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ABSTRACT

In order to discover the virtues of untapped local plants, the essential oil (EO) of a local species (Carum montanum) has been
evaluated for its antibacterial and anti-oxidative qualities. The EO was obtained by hydrodistillation by a Clevenger
apparatus. This EO was screened for antibacterial activity against 11 ATCC Bacterial strains by agar diffusion method. MICs
of the EO against the susceptible strains were determined by both macro and micro-dillution. The mechanism of action of the
EO was determined on the susceptible strains by the time kill assay and the lysis experience. Anti-oxidative properties were
studied by both free DPPH radical scavenging and reducing power techniques. B. cereus was the most sensitive strain with
MIC of 55.5 pg/ml followed by K. pneumoniae (111 pg/ml). A remarkable decrease in the survival rate as well as in the
absorbance at 260 nm was recorded, which suggest that the cytoplasm membrane is one of the targets of the EO. Anti-oxidative
effect was concentration dependent and IC50 values was 1.09 + 0.37 pg/ml by DPPH method and a reducing power dose-
dependent. In conclusion, C. montanum EO showed potent antimicrobial and anti-oxidative activities and have acted on the

cytoplasm membrane. These activities could be exploited mostly in food preservation.
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The Apiaceae/Umbelliferae is a large and taxonomically complex family of flowering plants. They are relevant in a number of
very different scientific fields, and have many uses. They are, also, of great interest to taxonomists, florists, ecologists,
phytosociologists, phytochemists, horticulturists, as well as professionals involved in medicinal plants, aromatic, food industry
and gastronomy. Common caraway is one of the oldest herbs known [1] and the genus Carum was established since 1753[2]. It
is naturally found in Asia, central Europe, North Africa [1], Siberia and Turkey [3]. The genus Carum is an important genus of
the Apiaceae family, and contains about 20-30 species. The best-known species of this genus is Carum carvi [4]. This herb was
first used by the ancient Arabs and Pliny recommended it for hysterical complaints and pale complexions [3]. Caraway seeds
are used as a flavoring of bread, cheese, sauerkraut, candies, meat products and sauces and as a source of carvone for
cosmetics, toothpaste, chewing gum and pharmaceutical preparations. The seeds have been used in alternative medicine as a
laxative, in colic treatment and as a breath freshener. The seeds have been found to have antipasmodic, carminative,
emmenagogue, expectorant, galactagogue, stimulant, stomachic and tonic properties [3]. C. montanum (syn. Selinopsis
montana Coss. et Dur.) grows wild in calcareous mountainous regions, such as the Constantine Tell and Saharian Atlas, as well
as in the Kabyle and Numidian areas. It is characterized by smooth stems (10-15 cm), white flowers and an oblong fruit (2-2.6
mm) [5]. Carum carvi, the generic type of this genus, has been widely studied regarding its chemical constituents and biological
activities but there seems to be no report on C. montanum. Contrary to C. carvi, this species has neither medical nor culinary
applications, but is commonly grazed by the livestock [6]. In developing countries, as Algeria, people tend to use medicinal
plants for their affordable prices as well as for their safety. In order to screen new bioactive chemicals from local wild plants,
we have investigated antimicrobial and anti-oxidative properties of the essential oil of this species for possible use in

therapeutics.

MATERIALS AND METHODS

Plant material

The aerial parts of C. montanum were collected from the mountain Megress (located about twenty kilometers northwest of the
capital of Sétif) at an altitude of 1500 m above sea level. The plant was identified by Pr H. Laouer (Laboratory of Valorization
of Natural Biological Resources, University of Sétif, Algeria) then they were freed of impurities and dried in the shade at room

temperature.

EQO’s extraction
To obtain the essential oil (EO), the air-dried parts of the plant were cut into thin parts and were subject to a hydrodistillation

for three hours using a Clevenger-type apparatus. The oil was stored in refrigerator (4°C), until use.

Antibacterial activity

Agar diffusion method

A preliminary antibacterial activity of the EO was determined by the agar diffusion method using the six mm diameter discs.
Briefly, The Mueller-Hinton Agar (MHA) was seeded by swab with a young culture of 0.5 Mc Farland density [7]. Then discs
impregnated with a volume of 10 pl of different dilutions are deposited on the seeded Petri dish which is pre-incubated for 1/2
h at room temperature, allowing the complete diffusion of the EO and then incubated at 37°C for 24 h. The antibacterial
activity was determined by measuring the inhibition zone diameters (mm). Gentamicin (GM), with a charge of 10ug, was used

as a positive control.
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Determination of MICs

Agar dilution method

A solution of sterilized Tween80 in distilled water (10%) was added to an amount of EO so that the ratio EO/Tween was 80/20
(v/v). The mixture was stirred for 2 to 3 minutes to disperse in the EO stock solution (S). Next, twofold series dilutions were
made to obtain the range of dilutions. In test tubes each containing 18 ml of sterilized agar medium and kept molten at 50 °C in
a water bath, was added, aseptically, 50ul of the solution S or various dilutions. After solidification of the medium, inoculating
the agar, containing the EO or not (negative control) was performed on the surface. Seeding surface was made of a bacterial
suspension with a density of 105 UFC/ml [8,9,10].

Broth micro-dilution method

This method involves the use of small volumes of broth dispensed into sterile plastic micro-dilution trays. A twofold dilution of
the EO volumetrically in broth was made. Then, it was dispensed into the wells so that each well contained 0.1 ml. A
standardized inoculum of 5 x 105 UFC/ml was inoculated in each well. The inoculated micro-dilution trays were incubated at
35 + 2°C for 24 h [10].

Broth macro-dilution method

A standardized inoculum at 0.5 McFarland was prepared, then diluted in a broth such that the final density was 5 x 105 UFC /
ml. 1 ml of the adjusted inoculum was added to each tube containing 1ml of extract in dilution series and mixed. A positive
control was prepared containing only inoculated broth. The MIC is the minimum concentration of extract that completely

inhibits the growth of microorganisms; it is presented by the first tube showing a disorder and is detected by the naked eye [10].

Mechanisme of the antibacterial activity

Time Kill assay

This method allows the characterization of the antibacterial EO activity over time. It assesses the decrease of bacteria, which
are subject to a given EO concentration over several hours. A standardized suspension of 108 UFC/ml was diluted on 1/20. A
total of 1 ml of this inoculum was introduced into 9 ml of Muller-Hinton broth-Tween 80 (0.01%, v/v) in the absence (growth
control) or in the presence of a concentration corresponding to the MIC of the EO in the liquid medium. The suspension
obtained contained approximately 5 x 105 UFC/ml and was maintained under stirring at 37 °C. A total of 100 ml of the
suspension were removed at different time (0, 2, 4, 6, 8 and 24 h) to carry out a counting on methionine hydroxy analog agar
after incubation at 37 °C for 24 h. The quantification of the number of bacterial colonies was limited to the value of 102
UFC/ml. Results were interpreted by a bactericidal curve representing time intervals on the abscissa axis and the number of

survivors on the ordinate axis [11, 12].

Bacterial lysis

This method determines if there is a bacteriolytic action of EO by measuring the absorbance at 620 nm [12]. Indeed, nonlysed
bacteria absorb in 620 nm, so if there is a bacteriolysis, absorbance at 620 nm over time will decrease. A young bacterial
suspension was standardized at 3.1010 UFC/ml (OD620 ~ 0.3), placed in a sterile tube in the absence (negative control) or in
the presence of EO at two concentrations, one corresponding to the MIC and the other two times the MIC. Suspensions

obtained were subjected to agitation. On time 0 s, 30 s, 30 min, 60 min, 90 min and 120 min, they were diluted to 1/100 and

51
Scholar Research Library



KOLLI EL, etal Der Pharmacia Lettre, 2017, 9 [6]: 49-62

absorbencies were measured at 620 nm. The results were expressed as the relative optical density (OD620) in each time

interval.

Anti-oxidative activity

DPPH radical scavenging assay

The DPPH radical absorbs at 517 nm and the anti-oxidative activity can be determined by recording the decrease of the
absorbance of the extracts. 50ul of each different EO dilution were mixed with 1250 ul of a methanol solution of DPPH (0.004
%). The absorbance was measured after 30 min of incubation in the dark. Synthetic antioxidant, BHT was used as positive
control. Thus, the calibration curves representing the percentage of inhibition versus concentrations were performed using
Graph-pad prism programs. The ability to scavenge DPPH radical is calculated as follows;

1% = [(Abs517 control-Abs517 sample) / Abs517control] x 100. The 1C50 values were estimated by a linear regression. The
values are presented at least as the mean of triplicate measures [13].

Reducing power assay

It is a technique that measures the reduction of Fe3+ (ferric iron) to Fe2+ (ferrous iron) in the presence of the extract tested.
The presence of reducers in plant extracts causes the reduction of Fe3+ in a complex of ferricyanid to form ferrous iron Fe2+.
Therefore, Fe2+ can be assessed by measuring the increase of the density of the green color in the reaction medium at 700 nm
[14]. In a test tube containing 1 ml of EO dilution, was added 2.5 ml of phosphate buffer (0.2M, pH 6.6 ) and 2.5 ml of
potassium hexacyanoferrate [K3Fe (CN)6] (10g/l). The whole is heated to 50 °C in water bath for 20 minutes. A volume of 2.5
ml of trichloroacetic acid (TCA) (100 g/l) was then added to stop the reaction. Finally, 2.5 ml of the supernatant was mixed
with 2.5 ml of distilled water and 0.5 ml of ferric chloride [FeCI3] (1g/l). A blank sample is prepared in the same conditions.
The absorbance was read at 700 nm. BHT is used for the positive control. An increase in absorbance corresponds to an increase

of reducing power of the extract tested [15, 16, 17]. The values are presented as the means of triplicate measures.

Statistical analysis
All experiments were done in triplicate and results were reported as mean + SD. The results of various tests were analyzed by
the Student t test for single comparisons and ANOVA followed by Tukey and Dunnett's test for multiple comparisons and for

the determination of significance level. The analysis was done through “Graphpad Prism” version 5.0 software.

RESULTS AND DISCUSSION
Antimicrobial activity
Disc diffusion method
Carum EO, which is very rich in phenylpropanoids (Table 1) with 71.1%, exhibited a moderate non-selective activity against
the tested strains (Table 2).
Table 1. Chemical composition of the essential oil of C. montanum

Chemical compound Percentage Percentage
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Phenylpropanoids 71.9
Oxygenated sesquiterpenes 0.2
Sesquiterpene hydrocarbons 15.4
Hydrocarbon monoterpenes 5.0
Other compounds identified 1.9
Other unidentified compounds 5.6
Table 02: Inhibition diameters in mm of C. montanum extracts
Microbial strain 10 W EQ in GM
Pseudomonas aeruginosa (ATCC i 8
27853)
Escherichia coli (ATCC 25922) 08 £0.00 22
Salmonella typhimurium (ATCC
13311) 11 +0.00 20
Acinetobacter baumanii (ATCC
19606) 11 +0.00 20
Staphylococcus aureus (ATCC
25923) 13 +0.00 31
Klebsiella pneumoniae (ATCC
700603) 20 +0.00 25
Bacillus cereus (ATCC 10876) 16 £0.00 19
Enterococcus faecalis (ATCC
49452) 12 +0.00 20
Lysteria monocytogenes (ATCC i 19
15313)
Citrobacter freundii (ATCC i 18

8090)
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Proteus mirabilis (ATCC 35659) 8+28 26

GM :gentamicin, -: no activity.

The detailed analysis of the EO of C. montanum was previously reported [6]. it was mainly composed of phénylpropanoides
(71.9%) and sesquiterpene hydrocarbon (15.4%). The predominance of a single compound in our EO (Nothoapiole) is not
surprising but rather rare. According to Bakkali et al., (2008), the main constituants of essential oils are terpenes, terpenoids and
the other of aromatic and aliphatic constituents, all characterized by low molecular weight [18]. In a case similar to ours, EOs of
the wild carrot (D. carota) is composed of 45.0% phenylpropanoids [19]. Although Raut and Karuppayil (2014) confirm the
presence of phenylpropanoids more frequently in Apiaceae family [20]. According to Garnero (1996), it is not unusual to
recognize certain EOs that are very rich in a given constituent. This is the case of the Brazilian rosewood EO, rich in linalo, EO
of badian, green anise and fennel rich in trans-anethole, EO Eucalyptus globulus are rich in 1,8-cineol [21]. Thus, C. copticum
EO is constituted, in major part, by a monoterpenoid which is y-terpineol (55.75%) [22]. The oil of the root bark of Securidaca

longepedunculata containss more than 90% of methyl salicylate [23].

The non-selectivity of the antibacterial activity is due to the huge variety in composition of EOs which does not define any
particular spectrum at each oil or even to classify them by adopting the conventional activity test Gram+ and Gram [24]. The
susceptibility of different bacteria toward Carum’s EO has been reported by several authors; C. carvi [25, 1, 26] and C. copticum
[27]. The species B. cereus was most susceptible, which was the same with the EO of C. carvi [25], but S. aureus sensitive to this
oil was moderately sensitive to C. carvi EO, from 17 different regions [26]. The a-pinene, the limonene, the B-pinene, the thymol,
the y-terpinene, the myrcene, the phellandrene, the geranial, the dillapiole and the cymene are present in our oil and they are
considered as potential antimicrobials [28]. Generally, phenylpropanoids, may be the cause of the antibacterial activity because
they have been isolated previously from a species known to exert a protective action against phyto-pathogens (bacteria and fungi)
[29]. Noting that the activities observed by the EO were all bacteriostatic.

Determination of MICs

The MICs of the EO were evaluated only on the strains which gave inhibition diameters equal to or greater than 15mm. The
inhibition in agar occurred in the highest concentration tested (35.80 pg/ml). B. cereus was the most sensitive strain with MIC of
55.5 pg/ml by broth micro-dilution method. Then came K. pneumoniae (111 pg/ml). Indeed, the MIC value cannot be determined
exactly because of the spaced concentrations. However, we can say that the MIC is in the range where the minimum value is
greater than the highest concentration where there was the bacterial development and lower than or equal to the lowest
concentration where there was a complete absence of bacterial growth. The observed differences in MICs values can’t be
considered a significant difference in activity due to changes usually known and observed in these techniques, even using
standardized methods [35]. For example, by comparing the micro-dilution technique with that of the E-test, there was different

values of MICs, it was concluded that this phenomenon can be explained by the high frequency of spontaneous mutations and
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loss of activity of antimicrobial agents unstable during incubation, which can lead to concentrations inhibitors that could
encourage the emergence of resistant strains [30]. According to the CLSI (2012), the MIC from the micro-dilution for Gram
bacilli are the same or lower than those from the macro-dilution as in the case of K. pneumonia[10]. By testing the sensitivity of
several strains overlooked antibiotics, it was found that the method of micro-dilution seems to be a simple and reliable method
for the determination of MICs and it can offer an interesting alternative to the agar dilution method [31]. In fact, the choice of
method to be used is made according to the advantages and inconveniences of each. The micro-dilution is economic in material
as well as in extracts but delicate, macro-dilution is easy in the interpretation but requires quantities of the extract. The macro-
agar dilution is fast and economical and can test several strains at once and contamination can be directly recognized but requires

large amounts of extracts.
Mechanism of action of the EO
Time Kill assay

It is found that the activity of the EO against the tested bacteria persists over time (Figure 1). This activity begins slowly, and
then there is a rapid decrease leading to low concentrations, but without the total absence of viable forms of the bacteria.

Bacillus Klebiella
3.0x10° - 8.0x10° -
EO ns EO ns
’ — —— Control
Control 6.0,0° -
2.0x10° _
E E
35 O 4.0x10° -
LL s
O 100t D
\ 2.0x10° -
0 0 1 2 3 4 515 20 25 30 0 y Y y
0 10 20 30
Time (h) Time (h)

Figure 1: Time kill curves of bacterial strains exposed to C montanum EO.

The persistence of viable forms of the bacteria can be explained by the fact that the EO is bacteriostatic and not bactericidal.
Despite the continuous agitation of the reaction medium, there is always the problem of miscibility, which shares the medium
giving rise to the bacterial development away from the micelles of the EO. Indeed, the activity of the EO differs according to the
growth phase; the action is lower during the stationary phase when the bacterium is in a state of rest, in the phase of decline the
activity increases. These results showed that the treatment time and concentration of the EO had a great influence on the

antibacterial effect.

Bacterial lysis
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This experiment informs us if EOs act on the cell membrane thus inducing lysis. This is one of the frequent mechanisms caused
by antibacterial agents. The results obtained are represented by curves (Figure 2) showing the relative percentage of the
absorbance of the bacterial suspensions as a function of time. The decrease in absorbance is explained by a rate of cell lysis
because only the living cells absorb at the wavelength of 620 nm, which is not the case for lysed cells. The absorbance
measurements are carried out for two hours at different intervals. The relative absorbencies corresponding to the control strains
represent an increase of more than 400% indicating the ordinary growth of the bacteria in the exponential phase. Then, a drop in
absorbance appears in the stationary phase. Each strain has a different absorbance after one and a half hour of incubation. When
the bacteria were exposed to concentrations corresponding to MICs, relative absorbance values decreased by 100% at lower but
different values; 66.7% (B. cereus), 12.5% (K. pneumoniae). Only in the second case there was a continuous decrease until the
end of the experiment. The incubation of the strains with concentrations corresponding to four times the MIC did not give

significant differences (P < 0.01) in absorbencies.

600' 500'
-— K.pneumoniae — B. cereus
— MIC 4004
. — 4xMIC 8 — MIC
8 400 8 e
_‘;; § 300- 4xMIC
2 2
2 8 200-
£ 2004 S
100 N
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0 50 100 150
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Figure 2: Curves of bacterial lysis of the bacteria exposed to the EO of C. montanum.

Hydrocarbon monoterpenes or sesquiterpenes and their oxygenated derivatives exhibit potential antimicrobial activity [32].
Interactions with the hydrophobic structures of the bacteria play a key role in the antimicrobial effect of these molecules [12].
Bacteria are less sensitive in the stationary phase than in the exponential phase. Since antimicrobial agents that act on the
synthesis process often have small effects in the stationary phase, these results suggest that the primary EO target is not the
synthesis of macromolecules [12]. The penetration of active plant compounds into the cytoplasmic membrane is likely to have a
profound effect on the physical property of the phospholipid bilayer. This modification could interfere with transmembrane
transport processes resulting in changes in the secretion of proteins associated with bacterial virulence in the surrounding
environment [33]. Some antimicrobial agents cause large changes in the plasma membrane, causing complete cell lysis. Autolytic

enzymes induce lysis. Although activation of auto-lytic enzymes may be responsible for this effect, lysis may also be due to
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weakening of the cell wall and subsequent rupture of the cytoplasmic membrane due to osmotic pressure (Rather than a specific

action on the membrane) [12].
Antioxidant activity
Scavenging ability on DPPH radicals

It is clear that the scavenging activity of the EO is dose-dependent (Figure 3). The ICg, value 1.09 + 0.37 pg/ml showed that this
EO was more active by comparing it with that of the BHT (87.26 + 0.001 pg/ml), that is the same with C. bulbocastanum [34].
Despite these values, the difference remained statistically not significant at p < 0.05. Many studies on the antioxidant activities of
EOs of a wide variety of aromatic plants show that these properties are related to their chemical composition, it is difficult to
attribute these activities to one compound but that is the result of a synergistic effect between the various compounds. Some EOs
has the potential to preserve food. Oregano EO, rich in Thymol and Carvacrol, had significant antioxidant effects on the
oxidation process [36]. The activity of the EO of C. bulbocastanum was attributed to the Nothoapiole [34] which is the main
component in C. montanum EO [6]. This value is very good compared to that obtained by the phenolic extract of C. carvi (ICsg:
2.7 mg/ml) [37] and the ethanol extract of C. nigrum (ICsq: 14 mg/ml), where antioxidant activity was also dose-dependent [38,
1]. However, the ME of C. Carvi from the Himalayas presented a higher activity than that of our extract with an 1Cs, of 6.9

pg/ml [44]. The antioxidant effect can be due to the presence of hydroxyl groups in their chemical structures [36].

BHT
EO ‘0.

804 30 .

60+
20+ E

% inhibition
.l

40+

% inhibition

104
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o

0 T 1 ! T T T 1
0 1 2 3 4 5 0 5 10 15 20 25

Concentration pg/ml Concentration pg/ml

Figure 3: DPPH scavenging effect of C. montanum EO and this of BHT Each value represents the mean + SD (n= 3)
Reducing power

The reducing power of the EO is concentration dependent (Figure 4), in the range of 49.47 pug/ml to 84,57ug ml, it increased

only slightly. However, the power of BHT is much higher but statistically not significant at p < 0.05. The reducing power of the
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EO is concentration dependent. Other species tested of Carum have also presented interesting reducing powers; The EO of C.
nigrum, C. bulbocastanum showed a very high reducing power than BHT [34, 13]. This activity can be attributed to some
substances known to be anti-oxidative such as y-terpinene and myrcene [28]. Mostly, the anti-oxidative potential of the EOs may
be due to the presence of various types of compounds. In addition, the anti-oxidative activity could be a result of synergistic
effects of two or more compounds and most compounds natural anti-oxidative work in synergy with each other to produce a wide
range of anti-oxidative properties that create a defense effect system against free radicals [34]. These results corroborate with
those of Thippeswamy et al. (2013) [37] where the phenolic extract of C. carvi showed a great power than the BHT. However,
Xavier et al. (2011) [38] found that the extract of C. carvi from the Himalayas was the less active among several species tested,
compared to ascorbic acid, used as reference. The components with a reducing power are electron donors and can reduce the

oxidized intermediates of the process of lipid peroxidation reaction, so they can act as primary or secondary antioxidants [17].

EO BHT

2.0+

1.0+

0.8
1.5+

1.0
0.4+

Absorbance
Absorbance

0.5
0.2

OO T T 1 0.0 = T T 1
0 50 100 150 0 20 40 60
concentration (pg/ml)

concentration (pg/mi)

Figure 4: Reducing power of C. montanum EO and this of BHT
Each value represents the mean + SD (n= 3).
CONCLUSION

In conclusion, we can say that the essential oil of C. montanum exhibited very interesting antimicrobial activities with MICs
which differ depending on the technique used. These activities can be used in food preservation after being tested for an eventual

cytotoxicity.

Acknowledgment: This work was supported by a grant from the Algerian government.

58
Scholar Research Library



KOLLI EL, etal Der Pharmacia Lettre, 2017, 9 [6]: 49-62

RERERENCES

1. Fang R, Jiang CH, Wang XY, et al., Insecticidal Activity of Essential Oil of Carum Carvi Fruits from China and Its Main

Components against Two Grain Storage Insects, Molecules, 2010. 15: 9391-9402.

2. Zakharova EA, Degtjareva GV, Kljuykov EV, et al., The taxonomic affinity of Carum piovanii Chiov and some Bunium

species (Apiaceae), S AFR J BOT., 2014. 94: 122-128.

3. Carvalho CD, Fonseca MMR, Carvone Why and how should one bother to produce this terpene, Food Chem, 2005. 95:413-

422.

4. Laribi B, Kouki K, Bettaieba T, et al, Essential oils fatty acids composition of Tunisian, German and Egyptian caraway

(Carum carvi L.) seed ecotypes: A comparative study, Ind Crops Prod, 2013. 41: 312-318.

5. Quezel P, Santa S, Nouvelle flore de I’Algérie et des régions désertiques et méridionales, Tome II, Centre National de la

Recherche Scientifique, Paris, 1963.

6. Laouer H, Kolli MEI, Prado S, et al. An Antibacterial and Antifungal Phenylpropanoid from Carum montanum (Coss. et

Dur.) Benth. et Hook. Phytother. Res 2009. 23(12):1726-30.

7. Rahal K, Standardisation de L’antibiogramme en Médecine Humaine a 1’Echelle Nationale selon les recommandations de

’OMS, 5™ édition, éd Ministére de la Santé, de la Population et de la Réforme Hospitaliére, Alger, 2008.

8. Benjilali B, Tantaoui-Elaraki A, Ismaili-Alaoui M, et al. Méthode d'étude des propriétés antiseptiques des huiles essentielles

par contact direct en milieu gélosé. Plantes médicinales et phytothérapie, 1986. 2:155-167.

9. Guinoiseau E, Antibacterial Molecules Derived from Essential Oils: separation, identification and mode of action, DSc

thesis, University of Corse, France, 2010.

10. CLSI, Clinical and Laboratory Standards Institute, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria

That GrowAerobically; Approved Standard, Ninth Edition, M0O7-A9. Wayne, 2012.

11. Schwalbe R, Steele-Moore L, Goodwin AC. Antimicrobial Susceptibility Testing Protocols, Taylor and Francis Group,

2007.

12. Carson CF, Mee BJ, TV. Riley, Mechanism of Action of Melaleuca alternifolia (Tea Tree) Oil on Staphylococcus aureus
Determined by Time-Kill, Lysis, Leakage, and Salt Tolerance Assays and Electron Microscopy, Antimicrob Agents
Chemother, 2002. 46 (6):1914-1920.

59
Scholar Research Library



KOLLI EL, etal Der Pharmacia Lettre, 2017, 9 [6]: 49-62

13. Singh G, Marimuthu P, Heluani CS, CAN. Catalan, Antioxidant and biocidal activities of Carum nigrum (seed) essential

oil, oleoresin, and their selected components, J Agric Food Chem, 2006. 54: 174-181.

14. Bougandoura N, Bendimerad N, Evaluation of the antioxidant activity of aqueous extracts and methanol of Satureja

calamintha ssp. nepeta (L.) Brig. Nat. Methods, 2013. 9: 14-19.

15. Bourkhiss M, Hnach M, Paolini J, et al. Antioxidant and anti-inflammatory essential oils of different parts of Tetraclinis

articulata (VAHL), Bull Soc R Sci Liege, 2010. (79):141-154.

16. Liu DM, Sheng JW, Qi HM, et al, Antioxidant activity of polysaccharides extracted from Athyrium multidentatum (Doll)

Ching, J. Med. Plants. Res, 2011. 5(14): 3061-3066.

17. Narasimhan MK, Pavithra SK,. Krishnan V, et al. In vitro Analysis of Antioxidant, Antimicrobial and Antiproliferative
Activity of Enteromorpha antenna, Enteromorpha linza and Gracilaria corticata Extracts. J Nat Pharm Prod, 2013.

8(4): 151-9.

18. Bakkali F, Averbeck S , Averbeck D, et al. Biological effects of essential oils, A review, Food Chem Toxicol, 2008. 46 :

446-475.

19. Gonny M, Bradesi P, Casanova J, ldentification of the components of the essential oil from wild Corsican Daucus carota L.

using 13C-NMR spectroscopy, Flavour Fragr. J, 2004. 19: 424-433.
20. Raut JS, Karuppayil SM, A status review on the medicinal properties of essential oils. Ind Crop Prod, 2014. 62: 250-264.
21. Garnero J, Huiles essentielles, Techniques de 1’Ingénieur ; Traité Constantes Physico-chimiques, 1996. K345,1-39.

22. Baby C, Gopal K, Mohammed A, Composition of Volatile oil of Carum copticum Benth. and Hook Fruits, International

Research Journal of Pharmacy, 2012. 3;7:131-132.

23. Nébié RHC, Yaméogo RT, Bélanger A, et al.. Salicylate de Méthyle, Constituant Unique De L’huile Essentielle De

L’écorce Des Racines de Securidaca longepedunculata du Burkina Faso, Comptes Rendus Chimie, 2004. 7: 1003-1006.
24. BelaicheP, Treaty of herbal medicine and aromatherapy, Volume 1, the aromatogramme. éd. Maloine, France, 1979.

25. De Martino L, De Feo V, Nazzaro F, Chemistry, antioxidant, antibacterial and antifungal activities of volatile oils and their

components, Nat Prod Commun, 2009. 4: 1741-1750.

60
Scholar Research Library



KOLLI EL, etal Der Pharmacia Lettre, 2017, 9 [6]: 49-62

26.. Seidler-Lozykowska K, Kedzia B, Karpinska E, et al., Microbiological activity of caraway (Carum carvi L.) essential oil
obtained from different origin, Acta Sci. Agron. 2013. 35: 495-500.
27. Rezaei-Kahkha MR, Amanloo S, Kaykhaii M, Antiaflatoxigenic activity of Carum copticum essential oil. Environ Chem

Lett, 2014. 12, 231-234.

28. Duke,Dr JA. Duke's Phytochemical and Ethnobotanical Databases, http://www.ars-grin.gov/duke, 2015.

29. Da Silveira R, Andrade LN, Oliveira RDRB, et al. A Review on Anti-Inflammatory Activity of Phenylpropanoids Found in

Essential Oils, Molecules, 2014. 19: 1459-1480.

30. Mayrhofer, Domig KJ, Mair C, et al. Kneifel, Comparison of Broth Microdilution, Etest, and Agar Disk Diffusion Methods
for Antimicrobial Susceptibility Testing of Lactobacillus acidophilus Group Members, Appl. Environ. Microbiol, 2008.

3745-3748.

31. Luber P, Genschow EE, Wagner J, et al. Comparison of broth micro-dilution, E-test and agar dilution methods for
antibiotic susceptibility testing for Campylobacter jejuni and Campylobacter coli, J Clin Microbiol, 2003. 41(3): 1062-

1068.

32. Bajpai VK, Sharma A, Baek K, Antibacterial mode of action of Cudrania tricuspidata fruit essential oil, affecting

membrane permeability and surface characteristics of food-borne pathogens, Food Control, 2013, 32:582-590.

33. De Souza EL, De Barros JC, De Oliveira CEV, et al. Influence of Origanum vulgare L. essential oil on enterotoxin
production, membrane permeability and surface characteristics of Staphylococcus aureus, International Journal of Food

Microbiology, 2010, 137: 308-311.

34.. Kapoor IP, Singh B, Singh G, et al. Chemistry and antioxidant activity of essential oil and oleoresins of black caraway

(Carum bulbocastanum) fruits, J Sci Food Agric, 2010. 90:385-90.

35. Bouzouita N, Kachouri F, Ben Halima M, et al. Chemical composition and antioxidant activity, antimicrobial and

insecticide essential oil of Juniperus phoenicea, J. Soc. Chim, 2008. 10 : 119-125.

36. Kulisic T, Radonic A, Katalinic V, et al. Use of different methods for testing antioxidative activity of oregano essential oil,

Food Chem, 2004, 85: 633-640.

37. Thippeswamy NB, Naidu KA, Achur RN, Antioxidant and antibacterial properties of phenolic extract from Carumcarvi L,

Journal of Pharmacy Research, 2013. 7: 352-357.

61
Scholar Research Library


https://www.google.dz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.scielo.br%2Frevistas%2Fasagr%2Fiaboutj.htm&ei=JEiaVdmZBer-ywP3mYywCA&usg=AFQjCNGSjsXFfGskx6MS_NLfgfknU4EZng
http://www.ars-grin.gov/duke
http://www.ncbi.nlm.nih.gov/pubmed/20355057

KOLLI EL, etal Der Pharmacia Lettre, 2017, 9 [6]: 49-62

38. Xavier JR, Bajbaip K, Muthiahp M, et al. Shgh, Trans-Himalayan phytofoods-A rich source of antioxidants, Int. J. Med. Arom. Plants,

2011. 33:21-26.

62
Scholar Research Library



