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Abstract

The chemical composition of the hydrodistilled essential oil of Lavandula augustifolia Mill., collected from Batna (Eastern
Algerian), was analyzed by GC and GC/MS. 32 components representing 89.6% of the essential oil were detected with 1,8-
cineole (29.4%) and camphor (24.6%) as the major components. A comparative study on the compositions of essential oils
of Lavandula growing at different North African soils is investigated.
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1. Introduction

Lavandula genus (Lamiaceae) is a source of eco-friendly herbs because of their insecticidal activity due to their
1,8-cineole and camphor content [1;2]. This genus consists of about 20 species and over 100 varieties [3]. In
Algerian flora, there are five species from which three are endemic [4]. Lavender is one of the most useful
medicinal plants, it is an important source of essential oils that are widely used in fragrance industry including
soap, colognes and other cosmetics [5]. The essential oils of Lavandula are antiseptic [6], relaxant [7] anti-
inflammatory [8] and are used against headaches and scabies [6]. In continuation of our works on bioactive
Lamiaceae [9-26], the present work deals with the investigation of the chemical contents of the essential oil of
Lavandula augustifolia Mill., collected from Batna (Eastern Algerian) together with a comparative study of the
compositions of essential oils of Lavandula species grown at North Africa.

2. Experimental

Plant material

Flowering aerial parts of Lavandula augustifolia Mill., were collected in May 2012, from Batna (Eastern Algerian). A
voucher specimen was deposited at the herbarium of the University of Constantine 1, Algeria (LOST La.05.12).

Extraction
The hydrodistillation of fresh flowering aerial parts (100 g) of Lavandula augustifolia, for 3h in a Clevenger-type
apparatus, according to the British Pharmacopeia, yielded 2.0 % of a yellow good smell essential oil.

GC and GC/MS

GC analysis was performed on a Shimadzu GC17A gas chromatograph equipped with a cross-linked DB5-MS column (40
m x 0.18 mm, film thickness 0.18 pum). The oven temperature was programmed as isothermal at 60°C for 5 min, then raised
to 275°C at 5°C/min and held at this temperature for 5 min. Helium was used as the carrier gas at a rate of 1 ml/min.
GC/MS was performed using a Shimadzu QP5050 mass selective detector. Operating conditions were the same as for the
analytical GC. The MS operating parameters were as follows: ionization potential, 70 ev; ionization current, 2 A ion source
temperature, 200°C; resolution, 1000. scan time, 5 s; scan mass range, 40—400 u; split ratio, 1:10.

Identification of components

Essential oil components were identified based on their retention indices (determined with reference to a homologous
series of normal alkanes), and by comparison of their mass spectral fragmentation patterns with those reported in the
literature [27-29] and for the major components.
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3. Results and discussion
32 compounds were determined in the essential oil, representing 89.6% of total oil content. The main
constituents of the essential oil were found to be 1,8-cineole (29.4%) and camphor (24.6%) (Tablel).

Table 1: Chemical composition of the essential oil of Lavandula augustifolia collected from Batna.

Compound?® RIP (%)
1 a-Thujene 930 1.0
2 a-Pinene 939 1.6
3 Camphene 954 1.5
4 B-Pinene 979 3.2
5 B-Phellandrene 1030 0.7
6 3-5-Carene 1031 1.0
7 1,8-Cineole 1031 29.4
8 tert-Butylbenzene 990 2.6
9 cis-Sabinene hydrate 1070 0.6
10 a-Terpinolene 1089 0.4
11 Linalool 1097 1.1
12 trans-Thujone 1114 2.7
13 a-Campholenal 1126 0.4
14 trans-Sabinol 1142 0.7
15 Camphor 1146 24.6
16 Pinocarvone 1165 0.5
17 B-Fenchyl alcohol 1168 1.9
18 Borneol 1169 4.1
19 Terpinene-4-ol 1177 1.3
20 Cryptone 1186 1.0
21 Shisofuran 1198 1.1
22 Verbenone 1205 0.1
23 Isobornylformate 1239 0.4
24 Bornyl acétate 1289 0.3
25 Dodecamethylcyclohexanesiloxane 1349 0.2
26 trans-Caryophyllene 1419 1.2
27 trans-a-Bergamotene 1435 0.8
28 S-Germacrene 1485 0.1
29 Viridiflorol 1497 3.3
30 y-Cardinene 1523 0.7
31 Humulene oxide 11 1604 0.4
32 a-Cadinol 1654 0.7

Total (%) 89.6

2RI (retention index) measured relative to n-alkanes (Cg-C2,4) using a HP-5MS column
b Compounds listed in order of their RI

From the literature, essential oils compositions of Lavandula growing at North Africa (Table 2) have been
reported. We have divided the works on the basis of the geographical distribution of the species in Algeria
(Tables 3a-b), Morocco (Table 4) and Tunisia (Table 5). Compared with essential oils of Algerian Lavandula
(Tables 3a-b), the present essential oil is similar to the essential oils of L. angustifolia grown at Kabyle region
(Lal) [30] and L. dentata (Ld1-Ld4) [33-35] only with the main presence of 1,8-cineole (5.0%-38.4%) and to
the essential oils of L. stoechas from Constantine (Ls2), Tlemcen (Ls3), Jijel (Ls5), Blida (Ls11), Ain Defla
(Ls13) and Chlef (Ls14) with the presence of the chemotype couple 1,8-cineole/camphor (10.3%/11.3%) [44],
(18.9%/18.1%) [45], (8.7%/5.8%) [46], (7.5%/8.7%) [46], (5.7%/13.2%) [46] and (7.9%/14.5%) [46],
respectively. The essential oil of L. dentata (Ld2"), growing at Tlemcen, is the highest 1,8-cineole content [34].
Tables 3a-b show clearly that Algerian L. angustifolia and L. dentata essential oils are 1,8-cineole chemotype
whereas L. stoechas essential oils are fenchone/camphor chemotype. Among the latter, the essential oil of Ls1 is
the highest camphor content (22.4%) whereas the essential oil of Ls8 is the richest fenchone content (36.8%).
Compared with Algerian Lavandula essential oils, the presently reported essential oil of L. angustifolia is the
highest camphor content.
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Table 2: Codes and origins of reported Lavandula essential oils of North Africa

Belhadj Mostefa et al.

Code species Locality Ref
(fresh flowering aerial parts)
Lal L. angustifolia Mill. Algeria (Kabyle region) [30]
La2 L. angustifolia Mill. Tunisia (Sfax) [31]
Lco L. cornopifolia Poir. Tunisia (Sidi Bouzid) [32]
Ld1l L. dentata L. Algeria (Cherchel) [33]
Ld2 L. dentata L. Algeria (Tlemcen) [34]
Ld3 L. dentata L. Algeria (Honaine, Tlemcen) [35]
Ld4 L. dentata L. Algeria (Beni-Saf, Tlemcen) [35]
Ld5 L. dentata L. Morroco (Northern) [36]
Ld6 L. dentata L. Morroco (Taforalt, Talazart) [37]
Ld7 L. dentata L. Tunisia (Grombalia greenhouse) [38]
LIl L. latifolia Med. Tunisia (Bizerte) [39]
Lml L. multifida L. Morroco (Errachidia) [40]
Lm2 L. multifida L. Morroco (Northern) [41]
Lm3 L. multifida L. Morroco (Nekkata; Tetuan) [42]
Lm4 L. multifida L. Tunisia (Sidi Bouzid) [32]
Lm5 L. multifida L. Tunisia (Grombalia greenhouse) [38]
Lsl L. stoechas L. Algeria (Central Algeria) [43]
Ls2 L. stoechas L. Algeria (Constantine) [44]
Ls3 L. stoechas L. Algeria (Tlemcen) [45]
Ls4 L. stoechas L. Algeria (Skikda) [46]
Ls5 L. stoechas L. Algeria (Jijel) [46]
Ls6 L. stoechas L. Algeria (Boumerdes) [46]
Ls7 L. stoechas L. Algeria (Lakhdaria) [46]
Ls8 L. stoechas L. Algeria (Ain Bessem) [46]
Ls9 L. stoechas L. Algeria (Guerrouma) [46]
Ls10 L. stoechas L. Algeria (Tagedit) [46]
Ls1l L. stoechas L. Algeria (Blida) [46]
Ls12 L. stoechas L. Algeria (Medea) [46]
Ls13 L. stoechas L. Algeria (Ain Defla) [46]
Ls14 L. stoechas L. Algeria (Chelef) [46]
Ls15 L. stoechas L. Tunisia ((Grombalia greenhouse) [38]
Ls16 L. stoechas L. Tunisia (Kair-Ouam) [47]
Lsal L. stoechas ssp atlantica Morocco (Oulinés, Rabat) [48]
Lsa2 L. stoechas ssp atlantica Morocco (Northern) [49]
Lsl L. stoechas ssp lineana Morocco (Northern) [49]
Lssl L. stoechas ssp stoechas Morocco (Sidi Allal EI Bahraoui, Rabat) [48]
Lss2 L. stoechas ssp stoechas Tunisia (Korbous Montain, Cap Bon region) [32]
Table 3a: Percentage of major components (> 5%) of essential oils of L. angutifolia and L. dentata from Algeria
Percenge %
Compound? Lal[30] | Ld1[33] | Ld2°[34] | Ld2°[34] Ld3 [35] Ld4 [35]
a- Pinene 4.2-7.7
B-Pinene - 6.1 12.4 6.0-9.3 14.4-26.0
1,8-Cineole 37.8 38.4 48.0 18.3 21.5-36.3 0.9-5.0
Linalool - - 5.4
trans-Pinocarveol - - 7.6 6.7-9.3
Pinocarvone 3.5-5.3
Myrtenal 4.8-6.5
B-Caryophyllene 20.9 - - - - -

& Compounds listed in order of their RI; ® Cluster 1: analysis using K-means clustering; ¢ Cluster 2: analysis using PCA (principal component
analysis).

Three species are found in Morocco, L. dentata, L. multifida and L. stoechas. From table 4, it appears that the
essential oils from L. dentata collected from Northern Morocco (Ld5) [36] and from Taforalt (Ld6) [37] are
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different, except with the main presence of 1,8-cineole. Ld6 essential oil is exceptionally mainly characterized
by a-pinene (7.8%-8.4%), B-pinene (27.1%-30.1%), pinocarveol (8.6%-14.8%) and myrtenal (6.8%-8.8%).
Differently from Algerian Lavandula essential oils, 1,8-cineole is not a chemotype of Lavandula essential oils
growing at Morocco, it has been found as a main component (1.2-26.0%, 5.5% and 8.6%), only in the essential
oil of L. dentata (Ld5, Ld6) [36;37] and L. stoechas subsp. stoechas (Lss1) [48], respectively. Camphor (1.2-
72.0%, 24.0%, 72.8%) seems to be a chemotype of essential oils of Ld5 [36], L. stoechas ssp. atlantica (Lsa2)
and L. stoechas ssp. lineana (Ls1), growing at Northern Morocco [49], respectively.

Table 3b: Percentage of major components (> 5%) of essential oils of L. stoechas from Algeria

Percentage %

Compound® | Lsl | Ls2 | Ls3 | Ls4 | Ls5 | Ls6 | Ls7 Ls8 Ls9 | Ls10 | Lsl1 | Lsl2 | Ls13 | Ls14

[43] | [44] | [45] | [46] | [46] | [46] | [46] [46] [46] | [46] | [46] [46] [46] [46]
p-Cymene 6.5 - - - - - - - - - - - - -
1,8-Cineole - 10.3 | 189 - 8.7 8.5 - - - - 7.5 - 5.7 7.9
y—Terpinene | - 112 - - - - - - - - - - - -
Fenchone - - 276 | 113 - 241 | 241 | 368 | 164 | 146 | 345 | 265 299 | 324
Linalool - 10.7 - - - - - - - - 7.5 - 5.7 7.9
Camphor 224 113 | 181 | 98 5.8 - 171 | 155 | 218 | 116 8.7 8.9 13.2 | 145
Linalyl - 15.3 - - - - - - - - - - - -
acetate
viridiflorol 74 | 375 ] 68 - - 7.1 6.4 - - 5.1

& Compounds listed in order of their RI

Table 4: Percentage of major components (> 5%) of essential oils of Lavandula from Morocco

Percentage %
Compounds? Ld5 Ld6 Lml Lm2 Lm3 Lsal Lsa2 Lsl Lssl
[36] [37] [40] [41] [42] [48] [49] [49] [48]

o-Pinene - 7.8-8.4 - - 6.5 - - -

Camphene 6.7

B-Pinene - 27.1-30.1 -

p-Cymene - - - 15.7 - - -

1,8-Cineole 1.2-26.0 55 - - - - - 8.6

y-terpinene - - - 9.5 - - -

Fenchone - - - - 9.2 115 34.0 30.0

Linalool 7.4

Camphor 1.2-72.0 - - - 39.2 24.0 72.8 18.0

Borneol 1.1-47.0 - - - - - 5.9 -

Pinocarveol - 8.6-14.8 - - B - ; N

Myrtenal - 6.8-8.8 -

Thymol - - - 32.0 - - - -

Carvacrol - - 66.2 27.8 47.6 - - - -

B-Bisabolene 9.0

Dodecyl acrylate 8.4

4Compounds listed in order of their RI

The essential oil of L. multifida growing at Errachidia (Lm1) is carvacrol chemotype (66.2%) [40], whereas the
essential oil of the species growing at Northern Morocco (Lm2) [41] is mainly characterized by p-cymene
(15.7%), y-terpinene (9.5%), thymol (32.0%) and carvacrol (27.8%). The essential oil of the species collected
from Tetouan (Lm3) is also carvacrol chemotype with the main presence of B-bisabolene (9.0%) and dodecyl
acrylamide (8.4%) [42]. Essential oils of L. stoechas subspecies Lsal [48], Lsa2 [49], Ls1 [49] and Lss1 [48]
are fenchone/camphor chemotype (9.2%/39.2%, 11.5%/24.0%, 34.0%/72.8%, 30.0%/18.0%, respectively).

From table 5, concerning the major components of essential oil of Lavandula from Tunisia, the couple
fenchone/camphor (31.6%/12.4%, 68.2%/11.2%, 34.3%/27.4%) seems to be a chemotype of L. latifolia (LI1),
growing at Bizerte [39], L. stoechas (Ls16) growing at Kair-Ouam [47] and L. stoechas ssp. stoechas (Lss2)
grown at Korbous Mountain [32], respectively whereas the couple carvacrol/B-bisabolene (18.5%/13.1%,
65.1%/24.7%) is a chemotype of the essential oils of L. coronopifolia (Lco) [32] and L. multifida (Lm4),
collected from Sidi Bouzid [32], respectively. We also distinguish clearly a third chemotype represented by the
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couple of linalool/linalyl acetate (20.5%/34.5%, 47.3%/28.7%, 50.1%/7.3%, 20.3%/64.3%), found in the
essential oils of L. augustifolia (La2) growing at Sfax [31], L. dentata (Ld7) and L. multifida (Lm5) and L.
stoechas (Ls15), growing at Grombolia Green house (North Eastern Tunisia) [38], respectively. Thus, only the
essential oil of L. latifolia from Bizerte (LI1) [39] is similar to reported Algerian Lavandula essential oils with
the main presence of 1,8-cineole (11.7%), fenchone (31.6%) and camphor (12.4%).

Table 5: Percentage of major components (> 5%) of essential oils of Lavandula from Tunisia.

Percentage %

Compound? La2 Lco Ld7 LI1 Lm4 Lm5 Ls15 Ls16 Lss2

[31] [32] [38] [39] [32] [38] [38] [47] [32]
Methylcyclopentane 10.2 - - - - - - - -
Camphene - - - - - 10.1 - -
Myrcene - 7.5 - - - - - - -
1,8-Cineole - - - 11.7 - - - - -
trans-f-Ocimene - 26.9 - - - - - - -

Fenchone - - - 31.6 - - - 68.2 34.3
Linalool 20.5 - 47.3 - - 50.1 20.3 - -
B- Thujone - - - - - - 8.9 - -

Camphor - - - 12.4 - - - 11.2 27.4
Lavandulol - - - 8.7 - - - - -
p-cymene-8-ol - - - 7.7 - - - - -
Linalyl acetate 34.5 - 28.7 - - 7.3 64.3 - -
Carvacrol - 18.5 - - 65.1 - - - -
B-Bisabolene - 13.1 - - 24.7 - - - -

4Compounds listed in order of their RI

Through this investigation on Lavandula growing at North Africa, the presently studied essential oil of L.
angustifolia, is the highest content of camphor; it’s similar in its camphor/1,8-cineole content to Algerian
essential oils of L. stoechas (Ls2, Ls3, Ls5, Ls11 and Ls13) and of L. dentata from Morocco (Ld3) and L.
latifolia from Tunisia (LI1), respectively.

Because of its high content of camphor/1,8-cineole, the present essential oil could find applications in the
environmental area as an insecticidal [1;2] and as a green corrosion inhibitor [50;51].

Conclusion

The chemical composition of the hydrodistilled essential oil of Lavandula augustifolia, collected from Batna (Eastern
Algerian), was analyzed by GC and GC/MS. 32 components representing 89.6% of the essential oil were detected with 1,8-
cineole (29.4%) and camphor (24.6%) as the major components. Through this investigation on essential oils of Lavandula
growing at North Africa, it appears that Algerian L. angustifolia and L. dentata essential oils are 1,8-cineole chemotype
whereas essential oils of L. stoechas grown at Algeria and Morocco are fenchone or fenchone/camphor chemotype.
Carvacrol is a chemotype of L. multifida grown at Tunisia and Morocco. Because of the 1,8-cineole/camphor chemotype of
the presently reported essential oil of L. angustifolia, with the highest camphor content of North African Lavandula, this
species may exhibit an interesting insecticidal activity.
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