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Abstract

The essential oils compositions of Rosmarinus. tournefortii wild plant, Rosmarinus. tournefortii domesticated
plant, and Rosmarinus officinalis.L wild plant growing in different bio climates from eastern Morocco, was
determined by GC-FID and GC-MS. Oils were assessed for their antimicrobial and antioxidant activities. A
variation of chemical compositions attributed to varieties rather than to bio climates was revealed. a-Pinene
(0.637% ; 44.22% ; 5.74%), Camphene (11.62% ; 6.52% ; 2.21%), R-Pinene (14.72% ; 1.14% ; 3.71%), 1,8-
Cineole (10.1% ; not identifying ; 56.51%) and Camphor (39.27% ; 7.64% ; 13.56%) were identified as the main
constituents of R. tournefortii wild plant, R. tournefortii domesticated plant, and R. officinalis. L wild plant
respectively. This study is based on the determination of the diameter of inhibition to moderate antimicrobial
and antioxidant activities of oils revealed to be against eight bacteria tested. This was determined by 1,1-
diphenyl-1-picrylhydrazyl (DPPH) assay. The highest antimicrobial and antioxidant activities were found in oils
from Rosmarinus. tournefortii domesticated plant.

Keywords: Rosmarinus officinalid.L, Rosmarinus. Tournefortii, wild plant, domesticated plant, antioxidant
activity, antibacterial activity, GC/MS , GC/FID, Morocco,

1. Introduction

An antioxidant may be roughly defined as "any substance that when present at low concentrations, lower than
the oxidizable compound to be protected, significantly delays or inhibits its oxidation". There are two basic
categories of antioxidants, natural and synthetic. The second one has been found to cause long-term
toxicological effects, including carcinogenicity [1, 2]. Consequently, there is an increasing interest in finding
naturally occurring antioxidants for food and medicinal applications.

The extraction of natural substances to replace synthetic food preservatives has become increasingly more
important [3-10].

Rosemary plants grow worldwide and have been cultivated since a long time ago for its strong antioxidant and
antimicrobial activities. This plant species also has many other beneficial activities such as antiviral, anti-
inflammatory and anticarcinogenic [11-15] activity. This species is considered to be one of the most important
sources of both volatile and non-volatile bioactive compounds [16, 17]. Significant variations in the chemical
composition of rosemary essential oils have been reported in relation to the geographic origin [16]. Moreover,
variations in the antioxidant and antimicrobial properties of rosemary oils from natural populations were also
detected. The latter variations were found to be due to regional, environmental and agronomic conditions, the
time of harvest, the stage of development of plants, the method of extraction and methodologies used to evaluate
their biological activities [18-22]. Although many works have dealt with the antimicrobial and antioxidant
activities of the essential oils, the correlation between the presence and content of specific compounds and their
activity and mechanisms of action has not been investigated [23-25].

The Herbs and spices have been used for many centuries to improve sensory or flavour characteristics and to
extend the shelf life of foods. As a result, considerable research has been carried out assessing the antioxidant
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activity of many herbs, herbal extracts and essential oils when added to a variety of foods and food model
systems. The advantage of essential oils is their bioactivity in the vapour phase, a characteristic that makes them
useful as possible fumigants for stored commodity protection. Antimicrobial packaging containing essential oils
is a form of active packaging that could prolong the shelf-life of food product and provides microbial safety for
consumers. It exerts its effect by reducing, inhibiting, or retarding the growth of microbial pathogens in packed
foods and packaging material [26, 27]. It is this trade mark of the essential oils that makes them attractive
targets for future research in food industry. The present work was undertaken to determine the compounds
responsible for the antioxidant and antibacterial activities of essential oils from two phenotypes of rosemary
growing in eastern Morocco.

2. Materials and methods
2.1. Plant material
Herbarium information of the plant species, which are individually numbered, is listed below:

= Rosmarinus. officinalis.L wild plant: location in the region of Jerada (el aounat) in eastern Morocco.

= Rosmarinus Tournefortii wild plant: location in the region of Tafoughalt in eastern Morocco.

= Rosmarinus Tournefortii domesticated plant: location in same region of Tafoughalt in eastern Morocco.
The plants were dried in the laboratory away from sunlight. Thereafter, the dried aerial parts were submitted to
Hydrodistillation for 3 h using Clevenger type apparatus, according to the European Pharmacopoeia (1996). The essential
oil was collected, dried over anhydrous sodium sulphate and stored at 4°C until used. The identification of the species was
confirmed and a voucher specimen was preserved in Laboratory of Chemistry Bio Analytical, Toxicology and Physical
Applied chemistry, Institute of Pharmacy, libre University of Brussels, Brussels, Belgium.

2.2. Gas chromatography

Essential oil samples (0,1L) were injected neat into an HP 6890 gas chromatography equipped with a flame ionisation
detector (FID) and a 30 mx 0,25 mm HP-5 (cross-linked Phynel-methyl Siloxane) column with 0,25 pum film thickness
(Agilent), was used for the study. Helium was used as carrier gas, the flow through the column was 1,4mL min™ and the
splitless mode was used. The column was of 10°C min™ and finally raised from 230 to 280 at rate of 30°C min™.

2.3. Chromatography-mass spectrometry analysis

The oil was analysed by gas chromatography-mass spectrometry (GC-MS) using a Hewlett Packard 6890 mass selective
detector coupled with a Hewlett Packard 6890 gas chromatograph. The MS operating parameters were as follows:
ionisation potential, 70 eV; ionisation current, 2 A; ion source temperature, 200°C, resolution, 1000. Mass unit were
monitored from 30 to 450 m/z. Identification of components in the oil was based on retention indices relatives to n-alkanes
and computer matching with the WILLEY 275. Library as well as by comparison of the fragmentation patterns of mass
spectra with those reported in the literature [28]. The chromatographic conditions were identical to those used for GC/FID
analysis.

2.4. Antibacterial Activity of Oils

Antibacterial activity of essential oils was screened using the wet disc diffusion method [29]. Agar cultures of Gram-
negative bacteria of Salmonella sp, Klebsiella sp, Pseudomonas sp and Escherichia coli, and Gram- positive bacteria of
Streptococcus sp and Staphylococcus aureus were prepared. This method can be explained as following: A 16-h culture
was diluted with sterile physiological saline solution with reference to the MC Farland 0.5 standard to achieve an inoculum
of approximately 10° CFU/ml a suspension was swabbed in three directions on 4 mm thick Mueller Hinton agar (MHA)
(Oxoid, England) with a cotton swap. Sterile, 6mm diameter stainless steel cylinders were placed on plats of MHA, were
impregnated with 10ul of the oil and were placed on the inoculated plates (one disc per box). Then, these plates were
incubated for 24h at 37°C. The diameters of the inhibition zone were measured in millimetres.

2.5. Free radical-scavenging activity: DPPH test

Radical scavenging using the DPPH radical is the main antioxidant assay used to investigate the mechanisms by which
antioxidants act in food. We studied the free radical-scavenging activity of the EOs by the original method of [30] with
some modification. We made the final test solution (3 mL) by adding 0, 6 ml of various concentrations (11 ul/ml, 20 pl/ml,
40 pl/ml and 60 pl/ml) of the each sample were diluted in methanol and mixed with 2,4 ml of a 0.004% methanol solution
of DPPH(101.44pM). After a 30 min incubation period at room temperature, the absorbance was read against a blank at
517 nm. Inhibition of free radical DPPH in percent (1%) was calculated in following way:

104 = [Ahlank - Asamplej
Aplank

X 100
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Where Ay is the absorbance of the control reaction (containing all reagents except the test compound), and Agmge iS the
absorbance of the test compound. Extract concentration providing 50% inhibition (ICsy) was calculated from the graph
plotting inhibition percentage against extract concentration. Tests were carried out in double.

3. Results and discussion
3.1. Chemical composition of the essential oil

The results obtained by GC-FID and GC-MS analyses of the essential oils Rosmarinus officinalis.L
wild plant, Rosmarinus tournefortii wild plant and Rosmarinus Tournefortii domesticated plant are presented in
Table 1:

Table 1 Chemical compositions of the Essential Oil of Rosemary Leaves from Eastern Morocco

Rosmarinus. R.tournefortii. | Rosmarinus.
tournefortii domesticated officinalis.L
N° COMPOUNDS RT RI % Compound | % Compound | % Compound
Monoterpene hydrocarbons 35.79 63.88 12.42
1 Tricyclene 4.59 813 2.04 0.37 --
2 a-Pinene 6.78 916 0.63 44.21 5.74
3 Camphene 7.08 929 11.62 6.51 2.21
4 B-Pinene 7.44 944 14.72 1.13 3.71
5 Myrcene 8.10 971 3.30 3.28 0.75
6 a -phellandrene 8.46 | 986.7 - 1.35 -
7 a-Terpipene 9.28 1020 1.22 0.28
8 1'methy'k;§r;(zle'n’26thy'ethy') 932 | 10209 . 0.25 .
9 Limonene 9.36 1022.5 -- 3.85 --
10 Trans-B- ocimene 9.38 1024 -- 0.33 -
11 y-Terpinene 9.39 1025 2.24 1.52 .
12 Terpinolene 9.40 1027 -- 0.75 --
Monoterpenes oxygenated 62.68 17.63 77.65
13 1.8-Cineole 9.47 1028 10.09 -- 56.50
14 (+)-2-Carene 10.12 | 1054 0.27 . -
15 Linalool | 11.15 1096 - 2.28 1.70
Bicyclo[2.2.1]heptan-
16 2-ol. 1.3.3-trimethyl-. 11.62 1116.4 -- 0.54 --
(1r-endo)
17 Allo-ocimene 11.78 | 1123 0.88 0.27 --
18 Camphor 12.33 | 1146 39.27 7.64 13.56
19 Pinocarvone 12.69 | 1161 2.42 - --
20 1-Borneol 12.78 1165 3.98 6.52 2.92
21 Terpinen-4-ol 13.03 1175 1.78 0.36 --
22 (-)o.-Terpineol 13.35 | 1188 1.10 - 2.95
23 Nopol 13.66 1201 1.49 -- --
24 Verbenone 14.59 1242 0.58 -- --
25 Bornyl acetate 15.53 1283 0.78 - -
Sesquiterpene hydrocarbon 0.73 - -
26 a-Copaene | 1844 | 1418 073 - -
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Nineteen, Eighteen and Nine compounds were identified in the essential oils of R. tournefortii wild plant, R.
tournefortii domesticated plant and R. officinalis.L wild plant, respectively. As a result of GC-FID and GC-MS
analyses, R. tournefortii wild plant, R. tournefortii domesticated plant and R. officinalis.L wild plant. contained
a-Pinene (0.637% ; 44.22% ; 5.74%), Camphene(11.62% ; 6.52% ; 2.21%), B-Pinene (14.72% ; 1.14% ; 3.71%),
1,8-Cineole (10.1% ; not identifying ; 56.51%) and Camphor (39.27% ; 7.64% ; 13.56%) respectively, as the
major compounds. In addition 1,8-Cineole (56.51%) was present in oil of R. officinalis.L wild plant. The result
obtained is similar to that previously reported by different authors from different countries: in Iran [31],
Morocco [32], France [33], china [34], Serbia and Montenegro [35], Tunisia [36] and Turkey [37], while
Camphor (39.27%) was an additional compound in oil of Rosmarinus tournefortii wild plant, the result obtained
is similar to that found by O.0. Okoh & al in South Africa [21] and for a-Pinene (44.22%) was an additional
compound in R. tournefortii domesticated plant, the result obtained is similar to that previously reported by
different authors from different countries: in Algeria [38], Iran [39] and in Serbia [40]. Differences in oil
composition of Rosemary have already been reported [41, 42].

The monotepenes hydrocarbons (35.8% ; 63.88% ; 12.42%) respectively, represented mainly by a-Pinene,
Camphene, R-Pinene, Myrcene, formed the major group. There were some reports of the presence of alpha-
Pinene, 1,8- cineole, Camphor, Verbenone and Borneol, constituting about 80% of the total Rosmarinus
officinalis L. plant oil [25]. The major components, alpha-Pinene, Borneol, Camphene, Camphor, Verbenone
and Bornyl-Acetate, were also reported to be present in Sardinian R. Officinalis L. oil [43]. Compounds, such
as Camphene, Camphor, Verbenone and Borneol, reported as the major compounds, were also present in our oil
at a total contribution of 55.46% for Rosmarinus tournefortii wild plant (Table 1), for R. Tournefortii
domesticated plant present in our oil at a total contribution of 20, 67% and R. officinalis.L wild plant present in
our oil at a total contribution of 18.7%. These variations in chemical compositions of rosemary could be
attributed to climatic effects on the plants that are growing in different habitats [41].

3.2. Antimicrobial activity

The antibacterial activities of essential oils from rosemary leaves growing in eastern Morocco against the
microorganisms, was qualitatively and quantitatively assessed by the presence or absence of inhibition zones.
Table 2 reports the inhibition zone of essential oils determined for 6 of Gram positive and Gram negative
bacteria using the diffusion technique on solid media.
Table 2 Antibacterial activity of rosemary leaves essential oils as determined by diffusion technique on solid
media

Zone of inhibition of the essential oils (mm)
Micro-organisms R. officinalis.L R. tournefortii R. Tournefortii
wild plant wild plant domesticated plant

Bacteria Gram -

Salmonella sp 9 9 19
Klebsiella sp 15 9 32
Pseudomonas sp 10 0 11
Escherichia coli 14 9 20
Bacteria Gram +

Streptococcus sp 10 9 30
Staphylococcus 15 10 40

aureus

The results showed that the essential oil had a substantial inhibitory effect on all assayed bacteria strains noted
by large growth inhibition halos.
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The data indicated that Gram-positive Staphylococcus aureus was the most sensitive strain tested to the oil of
R.Tournefortii domesticated plant with the largest inhibition zone (40 mm). Also the Streptococcus sp, in
general, found to be the most sensitive among Gram-positive bacteria of R.Tournefortii domesticated plant with
inhibition zone of 30 mm. The Modest activities of R. tournefortii wild plant were observed against
Streptococcus sp, with inhibition zone of 9 mm. Gram-negative strains also displayed variable degree of
susceptibility against investigated oil. Maximum activity of R.Tournefortii domesticated plant was observed
against Escherichia coli with inhibition zone of 20 mm. Modest activity were observed against Pseudomonas sp
by essential oil R. tournefortii wild plant with inhibition zone of 0 mm.

The essential oil from R. officinalis has been reported to be weakly inhibitory against E. coli, S. aureus and
L. monocytogenes as compared to other oils [44]. Inhibition zones of E. coli and L. monocytogenes, on
exposure to R. officinalis oil-rich fractions, were about 17 mm [25] and about 16 mm [41]. And for ten (10)
bacteria selected by A.l. Hussain and al [45] the inhibition zones from has been included (14 — 24.4 mm).

The results of R. officinalis in this study are little different from that of the above report. Under equal
conditions, the difference in the diameter of zones of inhibition can be attributed to the techniques employed.
The major components of this oil, 1,8-cineole, has been known to exhibit antimicrobial activity against the
bacterial strains (E. coli, P. aeruginosa, S. typhi, S. aureus, rhizobium leguminosarum, and bacillus subtilis)
[46]. Although Terpinen-4-ol represents a minor constituent in the oil under study, it is known to have very
efficient antibacterial properties [47].

3.3. Antioxidant Activity of Essential Oils:

The DPPH radical scavenging activity of the essential oil might prevent reactive radical species from
damaging biomolecules such as PUFA, DNA, protein and sugars in susceptible biological and food systems
[48]. First, we studied the radical scavenging capacity (RSC) of the three essential oils from rosemary leaves by
the original DPPH test of [30]. Antioxidant activities of essential oils from aromatic plants are mainly attributed
to the active compounds present in them. This can not only be due to the high percentage of main constituents,
but also to the presence of other constituents in small quantities or to synergy among them. In this study, the
antioxidant activity of essential oils of rosemary leaves growing in eastern Morocco compared with Ascorbic
acid (IC50= 24.88 + 0.48 ul/ml with r?= 0.98 and in triplicate (n=3) ) as a reference anti-oxidant compound
were determined by the method of DPPH radical scavenging assay and the results are summarized in table (3).
The EO from the R.Tournefortii domesticated plant was the most active with (20.17 £ 1.04 ul/ml), followed by
the oils from the R. tournefortii wild plant (28.97 £+ 0.86 pl/ml) and then from R. officinalis.L wild plant with
(37.95 £ 1.11 pl/ml). It was found that the essential oils of R.Tournefortii domesticated plant and the R.
tournefortii wild plant showed good antioxidant capacities compared with Ascorbic acid.

Table 3 Increase in the DPPH scavenging ability increasing the EO concentration.

Con?ﬁ?/mt)ions (DPPH) RSA% (n=2)
R. officinalis.L R. tournefortii R. Tournefortii

wild plant wild plant domesticated plant

11 32.06+ 0.82 33.28+1.01 39.76% 1.25

20 36.81+1.13 44,73+ 1.06 51.50+ 0.88

40 55.13+ 1.1 63.06+ 0.98 69.83+ 1.09

60 62.41+ 1.67 70.34+1.23 77.11+0.74
Calibration y=0.6527x + 25.226 | y=0.7548x + 28.134 y=0.7592x + 34.689

Curve r’=0.9673 r’=0.948 r’=0.9471

I1Cso (/ml) 37.95+1.11 28.97+ 0.86 20.17+£1.04
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Figure 1: Free radical-scavenging activities (%) of rosemary leaves growing in eastern Morocco essential oil
and Ascorbic acid measured by DPPH assay.

Fig. 1 shows the scavenging effect of the essential oil of rosemary leaves growing in eastern Morocco on the
DPPH radical. DPPH is a stable radical that loses its purple colour when it accepts an electron from an
antioxidant molecule. Ascorbic acid was used as the reference standard. The essential oil exhibited a
concentration dependant scavenging of DPPH radicals comparable to the reference standard. In this study, the
essential oils of rosemary leaves are found to possess remarkable radical-scavenging and antioxidant activities.
The obtained herein were found to be in agreement with the findings of several authors who reported that the
efficiency of an antioxidant component to reduce DPPH essentially depends on its hydrogen donating ability,
which is directly related to the presence of the abundance of monoterpenes hydrocarbons [46] and oxygenated
monoterpenes [49]. Then, the results obtained are very similar to that found by [46] who reported that the
monoterpene hydrocarbons had a significant protective effect due to the different functional groups.

Conclusion

In conclusion, we have developed a strategy to isolate the essential oil from the leaves of rosemary growing in eastern
Morocco and analyse it by GC-FID and GC-MS. The major components were a-pinene (44.22%) in R.Tournefortii
domesticated plant; camphor (39.27%) , B-pinene (14.72%) , camphene (11.62%) , 1,8 cineol (10.1%) in R. tournefortii
wild plant; and 1,8 cineol (56.5%) , camphor (13.56%) in R. officinalis.L wild plant. The biological evaluation in this study
suggested that the essential oils of the leaves of rosemary growing in eastern Morocco, particularly the R.Tournefortii
domesticated plant, exhibited a potent broad spectrum of antimicrobial and antioxidant activities which could be a natural
alternative to synthetic preservatives to enhance the safety and the shelf life of food.

Acknowledgments - This work was supported by the cooperation between Morocco and Belgium UMPCUDB (Mohamed |
University—the University Commission for Development-Belgium).

References

1. Kumarappan C.T., Thilagam E., Mandal S. C., Saudi. J. Biol. Sci. (2012) 349.

2. Aouinti F., Zidane H., Tahri M., Wathelet J. P., El Bachiri A., J. Mater. Environ. Sci. 5 (2014) 199.

3. Motlagh M.K., Sharafi M., Zhandi M., Sangcheshmeh M.A., Shakeri M., Soleimani M., Zeinoaldini S., Cryobiology 69
(2014) 217.

Khoudali S., Left D. B., Essaqui A., Zertoubi M., Azzi M., Benaissa M., J. Mater. Environ. Sci. 5 (2014) 887.

Karpinska M., Borowski J., Danowska-Oziewicz M., Food Chem. 72 (2001) 5.

Ganesan K., Suresh Kumar K., Subba Rao P.V., Innov. Food Sci. Emerg. Technol 12 (2011) 73.

Nissen L.R., Mansson L., Bertelsen G., Huynh-Ba T., Skibsted L.H., J. Agric. Food. Chem. 48 (2000) 5548.

Xiang Q., Liu Z., Wang Y., Xiao H., Wu W., Xiao C., Liu X., Food Chem. Toxicol. 53(2013) 1.

. Reddy V., Urool A, KumarA Food Chem 90 (2005) 317.

10 Valenzuela A., Sanhueza J., Nieto S., Grasas Aceites. 54 (2003) 295.

11. Aherne S. A., Kerry P.J., O’Brien N. M., Brit. J. Nutr 97 (2007) 321.

12. Juhas S., Bukovska A., Cikos S., Czikkova S., Fabian D., Koppel J., Acta Vet Brno., 78 (2009) 121.

©oo~N R

671



J. Mater. Environ. Sci. 6 (3) (2015) 666-672 Tahri et al.
ISSN : 2028-2508
CODEN: JMESCN

13.
14,
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.

36.
37.

38.
39.
40.
41.
42,
43.

44,
45.
46.

47.
48.
49,

Barni M. V., Fontanals A., Bol. Latinoam. Caribe Plant. Med. Aromat 8 (2009) 219.

Barni M. V., Carlini M. J., Cafferata E. G., Puricelli L., Moreno S., Oncol. Rep. 27(2012) 1041.

Mengoni E. S., Vichera G., Rigano L. A., Rodriguez-Puebla M. L., Galliano S. R., Cafferata E. E., Pivettae O. H.,
Morenod. S., Vojnov A. A, Fitoterapia, 82(2011) 414.

Celiktas O. Y., Kocabas E.E. H., Bedir E., Sukan F. V., Ozek T., Baser K.H.C., Food Chem. 100 (2007) 553.

Moreno S., Scheyer T., Romano C. S., Vojnov A. A,, Free Radical. Res 40 (2006) 223.

Burt S., Review. Int. J. Food Microbiol, 94 (2004) 223.

Celiktas O. Y., Kocabas E. E. H., Bedir E., Sukan F. V., Ozek T., Baser K. H. C., Food Chem, 100 (2007) 553.
Jamshidi R., Afzali Z., Afzali D., American-Eurasian J. Agric. & Environ. Sci, 5 (2009) 78.

Okoh 0. 0., Sadimenko A. P., Afolayan A. J., Food Chem, 120 (2010) 308.

Zaouali Y., Bouzaine T., Boussaid M., Food.Chem. Toxicol, 48 (2010) 3144.

Ekren S., Yerlikaya O., Tokul H. E., Akpmar A., Agu M., Afr. J. Microbiol. Res.7 (2013) 383.

Ivanovic J., Misic D., Zizovic I., Ristic M., Food Control, 25 (2012) 110.

Santoyo S., Cavero S.,Jaime L., Ibafiez E., Sefiorans F.J., Reglero G., J. Food Prot. 68 (2005) 790.

Hamedo H. A., Abdelmigid H. M., Open Biotechnol. J, 3(2009) 50.
Rasooli 1., Food, 1 (2007), 111.

Adams R.P., 4th Edition, Allured Publishing Corporation, Carol Stream (2007) 28.

Unlii G. V., Silici S., Unlii M., World J Microbiol Biotechnol 24 (2008) 1011.

Kumar A., Kumari S. N., Bhargavan D., Asian J Pharm Clin Res, 5 (2012) 146.

Heravi J. M., J. Chromatog A 1218 (2011) 2569.

Mounchid K., Posters P214 / Transfus. Clin. Biol. 12 (2005) S135-5136.

Rezzoug S.A., Boutekedjiret C., Allaf K., J. Food Eng 71 (2005) 9.

Jiang Y., Wu N., Fu Y.J.,, Wang W., Luo M., Zhao C.J, Zu Y.G., Liu X.L., Environ. Toxicol. Pharmacol 32 (2011) 63.
Suzana |., Dimitrijevi¢ Katarina .R., Mihajlovski Dusan .G., Antonovi¢ Mirjana. R., Milanovi¢-Stevanovi¢ Dusan
7. Mijin., Food Chem 104 ( 2007) 774.

Yosr Z., Mohamed B., Biochem. Syst. Ecol 36 (2008) 11.

Yesil Celiktas O., Hames Kocabas E.E., Bedir E., Vardar Sukan F., Ozek T., Baser K.H.C., Food Chem 100 (2007)
553.

Nabil B., Maryline A. V., Mohamed A. F., Emmanuel P., Meklati Brahim Y., Farid Ch., Food Chem 114 (2009) 355.
Latifa G., Davood Y., Mohammad B.R., Masood T., Shakiba A. A., Iraj R., Food Chem 102 (2007) 898.

Jasna I., Dusan M., Irena Z., Mihailo R., Food Control 25(2012) 110.

Gachkar L., Yadegari D., Rezaei M.B., Taghizadeh M., Astaneh S.A., Rasooli I., Food Chem. 102 (2007) 898.

Tahri M., Imelouane B., Aouinti F., Amhamdi H., Elbachiri A., Res Chem Intermed, 40 (2014) 2651.

Angioni A., Barra A., Cereti E., Barile D., Coisson J.D., Arlorio M., Dessi S., Coroneo V., Cabras P., J. Agric.
Food Chem. 52(2004) 3530.

Lopez P., Sanchez C., Batle R., Nerin C., J. Agrc. Food Chem, 53(2005) 6939.

Hussain A., Zaman M. K., Ramteke M., Asian. J. Pharm. Clin. Res. 3(2010) 46.

Imelouane B., Tahri M., Ankit M., Khdid K., Amhamdi H., Dubois J., Elbachiri A., Rev. Microbiol. Ind. San et
Environn, 4 (2010) 120.

Carson C.F., Hammer A., Riley T.V., Clin. Microbiol. Rev (2006) 50.

Gupta D., Bleakley B., Gupta R. G., J. Med. Plant. Res. 5 (2011) 2736.

Tepe B., Daferera D., Sokmen M., Polissiou M., Sokmen A., J. Sci. Food Agric. 84 (2004) 1389.

(2015) ; http://www.jmaterenvironsci.com

672


http://www.jmaterenvironsci.com/

