and quantitatively assessed by the inhibition zones
and the determination of MIC. According to the
results shown in Table 3, the essential oil showed a
potent inhibitory effect against all bacteria strains.
The diameter of inhibition zones ranging from 6.1 to
7.2cm.

MIC values of the EO on the used strains are
presented in Table 3. These results demonstrated
that these oils displayed antibacterial properties.
The EO showed a remarkable antibacterial potential,
in particular, against the Pseudomonas aeruginosa
and Acinetobacter baumanii, which could not
develop even at a concentration of 0.297uL/ mL and
0.342pL/ mL respectively.

Conclusion

Based on previous observations, it can be
concluded that Schinus molle has showed
considerable antioxidant properties, especially
related to the oxidation of unsaturated fatty acids,
as well as the antibacterial potential shown in all
tested microorganisms. These characteristics may
be crucial to find organic substitutes to synthetic
preservatives used by the food industry.

References

1. Mishra, S, Zhang, W, Lin, Z, Pang, S,
Huang, Y. Bhatt, P.,, & Chen, S. (2020).
Carbofuran toxicity and its microbial
degradation in contaminated environments.
Chemosphere, 259, 127419.

2. Kaczmarek, M., Avery, S. V., & Singleton, I.
(2019). Microbes associated with fresh
produce: sources, types and methods to
reduce spoilage and contamination.
Advances in applied microbiology, 107, 29-
82.

3. Bom, S, Jorge, J., Ribeiro, H. M., & Marto, J.
(2019). A step forward on sustainability in
the cosmetics industry: A review. Joumal of
Cleaner Production, 225, 270-290.

10.

11.

Bonomo, M. G., Cafaro, C, Russo, D.
Calabrone, L., Milella, L. Saturnino, C.,
Salzano, G. (2020). Antimicrobial activity,
antioxidant properties and phytochemical
screening of Aesculus hippocastanum
mother  tincture against food-bome
bacteria. Letters in Drug Design & Discovery,
17(1), 48-56.

Pan, Y., Deng, Z, & Shahidi, F. (2020).
Natural bioactive substances for the control
of food-borne viruses and contaminants in
food. Food Production, Processing and
Nutrition, 2(1), 1-19.

Gokoglu, N. (2019). Novel natural food
preservatives and applications in seafood
preservation: A review. Joumal of the
Science of Food and Agriculture, 99(5),
2068-2077.

Ovidi, E., Garzoli, S. Laghezza Masdi, V.,
Turchetti, G., & Tiezzi, A. (2021). GC-MS
investigation and antiproliferative activities
of extracts from male and female flowers of
Schinus molle L. Natural product research,
35(11), 1923-1927.

Turchetti, G., Garzolj, S., Laghezza Masdi, V.,
Sabia, C, Iseppi, R., Giacomello, P., Ovidi, E.
(2020). Antimicrobial testing of Schinus
molle (L.) leaf extracts and fractions
followed by GCMS investigation of
biological active fractions. Molecules, 25(8),
1977

Khedher, O., Rigane, G. Salem, R. B. &
Moussaoui, Y. (2020). Optimization of
polyphenols recovery from schinus molle L
peel using response surface methodology
(RSM). Chemistry Africa, 3(3), 813-820.
Feriani, A., Tir, M., Hamed, M., Sila, A., Nahdi,
S., Alwasel, S, Tl N. (2020).
Multidirectional insights on polysaccharides
from schinus terebinthifolius and schinus
molle fruits: physicochemical and functional
profiles, in  vitro antioxidant, anti
genotoxicity, antidiabetic, and antihemolytic
capacities, and in vivo anti-inflammatory and
anti-nociceptive properties. International
Joumal of Biological Macromolecules, 165,
2576-2587.

Rey-Valeirén, C., Pérez, K, Guzman, L.
Lépez-Vargas, J., & Valarezo, E. (2018).

http://pharmacologyonline.silae.it

ISSN: 1827-8620



PhOL Essabiri, et al. 497 (pag 492-498)
Acaricidal effect of Schinus molle 18. Kaplaner, E., Singe¢, M. H., & Oztiirk, M.
(Anacardiaceae) essential oil on unengorged (2017). Fatty acid composition and
larvae and engorged adult females of antioxidant  activity = of  Tricholoma
Rhipicephalus sanguineus (Acari: Ixodidae). imbricatum and T. Focale. Turkish Joumnal of
Experimental and Applied Acarology, 76(3), Agriculture-Food Science and Technology,
399-411. 5(9), 1080-1085.

12. Eryigit, T, Yildirim, B., Ekici, K., & Cirka, M. 19. Ainane, T., Khammour, F., & Merghoub, N.
(2017). Chemical composition, antimicrobial (2019). Cosmetic bio-product based on
and antioxidant properties of Schinus molle cinnamon essential oil “Cinnamomum
L. essential oil from Turkey. Journal of verum” for the treatment of mycoses:
Essential Oil Bearing Plants, 20(2), 570-577. preparation,  chemical analysis  and

13. Ainane, A., Khammour, F.,, M'hammed, E. L., antimicrobial activity. MOJ Toxicol, 5(1), 5-8.
Talbi, M., Oussaid, A., Lemhidi, A., Ainane, T. 20. Owuama, C. I (2017). Determination of
(2019). Evaluation of the toxicity of the minimum inhibitory concentration (MIC) and
essential oils of certain mints grown in the minimum bactericidal concentration (MBC)
region of Settat (Morocco): Mentha piperita, using a novel dilution tube method. African
Mentha pulegium and Mentha spicata joumnal of microbiology research, 11(23), 977-
against, Sitophilus Granarius, Sitophilus 980.

Oryzae and Sitophilus Zeamais. Joumal of 21. do Rosdrio Martins, M., Arantes, S.,
Analytical Sciences and Applied Candeias, F., Tinoco, M. T., & Cruz-Morais, J.
Biotechnology, 1(1), 1-10. (2014).  Antioxidant, antimicrobial and

14. Abdoullatif, F. M., Ayoub Ainane, T., Abdoul- toxicological properties of Schinus molle L.
latif, T.M & Ainane, T. (2020). Chemical study essential oils. Journal of
and evaluation of insectical properties of ethnopharmacology, 151(1), 485-492.
African Lippia citriodora essential oil. Journal 22. Lue, B. M., Nielsen, N. S., Jacobsen, C,
of Biopesticides, 13(2), 119-126. Hellgren, L, Guo, Z, & Xu, X (2010).

15. Ali, B. M., Boothapandi, M., & Nasar, A. S. Antioxidant properties of modified rutin
(2020). Nitric oxide, DPPH and hydrogen esters by DPPH, reducing power, iron
peroxide radical scavenging activity of chelation and human low density lipoprotein
TEMPO terminated polyurethane assays. Food Chemistry, 123(2), 221-230.
dendrimers: Data supporting antioxidant 23. Li, X, Wang, X, Chen, D., & Chen, S. (2011).
activity of radical dendrimers. Data in brief, Antioxidant activity and mechanism of
28, 104972. protocatechuic acid in vitro. Functional

16. Chatatikun, M., & Chiabchalard, A. (2017). Foods in Health and Disease, 1(7), 232-244.
Thai plants with high antioxidant levels, free 24. Kiokias, S., & Varzakas, T. (2014). Activity of
radical scavenging activity, anti-tyrosinase flavonoids and {-carotene during the auto-
and  anticollagenase  activity. BMC oxidative deterioration of model food oil-in
complementary and alternative medicine, water emulsions. Food chemistry, 150, 280-
17(1), 1-9. 286.

17. Gonzalez-Rivera, M. L., Martinez-Morales, F., 25. Dorman, H. D., Figueiredo, A. C., Barroso, J.

Alonso-Castro, A. J., Lopez-Rodriguez, J. F.,
Zapata-Morales, J. R,, Romo, S. A., & Aragon-
Martinez, O. H. (2018). Validated and rapid
measurement of the ferric reducing
antioxidant power in plasma samples.
Chemical Papers, 72(10), 2561-2574.

G., & Deans, S. G. (2000). In vitro evaluation
of antioxidant activity of essential oils and
their components. Flavour and Fragrance
Joumal, 15(1), 12-16.

http://pharmacologyonline.silae.it

ISSN: 1827-8620



PhOL

Essabiri, et al.

498 (pag 492-498)

Table 1. Chemical composition of Schinus Molle essential oil.

Compounds RI (%)
a-Pinene 1027 3.1
Camphene 1078 0.2
B-Pinene 1126 0.1
Sabinene 1131 0.1
B-Myrcene 1159 58.7
a-Phellandrene 1167 1.2
Isopinocamphone 174 0.1
p-cymen-8-ol 1194 0.2
Limonene 1206 10.1
B-Phellandrene 1216 8.6
Neral 1236 0.2
p-Cymene 1268 0.9
a-Terpinolene 1281 0.4
Methyl octanoate 1390 0.1
Cubenol 1514 0.3
allo-Aromadendrene 1638 0.2
a-Terpineol 1692 0.1
Bicyclogermacrene 1721 0.5
Elemol 2074 0.1
a-Eudesmol 2205 0.1
B-Eudesmol 2214 0.1
Total identified compounds 95.4

RI: Retention Indices.

Table 2. Antioxidant activity of the essential oil of Schinus molle fruits.

Antioxydant activity DPPH

ABTS

FRAP

B-carotene

Values (mgTE/g of EO) 0.74

5-27

7-44

15.61

TE: Trolox equivalent.

Table 3. Antibacterial activity of the essential oil of Schinus mole.

Bacterial strains DI (cm) MIC (pl/ml)
Enterococcus faecalis 6.7 0.523
Salmonella sp. 71 0.425
Staphylococcus aureus 6.8 0.541
Klebsiella pneumoniae 6.9 0.498
Acinetobacter baumanii 7.2 0.342
Staphylococcus epidermis 6.4 0.51
Citrobacter freundii 6.8 0.522
Pseudomonas aeruginosa 7.2 0.297
Proteus mirabilis 6.1 0.588

DI: Diameter of inhibition.
MIC: Minimum inhibitory concentration
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