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Abstract. Mekhadmi NE, Ramdani M, Lograda T, Chalard P, Figueredo G. 2019. Chemotypes and antibacterial activity of Matricaria
pubescens of Algeria. Biodiversitas 20: xxxx. The objectives of this study were to determine the chemical composition and to evaluate
the antibacterial activity of Matricaria pubescens L. essential oils from 14 sampling locations in southern Algeria. The extraction of
essential oils was carried out by the hydro-distillation; the analysis of chemical composition of essential oil was carried out by GC-MS.
Antibacterial activity was performed by disc diffusion method at the undiluted and diluted essential oil (1/1, 1:2, 1:4 and 1:8 v:v of
DMSO) against eight species of bacteria (Bacillus cereus, Escherichia coli, Klebsiella pneumoniae, Listeria innocua, Proteus mirabilis,
Pseudomonas aeruginosa, Salmonella enterica and Staphylococcus aureus). The results showed that the average yields of essential oils
were 0.4 £ 0.27%. A total of 34 components were identified, averaging 99.22 + 0.8% of the total oils. The main components were [3-
ocimene (Z) (47.41 + 13.67%), o-pinene (19 = 7.36%), B-bulnesene (4.96 = 10.6%), ocimene-allo (4.46 + 1.3%), 1-phenyl-penta-2,4-
diyne (4.06 + 5.7%), limonene (3.84 + 1.8%), caryophyllene oxide (2.36 + 3.6%) and y-bisabolene-E (2.08 + 4.3%). Based on the
UPGMA cluster analysis, there were two distinct clades of M. pubescens. This species has a chemical polymorphism with different
chemotypes marked in nature. There were four chemotypes identified in the essential oil of M. pubescens in the region studied. The

essential oil of M. pubescens has antibacterial activity against eight bacteria tested in a concentration-dependent manner.
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INTRODUCTION

Matricaria pubescens (Desf.) Sch. Bip. (Asteraceae) is
an endemic species in North Africa, locally known as
"Garetoufa” (Ozenda 2004). Its synonyms are
Chlamydophora pubescens Coss. & Kra. and Cotula
pubescens Desf (Reyes-Betancort 2003). It is found in
steppe and desert pastures (Benhouhou 2005).

M. pubescens is very popular in traditional medicine
(Ould El-Hadj et al. 2003; Bouallala et al. 2014). It is used
to treat eye diseases, itching, inflammation of wounds,
diseases of the female genital tract and bronchopulmonary
diseases (Maiza et al. 1995, 2011, Hammiche et al. 2006),
digestive disorders, internal tumors, rheumatism and
neuralgia (Djellouli et al. 2013). Analysis of the aerial parts
of M. pubescens revealed the presence of two coumarins
and an isobutyl amide (Benkiki 2006). The aqueous
extracts of the aerial part showed the presence of alkaloids,
saponins, flavonoids, and terpenes (Gherboudj et al. 2012;
Makhloufi et al. 2012).

Chemical analysis of essential oils of M. pubescens
collected from the Ghardaia region shows the presence of
ethyl isochrysanthemoate, spathulenol, o-cadinol, and
geranyl isovalerate as major components (Boutaghane et al.
2011; Tadrent et al. 2016). The investigation of the
essential oil of M. pubescens collected from the Biskra

region showed that the major compounds were spathulenol,
elemicine and herniarine (Bouzaine 2015), while study by
Makhloufi et al. (2014) showed that the essential oil of M.
pubescens in the Bechar region is rich in -ocimene-(Z),
myrcene and a-pinene (Table 1). Two species of M.
pubescens and M. chamomilla, are morphologically
similar, but they differ in essential oils composition
(Tadrent et al. 2016). It is possible to obtain different
composition of essential oils in the same species and
morphologically identical individuals, which is known as
chemotypes or chemical race. A chemotype is generally
indicated by its principal components, which is indicated
by the letters "ct" (Deschepper 1990).

A study by Makhloufi et al. (2012) showed that the
essential oil of M. pubescens has potent antibacterial
activity against E. coli, B. cereus, and S. aureus. Bouzaine
et al. (2011) showed that E. cloacae and E. faecalis were
significantly sensitive to aqueous extracts of M. pubescens
(Bouzaine et al. 2016). The aqueous, methanolic, ethanolic
and acetonic extracts have antibacterial activity against S.
aureus and E. coli (Metrouh-Amir et al. 2015).

The aim of this study is to identify the chemical
composition of essential oils of M. pubescens from Algeria
and evaluates its antibacterial activities.
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MATERIALS AND METHODS

Plant materials

Matricaria pubescens is an annual plant, can reach 1.5
m in height. The stem is erect, a rower with alternate
leaves; sessile, thick and fleshy (Figure 1). The flowers,
yellow in the center, white at the circumference, very
fragrant, are grouped in solitary heads at the top of the
branches. The fruit is very small, yellowish-white, slightly
arched (Quézel and Santa 1963). Samples of M. pubescens
were collected in the flowering stage, of 14 localities in
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southern Algeria (Figure 2).

The geographical features of the populations sampled
are summarized in Table 2. Aerial parts were collected in
March 2017. The air-dried materials were subjected to
hydrodistillation for 3h using a Clevenger apparatus type.
Voucher specimens were deposited in the herbarium of the
Department of Ecology and Biology, Setif University,
Algeria. The oil obtained was collected and dried over
anhydrous sodium sulfate and stored at 4°C in sealed

brown vials until use.

Table 1. Chemical composition of essential oil of Matricaria pubescens and M. chamomilla

Species Matricaria chamomilla Matricaria pubescens
Iran Algeria

S T 0w
Country S g o s 1 2 3 4 5 6 7 8 ® B £ 8

5 = 2 =2 5 s 5§ % 9

s § 8 £ &= 6 & @ &
References* A B C D
a-pinene 00 00 00 00 00 00O 00 0O 00 00O 00 0O 00 00 00 00 77
Myrcene 00 00 00 00 00 00O 00 0O 00O 00O 00 00 00 00 00 00 152
A3-carene 00 00 00 00 00O 00O 00 00O 00O 00O 00 0O 00 92 00 02 00
Limonene 00 00 00 00 00 00O 00 0O 0O 0O 00 0O 00 00 00 00 32
1,8-Cineol 92 00 02 00 569 00 00 00 00 00 00 00 00 00 00 00 14
B-ocimene (2) 00 00 17 00 00 00O 00 0O 00 00O 00O 0O 00 00 00 00 538
B-ocimene (E) 00 00 19 00 00 00O 00 00O 00 00O 00 0O 00 00 00 00 32
Endobornyl acetate 00 36 00 00 00 00O 00 0O 00O 0O 00O 0O 00 00 265 0.0 20
B-caryophyllene 00 00 00 00 00O 00O 00 00O 00O 00O 00 0O 75 00 00 00 15
Herniarine 00 00 00 00 00 00O 00 0O 00O 00O 00 0O 00 00 00 169 0.0
B-Farnesene (2) 00 00 435 221 00 52 00 00 00 00O 00 0O 00 00 00 0.0 0.0
B-Farnesene (E) 125 346 00 00 00 00 242 115 44 00 27 00 00 09 00 00 02
Sapathulenol 00 00 00 00 00 94 04 00 00 00 00 00 00 36 194 48 05
y-bisabolene (E) 00 00 85 00 00 00 00 00O 00O 0O 00 0O 00 00 00 0.0 O0.0
a-bisabolol 00 00 00 22 00 50 73 73 00 00 00 0O 00 00 00 00 02
a-bisabolol oxide A 00 325 85 487 0.0 215 102 00 0.0 410 530 250 155 154 00 0.0 0.0
a-bisabolol oxide B 00 88 90 98 00 70 50 00 00 00 99 94 21 232 00 00 0.0
a-bisabololone oxideA 0.0 74 60 67 00 100 02 00 00 00 52 00 624 100 00 0.0 00
Trans-trans farnesol 00 00 00 00 00 00 00 170 660 00 00 00 00 00 00 0.0 0.0
Chamazylene 252 09 56 28 00 42 00 26 00 210 43 00 21 38 00 00 00
Guaiazylene 00 00 00 00O 00 00 106 106 162 00O 00 00 00 00 00 0.0 0.

Note: * A. Tadrent et al. (2016); B. Boutaghane et al. (2011); C. Bouzaine (2015); D. Makhloufi et al. (2014)

Figure 1. Matricaria pubescens from Ourgla region, Algeria
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Figure 2. Location of Matricaria pubescens populations studied

(the numbers, see Table 2)



3172

Table 2. Geographic coordinates of sampled populations
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Provinces Populations Longitude (E) Latitude (N) Altitude (m)
Batna 1 Oulad Slimane 05° 37 35° 36' 767
M’Sila 2 Boussaada 04° 10 35°13 606
Djelfa 3 Ras Elmiad 04° 26' 34°11' 394
El Oued 4 El-M’ghair 05° 55' 33° 57 02
5 Magrane 06° 57 33° 35 43
6 Beni Guecha 07° 20 33° 59 09
7 Djamaa 05° 59' 33° 32 43
8 Hassi Khalifa 07°01' 33° 36 42
9 Mihouansa 06° 42 33° 11 97
Ouargla 10 Ben Nacer 06° 24' 33°05' 100
11 Bakaar 06° 24' 33°05' 100
Ghardadia 12 El-Ménéa 02° 52 30° 35' 396
Hlizi 13 Dabdaab 09° 25' 29° 58 348
14 In Aminaas 09° 33' 28°02' 553

Essential oil analysis

The essential oils were analyzed on a Hewlett-Packard
gas chromatograph CPG/FID 7890, coupled to a gas
chromatograph: CPG/MS 7890/5975C, equipped with a
Column Apolar: DB5 MS: 40 m 0,18 mm 0,18 um,
programming from 50°C for 5min-5°C/min until 300°C.
Helium was used as the carrier gas (1.0 ml/min); injection
in split mode (1:30), injector and detector temperature is
280°C with split 1/100. The mass spectrometer worked in
El mode at 70 eV; electron multiplier, 2500 V; ion source
temperature, 180°C; MS data were acquired in the scan
mode in the m/z range 33-450. The identification of the
components was based on the comparison of their mass
spectra with those of NIST mass spectral library (Masada
1976; NIST 2002) and those described by Adams as well as
on comparison of their retention indices either with those
of authentic compounds or with literature values (Adams
2007).

Antibacterial activity

The antibacterial activities of the essential oil of M.
pubescens were evaluated against three Gram-positive
bacteria (Staphylococcus aureus ATCC2592, Listeria
innocua CLIP 74915, Bacillus cereus ATCC 11778), five
Gram-negative bacteria (Pseudomonas aeruginosa ATCC
27853, Klebsiella pneumoniae ATCC700603, Escherichia
coli ATCC 25922, Proteus mirabilis ATCC35659 and
Salmonella enterica CIP81-3. Bacterial inoculums were
prepared from overnight broth culture in physiological
saline (0.8 % of NaCl) to obtain an optical density ranging
from 0.08-01 at 625 nm. Muller Hinton agar (MH agar) and
MH agar supplemented with 5% sheep blood for fastidious
bacteria were poured in Petri dishes, solidified, and surface
dried before inoculation. Sterile discs (6mm) were placed
on inoculated agars, by test bacteria, filled with 10ul of
undiluted and diluted essential oil (1/1, 1/2, 1/4, 1/8 v/ v of
DMSO). DMSO was used as a negative control, and four
antibiotics were used as positive control (Gentamicin,
Amoxicillin, Colistin 25 and Cefazolin 30).

Bacterial growth inhibition was determined as the

diameter of the inhibition zones around the discs. All the
tests were performed in triplicate, and the means were
calculated as final results. The Petri dishes were incubated
at 37°C for 18 to 24h aerobically. After incubation,
inhibition zone diameters were measured and documented
(Dahiya and Purkayastha 2012; Nascimento et al. 2003).
The sensitivity to the essential oil was classified by the
diameter of the inhibition halos as follows: not sensitive (-)
for diameter less than 8 mm; sensitive (+) for diameter 9-14
mm; very sensitive (++) for diameter 15-19 mm and
extremely sensitive (+++) for diameter larger than 20 mm
(Ponce et al. 2003).

Statistical analysis

Data were first subjected to Principal Components
Analysis (PCA) to examine the relationships among the
terpenes compounds and identify the possible structure of
the populations. Cluster analysis (UPGMA) was carried
out on the original variables and on the Manhattan distance
matrix to seek for hierarchical associations among the
populations. The cluster analyses were carried out using
Statistica v10 software. Statistical significance of
antibacterial activity results were analyzed by the ANOVA
three-way Completely Randomized (Populations, doses,
and bacteria) by using the statistical software package
(CosStat). All analyses are performed at the 5% significance
level (P < 0.05).

RESULTS AND DISCUSSION

Essential oil yield and chemical composition

The vyields of M. pubescens essential oils were low,
with an average of 0.4 + 0.27% (v / w). The highest yield is
recorded in the essential oil of the EI-Menea population
(0.92%), while the lowest yield is in the population
(cultivar) of Ben Nacer (0.06%). We note that a
relationship exists between the essential oil yield of M.
pubescens and the altitude (Figure 3). The regression line
shows that the yield increases with altitude.
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Oulad Slimane (767) Yield = 0,0985+0,0404*x
Boussaada (606)
In Aminaas (553)
El Ménéa (396)
Ras Elmiad (394)
Dabdaab (384)
Ben Nacer (100)

Bakaar (100)

Altitude (m)

Mihouansa (97)
Magrane (43)
Djamaa (43)
Hassi Khalifa (42)
Beni Guecha (9)
El M’'ghair (2)

00 01 02 03 04 05 06 07 08 09 10
Yield (%)
Figure 3. Variation of Matricaria pubescens yields by altitude
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Figure 4. GC/Mass and GC/FID profiles of Matricaria pubescens (Boussaada population)
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Table 3. Chemical composition of Matricaria pubescens essential oils

Provinces El Oued Djelfa  Illizi Ourgla Batna M’Sila Ghardaia
o] =] [ %}
i » 8 £ § 5 S £ 5 £ S g @
Populations g g “3; E; g é § 2 § § § E % S g’
] & c < = 0 < &8 x = 2] > = >
¥ = & £ 3 w & = 8 8 & 5 8 z 3
Yields (%) 0.17 025 0.2 0.23 0.08 0.3 051 0.69 081 040 0.06 047 053 0.92 04 0.27
Number of compounds KI 21 15 20 16 21 21 17 22 17 19 30 20 22 23 20 4
Total (%) 99.87 99.68 99.37 99.34 99.25 99.65 97.62 99.88 99.79 99.65 97.09 99.27 99.54  99.04 99.22 0.80
a-thujene 921 0.00 0.00 025 0.99 138 0.1 017 6.72 1.99 0.88 120 0.17 0.00 0.14 1 1.69
a-pinene 931 17.44 11.20 14.57 18.12 22.73 23.17 20.91 34.31 29.91 18.67 9.87 13.50 23.00 8.90 19.02 7.09
Camphene 946 0.19 0.12 023 0.00 021 032 0.22 0.00 0.80 0.13 0.33 0.12 0.24 0.17 0.22 0.18
Sabinene 968 0.00 0.00 0.00 0.55 053 0.19 0.29 162 0.00 0.46 047 023 0.22 0.17 0.34 040
B-pinene 974 0.17 0.00 0.00 0.33 0.37 0.38 030 0.75 0.80 0.21 0.31 0.14 0.8 0.14 0.30 0.23
Myrcene 983 0.46 051 0.60 0.77 096 1.17 0.49 0.65 0.00 0.44 0.28 0.50 0.55 0.34 0.55 0.27
A3-carene 1001 0.22 0.00 0.38 0.00 0.00 0.21 0.00 0.00 0.80 0.00 0.22 0.12 0.00 0.00 0.14 0.22
a-Terpinene 1012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.07 0.00 0.00 0.02 0.06
Cymene-ortho 1020 0.00 0.00 0.00 0.44 0.37 0.26 0.00 037 000 0.19 043 027 0.22 0.31 0.20 0.16
Limonene 1026 3.28 2.40 4.09 586 7.29 530 4.68 254 638 2.43 269 1.88 2.60 2.40 3.84 1.69
B-phellandrene 1028 0.32 0.00 0.00 0.00 0.00 1.65 0.13 0.07 0.00 0.00 0.33 0.00 0.00 0.00 0.18 0.42
B-ocimene (Z) 1034 52.48 46.04 44.10 41.10 41.91 52.80 57.46 33.80 24.73 48.70 25.69 71.00 56.05  67.90 47.41 13.26
B-ocimene (E) 1042 189 121 211 133 149 310 292 084 080 130 129 242 246 3.04 1.87 0.77
y-terpinene 1054 0.00 0.00 0.00 0.00 0.21 0.38 0.00 0.30 0.00 0.09 0.19 0.00 0.00 0.00 0.083 0.12
Terpinolene 1081 0.00 0.00 0.00 0.00 0.11 0.21 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.16 0.05 0.08
8-methyl-2 1085 0.14 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 025 0.00 0.14 0.18 0.06 0.09
(2-methyl butenyl) furane
Butanoic acid, 2-methyl-2- 1093 009 000 000 0.00 000 0.00 0.00 000 0.00 0.00 0.14 0.00 016  0.00 0.02 0.05
methylbutyl ester
Ocimene-allo 1124 597 3.73 416 343 356 508 512 279 239 423 404 617 520 6.60 446 1.27
Mentha-1,5,diene-8-ol 1127 0.32 0.00 0.32 0.00 1.17 0.00 0.00 0.00 0.80 0.00 1.07 0.00 0.00 0.13 0.27 0.42
Camphor 1149 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.86 0.00 0.42 0.12 0.19 0.43 0.20 0.30
Endobornyl acetate 1288 0.17 0.00 0.39 0.00 0.00 0.43 044 0.0 239 0.00 0.82 0.23 049 0.29 0.40 0.62
1-Phenyl-penta-2,4-diyne 1291 0.00 15.20 0.00 8.40 5.54 0.00 0.00 3.18 9.50 15.050.00 0.00 0.00 0.00 4.06 5.74
Limonen-10-ol 1349 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.47 0.00 0.33 0.00 0.00 0.00 0.51 0.20 0.20
Caryophyllene (E) 1429 148 250 4.09 254 390 147 115 270 192 205 045 110 1.28 1.64 210 1.04
a-humulene 1465 0.00 0.84 0.30 0.00 0.00 0.00 0.00 057 091 0.29 0.00 0.04 0.00 0.00 221 0.33
Germacrene D 1491 0.61 2.07 140 0.99 0.26 175 044 085 000 1.00 0.00 0.76 1.28 031 0.84 0.63
Bicyclogermacrene 1504 0.29 0.00 0.78 0.00 0.00 0.77 0.37 0.00 1.31 0.00 026 0.31 0.64 0.00 0.33 0.40
y-bisabolene (E) 1516 0.00 12.740.60 11.490.00 051 0.00 0.00 0.00 2.89 0.11 0.12 0.66 0.00 2.08 4.32
Germacrene B 1589 2.28 0.00 2.30 1.66 1.17 0.00 240 127 0.00 0.00 0.81 0.00 0.22 1.16 0.95 0.93
Caryophyllene oxide 1595 2.40 0.00 1.86 1.33 538 0.00 0.00 4.16 13.500.00 2.75 0.00 0.19 1.52 2.36 3.62
Elemicin 1645 0.70 0.18 1.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.41 0.00 0.55 0.63 0.35 0.52
a-cadinol-epi 1651 0.58 0.16 0.00 0.00 0.27 0.00 0.15 0.47 0.00 0.00 1.35 0.00 0.00 0.00 0.21 0.38
y-muurolene 1665 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.00 0.07 0.26
a-bulnesene 1668 8.47 0.77 15400.00 0.27 0.00 0.00 0.67 0.00 0.33 38.500.00 3.01 1.96 495 10.60
Chemical classes
Monoterpene hydrocarbon 824 80.4 705 81.3386.68 94.3592.68 87.95 78.10 92.75 47.77 96.59 90.72  90.28 83.75 12.18
Oxygenated monoterpenes 0.63 0.00 0.71 0.00 1.31 0.79 044 125 405 0.33 270 0.35 0.99 1.53 1.08 1.07
Sesquiterpene hydrocarbons 13.14 18.92 24.87 16.69 5.60 4.51 435 6.06 4.14 6.57 4110233 7.09 5.07 11.46 10.44
Oxygenated sesquiterpenes 299 0.16 1.86 1.33 565 0.00 0.15 4.63 13.500.00 4.10 0.00 0.19 1.52 2.57 355
Phenolic compounds 0.70 0.18 1.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.41 0.00 0.55 0.63 0.35 051

The essential oil analysis of M. pubescens by GC-MS
(Figure 4) has led to the identified 34 compounds,
representing an average of 99.22 + 0.84% of the total oil.
The relative abundance of the components of these
essential oils is represented in order of their appearances
(Table 3).

Chemical analysis of M. pubescens essential oil shows
that the B-ocimene (Z) was the major compound (47.41 +
13.67%), and the highest concentration is in the essential
oil of the Oulad Slimane population (71%), followed by a-

pinene (19 *+ 7.36%) and B-bulnesene (4.96 + 10.6%),
where the highest concentration (38.50%) was found in the
Ben Nacer population.

Other compounds are also present but at low levels,
allo-ocimene (4.46 + 1.27%), 1-phenyl-penta-2,4-diyne
(4.06 £ 5.74%), limonene (3.84 £ 1.76 %), caryophyllene
oxide (2.36 + 3.63%) and y-bisabolene-E (2.08 + 4.33%).
The distribution of chemical classes in M. pubescens'
essential oils is very heterogeneous (Figure 5). The
monoterpene hydrocarbons with an average of 83.75 +
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13.76% were mainly composed of B-ocimene-Z (47.41 +
13.76%) and o-pinene (19.02 + 7.35%). Oxygen
monoterpenes with 1.08 + 1.11% are the least represented
in the oil. The hydrocarbon sesquiterpenes are present in
the oil with an average of 11.46 + 10.83%, whereas the
oxygenated sesquiterpenes are present at a low level.

The chemical composition of M. pubescens essential
oils in the different studied populations shows very little
difference. The principal component statistical analysis
(PCA) of M. pubescens populations, based on chemical
composition, shows the separation of the populations of
Ben Nacer, Dabdab, In Amenas, O. Slimane, and El-
Menea, the rest of the populations forms a more or less
condensed cloud (Figure 6).

The result of UPGMA cluster analysis (Figure 7), based
on linkage distance, separates populations into two distinct
clades. The first clade is represented by the Ben Nacer
population, which isolates itself with the presence of high
level of a-bulnesene (38.5%) and low level of B-ocimene
(2) (25.69%).

The second clade is subdivided into two subclades. The
first sub-clade brings together the two populations of
Dabdaab and In Aminas. This sub-clade represented by
high levels of a-pinene, B-ocimene (Z), and caryophyllene
oxide. The second sub-clade is subdivided into two groups,
this separation is based on the presence of 1-phenyl-penta-
2,4-diyne in the populations (Mihouansa, Hassi Khalifa,
Bakaar and Magrene), while the second group is
characterized by the presence of a significant rate of
ocimene-allo and includes the stations (Beni Guecha, El-
Menea, Ouled Slimane, Ras El-miaad, EI-Meghair, and
Djemaa). The statistical analysis of the chemical
composition of essential oils, allowed us to highlight the
presence of four chemotypes within the species M.
pubescens from Algeria (Table 4).

Antibacterial activity of M. pubescens essential oils

Bacterial sensitivity to essential oils is determined by
the diameter of the inhibitory zones. The M. pubescens
essential oil has antibacterial activity against eight bacteria
species tested (Table 5).

Oxygenated sesquiterpenes — Plrenelic compounds

Oxygenated
monoterpenes,

Sesquiterpenes
Nydrocarbons.

Monoterpenes
hydrocarbons

Figure 5. Chemical classes of Matricaria pubescens essential oil
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The result of antibacterial assay of M. pubescens
against several bacteria strains showed that K. pneumoniae
ATCC 700603, P. mirabilis ATCC 35659, L. innocua
CLIP 74915 and S. aureus ATCC 25923 were extremely
sensitive, E. coli ATCC 25922 and B. cereus ATCC 11778
were susceptible, while P. aeruginosa ATCC 27853 was
sensitive to the undiluted essential oil of M. pubescens. On
the other hand, B. cereus ATCC 11778 and P. aeruginosa
ATCC 27853 were not sensitive to the diluted (1/4) M.
pubescens essential oils. Based on the result of statistical
analysis, it showed that the interaction of sampling
locations, dilution levels, and strain of bacteria were highly
significant (P < 0.001) (Table 6).

The three-way analysis of variance revealed a very
significant difference in the diameters of the inhibitory
zones among the essential oils dilutions. Gentamicin has
the highest growth inhibition against several bacteria tested
with the average inhibitory zone of 24.07 mm, classified in
the group a (Table 7).
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Table 4. Chemotypes of Matricaria pubescens in Algeria

Chemotypes Populations

a o-bulnesene-B-ocimane (Z)-a-pinene Ben Nacer

b  a-pinene-B-ocimane (Z)-Ocimene allo Beni Gacha, Oulad Slimane, EI-Ménéa, Djemaa, EI-Meghair, Boussada
and Ras El-miaad

C o-pinene-B-ocimane (Z)-1-phenyl-penta-2,4-diyne Mihouansa, Hassi Khalifa, Magrane and Bakaar

d o-pinene-B-ocimane (Z)-Caryophyllene oxide In Aminaas and Dabdaab

Table 5. Antibacterial activity of Matricaria pubescens essential oil

Stations Dilution E. coli P. aeruginosa S. aureus K. pneumoniae S.enterica L.innocua B.cereus P. mirabilis
1 14.3+0.57 13+0 47+ 0.3 11.2 £0.2 9.1+0.1 22.2+0.1 12.9+0.1 22+0
Ben Nacer 1/2 11.740.57 8.2+0.8 447+ 0.6 9.2+0.2 0 16.5+0.5 11.2+0.3 13.8+0.2
1/4 97406 70 30+0 7.3+05 0 13.3+0.3 10+0 0
1/8 0 0 16.8£04 0 0 9.2+0.1 0 0
1 16.6£0.2 159+04 355+0.9 23+0 254405 21+0 14+ 0.1 47.2+0.3
Bakaar 1/2 11+ 0 14+ 0.5 20.3£0.6 15.940.1 11+ 0 14.8+0.8 12+ 0 29.240.3
1/4 9.7+06 8+0 8.7+0.6 8.3+0.6 8+0 12+ 0 10.3+0.6 20+0
1/8 7.8+08 0 0 0 0 10.2+0.3 9+0 10+ 0
1 17+0 13.1+0.1 443+ 0.6 29.3+0.6 17.3+0.6 42+0 15+ 0 44.9+0.1
Magrane 1/2 14.8+0.3 10.3+0.6 265+ 0.5 23.7+1.2 14+ 0 28+ 0 11+ 0 29.841.1
1/4 130 8+0 14.93+0.1 20+1.7 12+ 0 17+ 0 0 16.7+£0.6
1/8 8+0 8+0 10+ 0 11+ 0 0 135+09 O 9.3+0.2
1 20+ 0 10.5+ 0.5 17.2+0.3 10.4+0.5 9.2+0.3 15.2+2 21+0 10+ 0
Beni guecha 1/2 145+0.9 9.5+0 13.2+03 0 0 13.2+0.3 13%0 9.33+0.6
1/4 10.8+0.3 0 92+03 0 0 9+ 0 10.7+¢1.2 0
1/8 93+06 O 77+06 O 0 7+0 7+0 0
1 9.7+1.2 295+05 23+ 0 12+ 0 8.3+ 0 39.3+0.6 24+ 0.1 42.7+0.6
Hassikhalifa 1/2 9+0 14.7+0.3 19.5+0 10.5+0.5 0 29.8+1.4 10+0 28+0
1/4 7.8+08 8+0 16+ 0 8.7+ 0.6 0 14.05+0.1 O 17 +0
1/8 8+0 0 1181 7.3x0.6 0 10+ 0 0 12+0
1 173+ 0.6 13+0 21.7+0.6 225+1.3 13+ 0 33.7¢15 17+ 0 41.7+1.2
Mihouansa 1/2 123+ 0.6 10+0 175+ 09 14.3+0.6 9.2+1 16+ 0.86 13.7¢1.2 35+0
1/4 9.3+0.6 7.8+0.3 13.7+1.2 11+0 9+ 0 10.2+0.3 0 24.5+0.9
1/8 8+0 7+ 0 10.3+0.6 8.3+1.2 0 7.3+ 0.6 0 19+ 0
1 13.8+1.3 27.1+0.2 20.3+ 0.6 10.2+0.3 11+ 0 33+0 13+ 0.5 34.1+0.2
El m’ ghair 1/2 10.8+£0.8 12+0 13+ 0 9+ 0 8+0 24.34+0.6 10+ 0 19+ 0
1/4 10.1+0.2 0O 8.7+t15 O 0 11+ 0 0 11.1+04
1/8 9+ 0 0 0 0 0 9.3+ 0.6 0 0
1 24+ 0 13.8+ 0.3 42+ 0 40+ 1 15.840.8 18.3+0.6 19.8+0.3 51.3+1.2
Djamaa 1/2 13.3+0.3 12+0 23+ 0 19.7+2.3 14+ 0 15+ 0 12.840.7 30+0
1/4 11+0 11.3+0.3 21+ 0 18+ 0 11.8+0.28 13.6+0.5 10.3+2.1 23+0
1/8 9.2+0.8 9.8+0.8 173+ 1.2 150 9.3+ 0.6 8+ 1.7 7.7+1.2 19.7+0.6
1 2310 16+ 1.7 23+ 1.7 20+ 0 0 26+ 0 15+ 0 35.741.2
Rasselmiad 1/2 20.3+0.6 14.2+0.3 14.3+0.6 16x0 0 13+ 0 13+ 0.8 28+0
1/4 12+ 0 0 11.3+0.6 10x0 0 125+ 0 10+ 0 20.3+0.6
1/8 8+0 0 83+05 O 0 9.3+1.2 7.3+0.6 11.7+0.3
1 16+£05 10+0 20+ 00 0 23.8+1 35.3%0.6 12+ 0.5 34.3+0.6
In Aminaas 1/2 11+0 0 12.8+0.6 0 18+ 0 28+0.9 0 22.8+0.6
1/4 98+0.3 0 10+ 0 0 0 18.2+1.4 0 17.6+0.6
1/8 9+ 0 0 7505 O 10.7+1.2 0 13+ 0
1 20+ 0 12.7£0.2 18.7+06 O 0 10.8+0.3 14.7¢1.2 29+ 0
Dabdaab 1/2 153+03 0 12+ 0 0 0 7.8+x1 9+ 0 20+ 0
1/4 119402 O 0 0 0 0 0 17+ 0
1/8 7712 O 0 0 0 0 0 13+ 0
1 112403 0 27.2+0.3 25.3+0.6 14.4+0.1 19.7#1.2 20+ 0 54.8+1.1
. 1/2 8+0 0 17+ 0 21.2+0.3 13.8+0.3 140 16+ 0 31+ 0
Oulad Slimane 7, 0 14+0  13+0 0 117412 1140 2140
1/8 0 0 10+ 0 0 0 10+ 0 0 12+ 0
1 14.2+0.3 10x0 20+ 0 17+ 0 0 0 21+ 0 31.7+2.9
Boussaada 1/2 10.7£0.6 90 15.7+ 0.6 14.3+x0.6 0 0 13+ 0 20+ 0
1/4 0 0 12.2+0.3 11+0 0 0 12+ 0 16+ 0
1/8 0 0 10.3+0.6 8.3+ 0.6 0 0 10+ 0 13+ 0
1 19+ 0 12+ 0 26+ 0 20+ 0 23+ 1.2 24+ 0 19.8+0.3 51.1+0.2
EL Menea 1/2 12+0 10.7£ 0.6 18+ 0 16+ 0 14.7¢0.3 16.5+0.9 13+ 0 30+ 0
1/4 10+ 0 8.3+ 0.3 16+ 0 12+ 0 10+ 0 14.4+0.4 11.3+1.2 12+0
1/8 83+1.12 0 12+ 0 9+ 0 0 11+ 0 8+0 10+ 0
Gen 27+ 0 28.3+ 0.6 22+ 0 23+0 20+ 0 29+ 0 0 40.3+0.6
I CZ30 29.3+06 0 19+ 0 0 18+ 0 0 0 34.7+0.6
Antibiotic standard - xoo" 95k o o 31306 30.7+0.6 0 30305 17.3+15 353406

CL25 17.3+0.5 18.3+0.6 0 0 19.7+40.6  13+0 20+ 0 21+ 0
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Table 6. Main effects and interactions of essential oils of
Matricaria pubescens
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Table 7. Effect of oil dilutions on the inhibitory zone of tested
bacteria

Source df F P
Main effects
Sampling locations 13 30.24  .0000 ***
Dilution level 7 731.28 .0000 ***
Species of bacteria 7 626.92 .0000 ***
Interaction
Sampling locations * Doses 91 5.80 .0000 ***
Sampling locations * Bacteria 91 884 .0000 ***
Dilution level * Bacteria 49  151.87 .0000 ***

Sampling locations * Dilution

level * Species of bacteria 637 3.27 0000 =

Rank Doses Mean inhibition n

zones (mm) Significant groups

Note: *** Very highly significant (P <0.001)

Table 8. Sensitivity groups of tested bacteria to the essential oils
of Matricaria pubescens

1 Gentamicine 24.07 336 a

2 Amoxicilline 21.36 336 b

3 Dilution 1/1 20.85 336 b

4 Colistine 25 15.39 336 c

5 Dilution 1/2 14.09 336 d

6 Cefazoline 30 12.55 336 e

7 Dilution 1/4 8.87 336 f

8 Dilution 1/8 5.45 336 g
N

ote: LSD 0.05 = 0.66217084683

Table 9. The effectiveness of Matricaria pubescens essential oils
from several sampling locations against eight bacteria species

Mean

Mean

Rank Species of bacteria inhibition n SN g g Sampling inhibiton ~n  Significant
Zones (mm) groups ocation zones (mm) groups

1 P. mirabilis ATCC35659 2745 336a +++ 1 Djamaa 18.55 192 a

2 E. coli ATCC25922 1799 336 b ++ 2 Magrane 17.92 192 a

3 S.aureus ATCC25923 1769 336 b ++ 3 Bakaar 16.60 192 b

4 L. innocua CLIP 74915 16.65 336 ¢ ++ 4 El Menea 16.37 192 bc

5 K. pneumoniae ATCC700603  11.93 336 d + 5 Mihouansa 15.97 192 bed

6 B. cereus ATCC 11778 1131 336 d + 6 Rass Elmiad 15.67 192 cd

7 S. enterica CIP81-3 10.19 336 e + 7 Hassi Khalifa 15.56 192 cd

8 P. aeruginosa ATCC27853 9.44 336 f + 8 Ben Nacer 15.23 192 d

Note: LSD 0.05 = 0.66217084683; * S = Sensitivity (++ highly 9 Oulad Slimane  15.21 192 d

significant (P <0.01); + Significant (P <0.05) 10 In Aminaas 14.23 192 e
11 El m’ghair 14.05 192 e
12 Beni Guecha 13.45 192 e
13 Boussadda 13.44 192 e
14 Dabdaab 12.35 192 f

Note: LSD 0.05 = 0.87596969307

Unweighted pair-group average, City-block (Manhattan) distances

Morocco
Iran 2
Iran 3

Gardaia 2
Biskra

—

| I—

India

Egypt

Iran 1
Iran 7
Gardaia 1
Iran 5
Iran 6
italy

Serbia

Iran 8

Iran 4
Bechar

Djemaa

El Meghair
Ras El miad
Boussaada

QOuled Slimane i T—
El Menea

Beniguecha

Magrene
akaar
Hassi Khalifa

Mihouasna

Rt ——
Dabdab

Ben Naser

0 20 40 60

80 100 120 140 160

Linkage Distance

Figure 8. UPGMA of Matricaria pubescens and M. chamomilla populations
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Amoxicillin and undiluted essential oils of M.
pubescens, have the same inhibitory effect on the bacteria
tested, with average diameters of inhibitory zone of 21.36
and 20.85mm respectively, and classified in the group b.
The antibacterial activity of diluted essential oils (1/4 and
1/8) was very weak to no-antibacterial activity, with the
diameter of growth inhibition of 8.87-5.45mm.

The results reveal that P. mirabilis is highly sensitive to
the essential oils of M. pubescens, it is classified in the
group a, with average growth inhibition of 27.45mm (Table
8), while P. aeruginosa was the least sensitive to M.
pubescens oils, with average growth inhibition of 9.44 mm.

Djamaa and Magrane populations were classified in the
group a, with average growth inhibitions of 18.55 and
17.92mm, respectively. The essential oils of these
populations have the best antibacterial activities (Table 9),
while the essential oil of the population of Dabdaab has the
lowest antibacterial activity to the majority of bacteria
tested. It is classified in the last group (f) with an average
inhibition diameter of 12.35mm.

Discussion

The yields of essential oils of the studied populations of
M. pubescens are variable and low, ranging from 0.06 to
1.03%. These values are similar to the yields reported in
the literature. A study conducted by Boutaghane et al.
(2011) on the same species in the Ghardaia region showed
1.2% essential oils. Makhloufi et al. (2012) reported that
the essential oil content on Bechar populations was 0.8%;
while the hydro distillation of samples from Biskra region
had a low yield of 0.17% (Bouzaine 2014). The vyield
differences in essential oils of the populations of the same
species can be explained by the origin of species
population, harvest period, plant organ, drying time, and
extraction method (Vekiari et al. 2002; Karousou et al.
2005).

The chemical composition of essential oils of M.
pubescens populations in this study was different from
those of the samples in previous studies. Ghardaia
populations were characterized by ethyl
isochrysanthemoate, spathulenol, a-cadinol, and geranyl-
isovalerate (Boutaghane et al. 2011; Tadrent et al. 2016).
Other populations in the Ghardaia region showed the
presence of endobornyl acetate and sapathulenol (Bouzaine
(2015),. The essential oil of the Biskra populations were
composed of spathulenol, elemicine, and herniarine
(Bouzaine 2015). On the other hand, the populations of
Bechar (Makhloufi et al. 2014) showed a similarity in the
chemical composition with that of populations in this
study.

Statistical analysis (UPGMA) was used to distinguish
between two species of Matricaria (M. pubescens and M.
chamomile),  which  were  morphologically  and
geographically very similar (Figure 8). The result of the
UPGMA analysis showed that there were two separate
groups. The first group included the populations in this
study, and that of Bashar belongs to M. pubescens. The
second group included the populations of Biskra (Tadrent
et al. 2016) and that of Ghardaia (Bouzaine 2014, 2015;
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Tadrent et al. 2016), belongs to M. chamomilla. It is quite
possible that specimens of Algerian populations studied by
Boutaghane et al. (2011), Bouzaine (2015), and Tadrent et
al. (2016) belonged to M. chamomilla.

The essential oils of M. pubescens exerted a significant
inhibition to Gram + and Gram-bacteria. The same findings
were unveiled in the study of Makhloufi et al. (2012) on M.
pubescens essential oils from the Bechar region. However,
the essential oils of M. pubescens from Ghardaia and
Biskra regions showed no antibacterial activity (Bouzaine
et al. 2011). The antibacterial activity of M. pubescens
essential oils in this study was consistent with the work of
Abu-Darwish et al. (2012). The antibacterial activity of M.
pubescens varies greatly. The antimicrobial properties of
essential oils are related to their chemical composition. The
sensitivity of a microorganism to the essential oil depends
mainly on its major compound; the synergistic or
antagonistic effect of each of its constituents present in low
content is also considered (Kalemba and Kunicka 2003).

In conclusion, the analysis of the essential oils of
Matricaria pubescens populations by CPG / MS made it
possible to identify 34 components. The main components
were B-ocimene (Z), a-pinene), and pB-bulnesene. The
chemical compounds of M. pubescens of the populations
studied showed a notable difference with an abundance of
hydrocarbon monoterpenes. This difference allowed us to
identify four chemotypes (a-bulnesene-p-ocimane (Z2)-a-
pinene); (a-pinene-B-ocimane-Ocimene allo); (a-pinene-B-
ocimane (Z)-1-phenyl-penta-2,4-diyne) and the chemotype
to (a-pinene-pB-ocimane (Z)-caryophyllene oxide). The
bacterial species tested were susceptible to the essential oils
of M. pubescens.
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