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Abstract

Extraction, composition, antioxidant properties and biological activity of the
essential oil of Ruta graviolens L, Brocchia cinerea collected in the Saharan
regions

The chemical compounds of the basic volatile oil from the aerial parts of
Ruta G and Brocchia.C Were extracted by water distillation with a yield of 0.85%
and 0.73%, respectively. They were analyzed by gas chromatography associated
with mass spectrometry (GC / MS). A total of 25 compounds were identified,
representing 91.99% of the total components of Ruta G oil. Its predominant
components were:

Nonanone<2-> (22.381%), Undecanone<2-> (21.711%), 2-Heptanol acetate
(14.828%) , Camphor (9.629%), Acetylacetophenone<p-> (8.777%).

These represented 95.04% of the total components of Brocchia.C volatile
oil. Its predominant components were:

B-Thujone (32.01%), Isobornyl acetate (16%), Cineole< 1,8> (15.31%) % |,
Santalina triene (9.35%) , Camphor (3.92%), Terpinen-4-ol (2.91%), p-cymene
(2.27%) .

After that, the antioxidant properties of the essential oil were examined .
the antioxidant activity was investigated with one method : 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging method.

It was found that the essential oil of Ruta G and Brocchia.C had a low
antioxidant activity when compared with commercial antioxidants such as vitamin
E. On the other hand, the biological efficiency of both volatile oils was assessed by
testing strains using the lowest inhibitory concentration (CMI) ).

Key words:
Ruta G, Brocchia.C, Essential oil, GC/MS, Antioxidant activity, CMI .
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Résumé

Les compositions chimique de I'huile essentielle de base des parties aériennes de
Ruta G et Brocchia.C extraite par distillation avait un rendement de 0,85% et
0,73%, respectivement. Elle était analysée par chromatographie en phase gazeuse
associée a la spectrométrie de masse (GC / MS). Les 25 composés qui ont été
identifiés, représentaient 91,99% du total des composants de ’huile de Ruta G. Les
composants prédominants étaient:

. Nonanone<2-> (22.381%), Undecanone<2-> (21.711%), 2-Heptanol acetate
(14.828%) , Camphor (9.629%), Acetylacetophenone<p-> (8.777%).

Ces composants représentaient 95,04% du total des composants de I’huile volatile
de Brocchia.C. Ses composants prédominants étaient:

B-Thujone (32.01%), Isobornyl acetate (16%), Cineole< 1,8> (15.31%) % |,
Santalina triene (9.35%) , Camphor (3.92%), Terpinen-4-ol (2.91%), p-cymene
(2.27%) .

Apres, les propriétés antioxydantes de I'huile essentielle ont été examineées.
L'activité anti-oxydante a été étudiée aprés avoir adopter une seule méthode: la
méthode d'élimination des radicaux 2,2-diphényl-1-picrylhydrazyle (DPPH).
I’huile essentielle de Ruta G et de Brocchia.C présentait une activité antioxydante
faible par rapport aux antioxydants commerciaux, tels que la vitamine E. Par
ailleurs, I’efficacité biologique des deux huiles volatiles a été évaluée en testant des

souches en utilisant le facteur inhibiteur le plus faible concentration (CMI)).
Mots clés
Ruta G, Brocchia.C, Huile essentielle , GC/MS, Activité antioxydante , CMI .
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3 (Symbole)

24l (Signification)

AT.C.C American Type Culture Collection

C.UR.ZA Collection de I’Unité de Recherche sur les Zones Arides
(Alger).

C.IL.P Collection de I’Institut Pasteur de France.

C.I.LN.R.R Collection de I’Institut National de Recherche Agronomique
Dijon,

N.R.RI Northern Regional Center( U.S.A).

C.LM Collection du Laboratoire de Microbiologie de I’ENS de Kouba

CPG Chromatographie en phase gazeuse

GC/MS Chromatographie en phase gazeuse couplée a la spectrométrie
de masse

RMN Resonance Magnetic Nuclear

tr temps de rétention

ICN lonisation Chimique Négative

ICP lonisation Chimique Positive

IE lonisation Impact Electronique

SOD Superoxide Dismutase

TBA Thiobarbituric acid

SD Steam Distillation

uv Ultra Violet

TLC Thin layer Chromatography

TBARS Thiobarbituric Acid Reactive Substances

IR Indice de Retention

ROS Reactive oxygen species
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d 2 Densité relative a 20 °C.

R Rendement (%)

Rue Rendement en huile essentielle (%).
Ir Indice de réfraction

le Indice d’ester.

la Indice d’acide.

o Le pouvaoir rotatoire

G+ Gram positive

G- Gram négative

CMI Concentration Minimale d’Inhibition
vit vitamine

BHT 3,5 ditertiobutyl-4-hydroxytoluene
BHA 3-tertiobutyl-4hydroxyanisole
TBHQ Tertio Butyl Hydroxy Quinone

PG gallate de propyle

DPPH 2,2-Diphenyl-1-picrylhydrazyl
ORAC Oxygen Radical Absorbant Capacity
MCC minimum candidicidal concentration
MRSA Methicillin-resistant Staphylococcus aureus
ATP Adenosine Tri Phosphate

MH Monoterpene hydrocarbon

MO Oxygenated monoterpene

SH Sesquiterpene hydrocarbon

CO other compounds
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Laill 28 A auay JWll Jsaall g ¢ Ruta montanas R. tuberculata s R. chalepensis
83 g sall il LS yall aaf SIS g il jo IS S anle Janiall g yall g ¢ sl Guiil  Slas
Lo Aaniiaall o) 32 5 (aMATN) 3k

Ruta (siad (Aassl) Jaall) &l paS 3 gl

ALy aa giall | padALWLYY ARk [ 393 all (Bl LS yall) Alsanst) Jaadl) e el
Jariecal) saall g 9% %
1. 2-Undecanone 46.8
2. 2-Nonanone 18.8
3.0-pinene 1.3 [118]
; ‘ 4. limonene 3.0
L Ruta ¢ :)éj\ (el 0.74
graveolens | s L3 5.1,8-cineole 2.9

6. 2-Decanone 2.2
7. tridecan-2-one 2.5
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Brocchia s Ruta (s dadll Je )

& Juadl)

Ruta
angustifolia

s yall
& sed)

‘;‘11..«]\ );\La;ﬂ\
L3

1.49

—_—

. 2-Undecanone 82.46
. 2-Decanone 10.03

. 2-Dodecanone 1.51

w N

[114]

e
Sl

R. graveolens

s yall
& sed)

‘;‘11..«]\ );\La;ﬂ\
L3

0.18

1. 2-Undecanone 55.4
2 . 2-Nonanone 21.62
3. 1-Nonene 4.35

4. a-Limonene 4.26

5. 5,6-Diethenyl-1-methyl-

cyclohexene 3.24

6. 1-Tetradecanol methacrylate 2.22

[114]

3l

R. chalepensis

:—_},Aj\
@\}@J\

)yl
L3

0.9

1. 2-Nonanone 32.79
2. 2-Undecanone 32.58
3. 1-Nonene 13.95

4. g-Limonene 5.27

5. 1-Tetradecanol methacrylate 3.29

[114]

BN

R. tuberculata

s all
& sed)

@LA]\ JM\
L3

0.11

1. Piperitone 13.62

2. trans-p-Menth-2-en-1-ol 13.14

3. cis-p-Menth-1-en-3-ol

(cis-Piperitol) 12.31

4 . cis-p-Menth-2-en-1-ol 11.22

5. Germacrene-B 7.32
6. 3-Carene 5.45

7. trans-p-Menth-1-en-3-ol 4.12

[114]

R. chalepensis

ébﬁ(\
e 5 yall

‘;‘Lﬁ]\ ‘).\.Esﬂ\
L3

1.73

1 2-Nonanol 45.11
2. 2-Undecanone 36.58
3. Limonene 4.16

4. Trans-Linalool oxide 3.6

[119]

R. chalepensis

Ol

Ao 55l

‘;‘Lﬁ]\ ‘).\.Esﬂ\
L3

—0.39
0.57

1. 2-Undecanone 33.54
2. 2-Nonanol 28.05
3. 2-Decanone 21.56

4. a-Terpenyle acetate 3.88

5. Limonene 2.92

[119]

b‘)}ﬁﬁ“b&)




Brocchia s Ruta (s dadll Je )

& Juadl)

R. chalepensis

Ol J‘}]\
e 5 yall

el
L3

—0.49
0.66

. 2-Undecanone 60.46

. 2-Nonanol 21.45

. Trans-Linalool oxide 3.58
. 2-Decanone 3.11

. 2-Dodecanone 2.80

. Tridecanone 1.97

[119]

R. chalepensis

sl
Ae 5 5all

‘;‘11..«]\ );\La;ﬂ\
L3

2.46

. 2-Dodecanone 60.46
. 2-Nonanol 11.59

. Linalyl acetate 1.93
. Limonene 1.22

[119]

R. chalepensis

GlsY)

44

el
L3

1.73

. 2-Undecanone 33.54

. 2-Nonanol 28.05

. 2-Decanone 21.56

. a-Terpenyle acetate 3.88

. Limonene 2.92

. Tridecanone 1.97

. Camphor 1.72

. Trans-Linalool oxide 1.58

[119]

R. chalepensis

Ol
Al

@LA]\ JM\
L3

—0.39
0.57

. 2-Nonanol 40.47

. 2-Undecanone 26.68
. 2-Dodecanone 13.62
. p-Cymene 4.90

. 2-Nonanone 2.39

. cis-Linalool oxide 1.87

[119]

R. chalepensis

Sla sy
4ol

Sl el
L3

—0.39
0.57

. 2-Undecanone 44.14

. 2-Nonanol 36.40

. Trans-Linalool oxide 6.40
. Limonene 2.67

. a-Terpenyle acetate 2.40

. 2-Decanone 1.60

. 2-Nonanone 1.58

[119]

R. chalepensis

sl
Al

‘;‘11..«]\ ):\Liﬂ\
L3

1.73

AW N PN OO B0 PO OB, 0N O R W DN R RN RO DN

. 2-Undecanone 41.06

. Trans-Linalool oxide 36.80
. 2-Dodecanone 5.79

. Linalool 2.72

[119]
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& Juadl)

. Limonene 2.42

. inalyl acetate 1.65
. Tridecanone 1.51

3):3.).4.4

R.
chalepensis

s )
< sed)

el
L

1.25

AW N P90 O

. Octyl acetate 33.16

. 2-Undecanone 23.82
. 2-Nonanone 16.97

. Decyl acetate 9.89

[120]

3):\.3.54

R.
chalepensis

s yall
) sed)

Dbl okl
i

1.25

. 2-Nonanone 41.61

. Octyl acetate 32.88

. 2-Undecanone 15.07
. Decyl acetate 4.05

. 2-Nonanol 2.37

. 2-Octyl acetate 1.93
. 2-Decanone 1.24

[120]

Ol s
o

R.
chalepensis

sl
& sed)

@LAS\ JM\
L4

2.32

. Octyl acetate 28.61

. 2-Undecanone 22.59
. 2-Nonanone 14.11

. Decyl acetate 10.48
. Isomaturnin 2.64

. 2-Decanone 1.49

. 2-Dodecanone 1.38

[120]

BENY
o 5

R.
chalepensis

;_},Aj\
L;‘"‘)@J‘

Db el
L4

2.32

~N OO o B~ W DN PN OO OB WD PN Ol NN -

. 2-Nonanone 24.38

. Octyl acetate 24.22

. Di(ethylhexyl) phthalate 12.73
. 2-Undecanone 12.43

. Hexadecanoic acid 10.2

. Decyl acetate 4.79

. 2-Nonanol 3.57

[120]

il

R.
chalepensis

¢ 3al
‘;_‘a\}@J\

Sl el
L3

5.51

w N

. 2-undecanone 77.18
. 2-decanone 8.96
. 2-dodecanone 2.37

[121]

)l

R. chalepensis

s yall
& sed)

‘;‘Lﬁ]\ ‘).\.Esﬂ\
L3

0.77

. 2-undecanone 47.21

. 2-nonanone 39.17

[122]

Ladl
BN

R. montana

s yall
) sed)

‘;‘11..«]\ ):\Liﬂ\
L3

0,8

. 2-Undecanone 94
. 2-Decanone 3.3

[115]
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Brocchia s Ruta siss Zaalall Jlee ¥ &I Juadll

1. 2-undecanone 33.9

2. 2-Heptanol acetate 17.5
o) ¢ yall A A
2 ‘Jj R. graveolens Lj; ‘ 9—"“3)?@ 04 |3 ,1-dodecanol11.0 [123]
’ ) ' 4. geyrene10.4
5. 2-nonanone8.8
1. 2-undecanone 49.08
S e % chalenensic 2 5all ER R 05 2. 2-nonanone 33.15 [124]
oyl ' P < sed) L3 ' 3. limonene 4.19
4. decanone 2.71

1. 2-undecanone 66.49
Oliad) sl il [125]

LS s R. chalepensis w3 0.46 | 2. 2-nonanone 16.24
1- 2-nonanone (37.13%)
. . 2- undecanal (34.69%)
g ¢ yal) Lol sl 126
oY) R. graveolens o e 0.27 L1261

& sed) L ' 3- 2-acetoxydodecane (5.0%)
4- 2-decanone (3.31%)

s 32 abl Oy o Sl il o Ruta g s paldl) SLdall e 3 padtaial yd led o aadu
Lol ) st pady Lasd g cclelu3 Leade§ (adaiul) s a g2ty o A sl o 3all s Lgd Janina
L ST IS5 G Adlie oy 2-Undecanone 8 ¢lyids Ruta osiad bl (Sl i ila
osisi Ol 53 8 saa) il R, chalepensis 8 12.43% 81 5 4,00 Ruta montana & 94%
s Al LS el A s Rutal owis el

«alidi 5« g-Limonene 5. 2-Dodecanone s 2-Decanone s 2-Nonanol s. 2-Nonanone
3 pall 41.61% Jiais 2-Nonanone- - cwill Jei R, chalepensis JS& cua daull b Lt
Jicis 2-Nonanol wews lef el s Sl bl da5l b 39.17% 5 syl uhatilly i 53 &
2-Decanone — il ey pwishide 555l R, chalepensis — 315U 4wl 45.11%
S el paish R, chalepensis = de 5 el Glisdl s 4y 5all (315530 2eilly 21.56% Jiai s
5.27% o-Limonene - dws Jleiy daall Gl 4y ull Gl 13,62% Jici s 2-Dodecanone

5.51% o 4 dw el agle daaniall 250 5all Gady Lo Lal i s (ue 8 Baa) gial) digil] il
e ganall ads Led Wl ¢ 2.46% N 0.11% O 75l st psead) e o R, chalepensis -

— b‘)}ﬁﬁ“b&)




Brocchia 5 Ruta wis alall JeY) 2 A1 Juall
2-52-Undecanone a5 bl dlile ) iy Leale ) sailad) S all iy 4l

s Tridecanoneys. tridecan-2-one s 2-Dodecanones 2-Decanones Nonanone
1,8-cineoles.2-Nonanol : & Jiatiy &Y oSl dlle ) SllS 5 tridecan-2-one sPiperitone
A< 5 a-pinene s o-Limonene (B dadiaiall dyia g juell ciliy 559 5all SIS 5 1-dodecanol s

Decyl 5 Octyl acetate sinalyl acetate so-Terpenyle acetate : - 4dieall < jiuY)
Heptanol acetate s acetate

Ruta graveolens <ldw,3-1-1V

Ruta graveolens &g iy g ||

an Ay Al (Jadll Lo can s it sal ¢l Gl eJaadll comail) o 2 jaall Glaull o
(8 Alanivsall il jiall e 98 5 ccalaudl e Laddll die 5 e ) ela gyl ¢l st Ay I VL 5 ol
2 il delia 3 ALAIA udleall e Ll Jal i & e ) candall Lgie SY G i) e dlidall
o iy 523 el 2 uilall 3 5 S 5 A J ) o 30 sk ¢ pe B sam
A Al land)  SUY) Q5 s 8 gl s Al 5 (5 ) e il 8 (Jlal)land) of ) el
Alleainl 5L dass s laa Sieas RhUEOS 3l sall (10 RUtA w3350 5 ¢ Al 5y il
[214] . OeS) Anday L e3 3] « aull Antidote o= 58 7 DS (gulal)
. [127] ‘Rue 3 i

Ruta graveolens = Akill cisiall)

[130¢129¢128] Rutaceae 4l s dlital)
Ruta s oadad)

Ruta graveolens 1 g5

sl Cliaga : @ladl)

Akl . ASlaal)

ol Al

D5 )y gle 3 Al
Ruta graveolens <l 35-J<dd) il silall 3 AN
Jadll o Al s Aaall acd)
>l Gasa e pal s dShde ) ge bl Al (e il 54 51 B jere dade 1 Whiay -
Cmnall s UL 5 dighh Jie A gauY) Jsall (e iS5 Lg sl A g 5 LSl 5[ 132,13 1] dass siall ()
s s oSW 8 sy [127]

— b\)}ﬁ.d:dhu)




Brocchia s Ruta weiss 4l Jlec Yl &I Juadll
cliatal) il Slad) aiiee yiall o J8 slat gy ja (Ao dY dad) i dg S ¢ Al dule a5
coat S (e Lebiat dlans (A je dflaia 2aay ddaiia Ll 5l cola el ¢ eV i 3a o sle
JSEN 5 pmaall (Do) Auuded (Ao B sl o) jiia Auand Hla 5 A8l L Jiladl 5 peadd) ) LS )
e B e dal jia ¢ 10 ) 8 (e Ll 2 5l 53 ol dpuled Al Al dadiall daaniall
Caliy 5 sl Az A SOV s bl 1 das asue o slay all 45 LAY oy sl ddagae cclians
.[131,132,133,134,135:214] a<dll A1) 50

A2 SU gl 50 e eyl (e luall 3l ¢ ma edadall g Jsall 2 ¢ Al cilaladiad) -
On Gom ps JS 4 il 2 3 iy Cilentin) LS (il g1 53l 5 g peall (o i g ¢odlaall Bnas
)y shad cpilall g (5 gall Candl 5 manal) iy 3 & ) ks 135 ¢ il 5 Aie 5l o3 sall  llal

A glaall 45 jluae 5 ¢ Gl gl (i el Gl e 4 2y 5 Jialiall aa o) 43 ey 5 Junll pe G2
[214] . o W e o3 Adall el s 55 ailly

¢ [137,136,131] <a¥) gl g alad) (zal el g (5 seall Jazazall A1 3Y Jariand (5 shanl) 43y ) Ll

¢ [138] 48l i a el Clabian g cilladia e (g siag 568 o 3l 13¢] dala bl jo3ae CiilS

¢ iy 3l Cuall 4 geall il yamll) aodads Cila 5[139,140] dadll Jaliill 3alias g ¢ LA 4TS
ol yx 2853 S adlie 4l ) (05 casall (8 ) e COEE 0.2 e Y Cy 31 1 e 4y il

() skl 53 el gl 5 e DUa () g ) 5 &l gl g seall g i aiill Ajle b il Jacls

0o 500 4o cuays alajele 5 B pia s a el okl Il e g 100 1 (SIS juany
o s ol kil jdemy o ¢ AT (W as (e 4dald e DalS 1 el Guadll 3 5 &5 055 0
[214] . Jasiun 5 a8 s o AN

ol el 2m Lal cpall s g sl i ol sl 5 5l 535 Jaoad) g il 05 pdn ol a
[214] . Il ai e sl (8 (oS laia () g i 2

aul Al s Ruta e 150 gl (883 93 50 (o8 5 (i S 53l il 33La Lew a3 Ruta graveolens
Lala g dalal) (a4l ke 8 adius L SI Ruta graveolens (e salall sda Ll 48 yeal Cuad
[141] aled

Ruta graveolens —) &is )yl

aad sl A 8l sanii Y Gy LA Aald jian sdal caay Adadial) Aabid) bl e ol o Las s
VL) Ll 6ol 10 I 5 52al o sall 8 (55 50 Jial) elall (o ulS JSE 31590 (00 §2 1 4l e
oailEal) il ld 8 adls Sal aly alST (ge JUSY 5 colall e 1 8¢ 40 Y 3000 gk daa JA))
[214] Qisall (in Jy paleaY) s paniill M (g5 385 ¢ A S Axil Ll A
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Brocchia s Ruta siss Zaalall Jlee ¥ &I Juadll

Cotulasi Brocchia w«ia2-IV

SO, Aliaia g (o il Caaill 83,005 0 e g3 80 e s i A Brocchia (s
C. s C. coronopifolia <l ¢ 3 all alilall oils Brocchia C Leiw (e 2 il 3ol b &) il
anthemoides
Asteraceage 48 all dlilall iy 25,1-2-1V
DAY Ganalls ¢ 8 ana o A sa Apndie Ul Lealana s [142] Al dSlaal) & LEGY1 3 158 o
Lgxan allal) (3hlie 83 j5a g 5520000 Usin 800 ol s i il i sl |yl 29 5o ISy
Al i) shaliall 8 Alilall sda y530 Cua ¢ Brocchia owis leie [143] Alladl il (e 10% Jias
el Gl L gialy Leilils (aey et cddlall 4 ol 4dlad) Bhaliall 8 sati La sale g dlainall
) ALl s3a uiat g ¢ 3 € A0 55 Ak Al Ll a3¢d ) L) Slad¥) a5 N85 ([ 144]
1437 Vol s ST 5 aae W ,Sh 5 Jiladl)
Cotulasl Brocchia omiad 3 bl &gy 311 2-2-1V

) glaldl 8 Brocchia osiad allal el jie a5 sac s a8 5 k) < gy ) ey Lad

La 315 [149] a4 AAS 5 [148] uisd (A5 [147,146,145] Sall (A baasad Ly gl
. [150,151] csal)

C. 5C. coronopifolia s C. cinerea : s W S lginl 10 o Al g 3V aal Ll
e Jianiall 353 jall 5 g sill Gudt) LSl ol 8 CDEAY) auay U Jsasdl 5 ¢« anthemoides
L Alaxiosall ¢ 321 5 Gl (5 sk 5 5 sa sall LiliaSll S yall aaf Gl 5 il ja JS 3

Brocchia cuisd (Aleast) aalll &l pas 4 gand)

L) P s ) a3y )k 3,94 pall (Pbeal) il jyall) Alassl) Jaail) el
Jaxieal) UadALLY) % %
daall g
1. (E)-citral 24.01
2. limonene epoxide cis- 18.26
3. thymol methyl ether 15.04 [145]
¢ all ) sl
Sl C. cinerea & sel) @ MJMé 0.282 | 4. carvacrol 15.03
. 5. trans-carveol 13.79
6. carvone 3.06
7. trans-piperitol 2.54
‘ 11.34 1. B-Agrofurane 9.65
Monastir L 3! Hall yuladil) 3 .
i g C. coronopifolia e 6.5 x 10 | 2. Agarospirol 10.4
[148]
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& Juadl)

. Ethyl oleate 7.22
. Heptacosane 6.19

. Cinnamy!l caproate 5.94

. Nanocosane 3.14

. 1-Docosene 2.75

Monastir
o

C.coronopifolia

Sl

)
Ls6-5

39.35
x 107

O 00 9 O O B~ W N P00 N O b~ ow

. Hexacosane 31.7

. Ethyl octadecanoate 21.7

. Acorenone 4.5
.Ethyl oleate 4.1
. Linoleic acid 3.3
. Heptacosane 3.3
. y-cadinene 2.9
. Totarol 2.7
. Triacontane 2.7

10. 1-Docosene 2.6
11. Cinnamyl coproate 2.5

[148]

Monastir
o g

C. coronopifolia

-

@LAS\ );\ﬁﬂ\
L6-5

x4.05
107

1
2
3
4
5

6
7
8
9

10. Phytyl acetate 2.9

1

. 1-Eicosanol 17.1

. Benzyl benzoate 10.6

. Triacontane 7.6
.y-Amorphen 5

. Ethyl oleate 4.4
. Acorenone 3.3

. Heptacosane 3.3

. Dodecanoic acid 3.1

. Cinnamyle cinnamate 3

1. Heptacosane 2.2

[148]

Monastir
Qi

C. coronopifolia

sl

‘;‘Lﬁ]\ JM\
L6-5

x1.23
107

1
2
3
4

. Heptacosane 28.4
. 1-Eicosanol 14.6
. Octacosane 5.4
. a-Amorphen 5.2
. Hexacosane 3.7
. Triacontane 3.3
. Ethyl oleate 3

. Methyl octadecanoate 2.8

[148]
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9. Ethyl octadecanoate 2

1 Camphor 50.1
2. Thujone 14.4

e C. cinerea :‘:J\‘ guL\:,)#m 0.30 | 3- Camphene 9.8 [149]
i 4 a-Pinene 7.7
5.1, 8-Cineole 3.4
1. 3-Caréne 30.99
2. Thujone 21.73
3. Santolina triene 18.58
flowering ) s 4. Camphor 6.21 -
Sl gl | C.cinerea a5yl ¢ Lj;m‘ 0.080 | 5 Eucalyptol 2.79
i 6. tricyclo[3.3.1.0(6,8)]nonan-2'-one] 2.98
7. Terpinen-4-ol 3.64
8. p-Menth-1-en-8-ol 3.01
9. Trans-Pinocarveol 1.28
1. Thujone 28.78
2. 3-Carene 15.90
3. Eucalyptol 15.13
le\{:f!gr:g 4. Santolina triene 13.38 el
il sal Sl C. cinerea — QWL‘“JSM‘ 0.391 > Camphor7.49
6. M-Cymene 3.34
7. tricyclo[3.3.1.0(6,8)]nonan-2"-one] 3.31
8. 4(10)-Thujen-3-ol, sterecisomer 1.47
9. Terpinen-4-ol 4.26
10. p-Menth-1-en-8-ol 1.65
1. iso-3-thujanol 47,38
2. santolina triene 11,67 [150]
;‘;“ 3. amphre 10,95
_ JREYYON il 4. santolina alcohol 7,68
Moroc C. cinerea ! 0.64 5. borneol 5.49
6. neo-iso-3-thujanol 3,74
7. B-pinene 2,98
s ) 1. thujone 41.4
Moroc C. cinerea @‘ii‘ “"'ML‘“?M | 0.87 | 2 cis-verbenyl acetate 24.7

[151]
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. 1,8-cineole 8.2

. santolina triene 7.2

[62 BN S OV}

. camphor 5.5

[am—

. camphor (27.4%),

2. santolina triene (13.0%),
3. thujone (12.9%),

4. camphene (10.7%),

N
& sed) 5.a -curcumene (5.3%)
Caisna Sl el .
BBt C. anthemoides. : T 07 |6.a-Pinene 4.4

L3
7. B-Cymone 3.7

8. Bornyl acetate 3.6

9. p-Menth-1-en-4-ol 3.6
10. B-Phellendrene 2.2
11. B-Pinene 1.6

[147]

e 3 ol ol ¢ Sl bl s Brocchia g s alall Hudall cu 3l padtainl § ko aadls
Taail) i yua3 pad Lash g ecilelaf (o) 3 Oadainl) 33e a 5335 ¢ el o jall b Lesd Jaiven
La ST 0S8 Cum Al Cawty Camphor 4 €lyiis Brocchia osiad ailad) (S jall i e
S thujone <3S 5 ysall 8 3aa) sial) 2l (uii 8 5.5% LBl s aas C. cinerea 4 50 %
4l 138 5 C. cinerea - Al il alls (530 1) 8 6.21% Leldl s sl 2 41.4% 4 4
Sl daisdl ¢ Cotula coronopifolia Al il Laf &iall o3¢ dlal) 4aliaall 45 sl o1 a3
Gl o jal s 4l S b caling Lkl a3l O JaaDlid i gy yiaiall Al el Ll oy gl
ST G35 Ay ¢ gdall 8 Jiaiall ) Sl 6 Sl s Sla 53 5 Olieadl 5 (315531 (3 Aliaiall 4300 56l
. B-Agrofurane 4 9.65% i &3 10.43% » Agarosprol 4 il

il e 10.6%.5 17.1% Siai Benzyl benzoate s 1-Eicosanol - Led dul) 58l i) L
LI Ethyl octadecanoate - 21.7% s Hexacosane - 31.7% s Les cuusill 5T s 591 Ll «
.14.6% 1-Eicosanol 528.4% Heptacosane s s ,Si 5l

2332l 5l C. cinerea 4—wills 0.87% o 4 dws Aol anle Janiall 5 yall Gady Lad Ll
JS A1 5 i gy il a2l siall Cotula coronopifolia cic Aald Cama () o5 o jadll
L ileSll Cile genall (ady Lad el 39.35% 51.23x107 (i 79 i Cops Bdinall e Lol 3a]
sl Alle ) ety Lgde ] sl il yall Al
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Brocchia s Ruta weiss 4l Jlec Yl &I Juadll
Brocchia .C 4axd&l),3-2-1V
Brocchia .C 4 iy o3
s elan¥) o2a aal (e g s Al dilaie ) ddlaie (e Al 228 sl Calisg
[152] A s M ¢ oy o2l ¢ 48 sk ) chmatll ¢ Y1 Ana 1 Ay pally aY)
[153] Cotula .Cinerea Del 4% Brocchia .Cinerea vis : <zl aus¥)

Comomille du sahara : 4 il auY)
[154] Saharan camomile : 4 iyl auY!

P A i O ot Brocchia Cinerea = (Aludl) didiail)
e iy [155] Asteraceae izl s Aldilal)

| Brocchia sl

Brocchia Cinerea : &4

s sl i . d'u\
anlall g astaall
CloM) Al

D3l ) giese ;A

HEPE]
e SR

rea il 36-Jsad) Glaadl) 5 Al

g

Aaadll S U dad s daal) any)

[ < A5REN = .'fk A
Brocchia Cine

Brocchia .C § JWdl cawdi—/z

A5l yaall s dle I aal HY) e 35380 8aa) sie Adlal) Bhliall 3 e 450 (e b le (A

¢ Jadll 138 Ale5 B 5 s gl (B sl ¢ Cogan (53l ABlata ual Y1 o2a (w0 [157¢ 156]
388 ([158]Ad s dandie A0 a5 el Aad) ) AW A8 H A0 ) (A 5 4 Al Lgiad] 5y 45 jre Al
Lo La il ¢ ans 40 (A 10 O s 585 Jshall Ada gia (o 5 ¢ [159] dpnaiiia 5 pniiia Wil e )
o) pad loat] Lepal s ¢[160] Giabad) (A Adila 3 80l Aladin s Aaans Ll 5l ¢ aa 7 (A 6 0
s I 3 (o danmia saal 1 48 55l 5y Aglade Blysf RSy i e Hlake e

[158]¢) sia 3 ) 55 il e 8 s 53 ¢ i

— a\)}ﬁ.d:dhu)




Brocchia s Ruta siss Zaalall Jlee ¥ &I Juadll
Brocchia .C 4 4kl elaniud)-/a

AlcaaS (5 0 jall il ) 8 Brocchia .C aadiod ¢ sl 3hilie Ay 8 LS
dangll JSLEall Lgad Loy aal ) e SN 3l 5 ¢ oanll iadiia s a¥DU (Siia g ¢ g
Al s A sl il Ll 5 sl 5 JlguLS
162,161] Akl iany 5 0SS g a1 LN 35 503y g je oo

Al o A0S (A5 ¢ Cigan o)y ) A sid) A, gl Aeald A i al ) anall
[163,162] s s desliall Clgilly ¢ alall Jlguy) 3l
[154] a las sl s 453,00 ¥ il G el 5 ¢ paad) GlSLY Cpadl e ClalaaS o s Jlastil Ll
 [164 ¢156] sghaaS Jazind g ¢ [160] il g laall 5 ualll 4 jual 428 ¢

Ruta. GgBrocchia .C ¢ JS austill 3abiaall 3 381 3.1V
Glb daiiadl (e Liage dpnplall 30u8Y) Cilabias alasiul 5 Gl Al alaia) jeda 21980 i

aladiul (e | pa J81 LY Ledsa JUaiia¥) ala 31 il 3 laad) dgadal) cliloadl cllgiua) calls e ol
el S Chlalizae CHLEESY il jasae G el i ([166¢165] Aaiaadll 3208y Cilalias
() sna) 853 s gl 2SN Clalian aal Lad 5 g 8 Sl 5 Sl ) SN aan Lgie
(i g ) Al (palaal oy 53 s8N ey 535 ¢ KT i ATl Cilaliad (5 AT Aads jalias aa g3
a s g Al el 2 WSl cilalian e 5SH ecilay 3315 Y 5 il s il i il e Jelis
Agly Hlae b i S0 S A ST (e (i d8l e 30 Be g d s ST il lasy
[168¢167] ¢ baliiv g

Jie A 53l LS yall D g s 2uSUl aliaall Jedl) 8 canall ()] 0S5 Dpalall YR e
) A Y gl 5 A gl mlaa¥) g el o5 8
Joal) JlS) alall (€15 ¢[170¢169] ane 32 28 Lslill e K e 2 Sl BaL il Adida 1) ()
08 sl Aadly sl asde 5 90 auklill Balias clialiiueS (§ sl (858 55 Cpdll (s ol Laa 43 ull

Gllia o e bl 853 s g 2SUl Balaall 3 gall alaza ) ol all (e danll o sl 3
s Eugenol (He s sind il Jia oo saall 2l A il e ey ja s jldall g U pam
A Sl Bal e A duls 5 <13 Al s1dll LSyl e L 2 5 Carvacrol s Thymol s Isoeugenol
Lapaall () sl Clialiine g ([171] dakall Ll | ks aladin) soaae LS pall s (K1 cdllall
< sinal) Oleoresing ge 4 jlie 1Sl 3alias Gailiad Lgaal o e S5 Clilll (any die dad) )
3 ladall & 51 Galitine Lldy alasi) Jlaial) (pe @b 138 5 [ 1726171 ]z 53 (o 0 (Apasaa
Sl Clliad ad jaads

a\JJXSAa\.mJ



Brocchia s Ruta weiss 4l Jlec Yl &I Juadll
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Skl ey 3l sl saliadll Lpalall e Jue ol iy ot Lide aalg ([173] 5252l 4l (e 2a
Apalall oda andi sa Ldas IS gl Jlaall ¢ jall 8 daiia sall 3,kI4 Ruta. G Brocchia .C -
Ruta. GyBrocchia .C ¢ IS @l g Sall Babaal) blidll | 4-1V
Brocchia .C o by Sallll alaal) bladll |, 1-4-1V
A8y Ly Sl (e e e Gyl (3 G5 als 58 5e dane Cayda e Al 3 oy al
¢ La24 Lol il Cpeas day (e CMIT il 32 5€ 5l saail Brocchia .Cocw ol
DA sl g daa ge il 5 [157] D) e 3 ldal JS ) S5

Species Strain Ethyl acetate n-Butanol Novobiocine
gJ"'” AL extract extract (standard)
Pseudomeonas luorescens 456-2 200 12 1
Pseudomonas savastanoni T12-10 200 100 |
Pseudomonas savastanoni T3-29 /88 200 50 |

Bacillus sp. VP 200 &3 20

Bacillus brevis V7 200 25 20

Bacillus sp. 326 200 25 20

Bacillus sphaericus 324 200 200 20

Buacillus sp. 459-1 200 12 20

Brocchia .C =laiwd CMI .5 Jsaall

=Y Sl LS G La s a8 ) 4l yal) aes aia 3l el S8 Ethyl acetate Laliiue
¢ LSl Alie aea oladl el 3 € 4llad n-Butanol paldiuall Cudl 38 5 Leaea 200pg/mi Ladial)
12 pg/ml CMI O\ Eua ¢ Bacillus sp. 459-1 s Pseudomonas fluorescens a aala
LSl Sl Jabiall o jaally (ES) pe (8 ()5 AT 5 A 68 se dana il (g XS Al 2y al

a5 o glall AIS didine & ladl) 138 (e Aiue Cimes Cua ¢ Brocchia .C i Gl jedl dudl)
20)0 s o L s eldand) Ay oy gl Gl A8 (0 2T (Ao Ay oy Cadanall LA s alii
O Lsaoas ¢ A gia dn 53 24222 (el As o e Al Gl 8 o) il (s 2i 5 £(22
J174] JLia¥) 8 deli 14 52al alakal)

ethyl acetate ¢« ethyl ether palaiuwe ¢ il sdg] Clialitue M LAY dlee Cy jal i
n-butanol «

ade e 288 ¢ sala Lpaw cilaliivud) Ga o)yl (10mI/KG) 4 siaall e all ¢ jelal us
Al &y yes () el Lo eda (s AT ()l
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Clinical symptoms
(decrease of weight,

Number of oedema, hair loss,

Oral dose (g/kg) animals convulsion)/Mo. tested Mortality

EE EAc EB EE EAc EB
Vehicle control 6 o6 06 06 06 06 06
(10 mL/kg)
1 6 o6 06 06 06 06 06
2 6 o6 06 06 06 06 06
3 6 06 06 06 06 06 0/6
4 6 o6 06 06 06 06 06
5 6 o6 06 06 06 06 06
6 6 o6 06 06 06 06 06

EE, ethyl ether extract;
EAc, ethyl acetate extract;
EB, n-butanol extract.

Brocchia .C galiiual suall dpand) -6 Jg2al)
M (il o pmal) il carls JSE e ) sl 8 () dpanall ial el R s el ol il e ela o
el Jeaati gl il G g1 ¢ (1-6g/Kg) e e sall (8 L LS sl (IS WS ol il G il g 2
6 Jsall 8 ge g LS Ao jall (8 6g/Kg @8 s sl S
Ol o ey (e ST liladlull aes 4085 oYU A€ 3ale 85 Cotula. € o) Al & el
.60/kg Dl Gile s Gileas

[175] omally GES) se (8 05 AT 5 58 se dene iyl (e Gl Al j3 Oy

Essential oil Fluconazol
YOl Ll ZI*] cMmI®P MCCP ZI° cMI?] mcc?
C. albicans CCMM L4 | 25.3+0.6 32 5.9 (263+1.2 24 24
C. albicans CCMM L5 | 20.3+0.6 4.7 5.9 |28.7+0.6 24 24
C. krusei 19.3+0.6 4.7 59 2540 32 32
C. glabrata 21.3+1.5 4.7 5.9 260 32 32
C. parapsilosis 24.3+0.6 3.2 5.9 2840 24 24

Brocchia .Ca (rabad) cu 31 jileddl slaal) JaLadl) ; 7 J gand
6 mmu=_dll ki clly & L (mm) byl ddlaia jlad - 7] Cus
3pedll a1 585U s MCCs adiall S99 38 55 :CMI
e B/ Jls S 10 S5 lial: g
e/ feda siaall il - B
B/ el e s 8e 40 K 5 Edl ¢
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Dhid) am Tyl (3halie g ¢ (7 Jsaall) Liledd) sl JS aum (g g8 Jaldi ) 3l el

o/ aale 47 N3.2 ez s 55 CMI adf gy ale 253 (N 19.3 G 7o s (Lileddl) IS g il
. CMI af (e Oiin s S| i€ MCC i gaes off il < el
S8 Ay ¢ [176] Gild) Jand) pe & jladyy e il o 8 4aiSall Fluconazol - CMI s
5 e C. glabratal 4 pg / mL 312.5 « C. albicans Jal (= 6 pg / mL & 3 (e 5l 55 o
Gl jileall saliad) Ll (¢ Lale o e C. Parapsilosis dal o« 7.5 pg / mL
I8 e Ll i ol C, cinerea Al g kel

Ml gy g5 balis Al ) o3l 1 o ) paldies o Sy ¢ gl sda ) ol
8 Al ) g 3l (e il g ySall aliaall Jaliiall ¢ yedal dailadl @l ) gl (é SIS 5 (5 52l

A gale DS A lgle H6iall 3 Al 5« camphor s cineole-1¢8 <ld 5[177] .trans thujone
[178] C. albicans s &35 daals < jekil s ¢ C. cinerea 4 skl <ol (B
Sy A i Sl (g e siia g B S e gana o Jandl 138 8 4y 23 o3 ) C 3l (5 siny
Eie JSG e sale (688 A ylaall gl O a2 il il s Seall sliaall Lliall e Al g e La e
Jaxll (8 Gl aa s [179] Ayl i 55 63 gall i S0 S e W liie ) (S Lo gae Laliill e
Alalat (Sar Y AY A sl b Sl (gl
Ruta.G < el s Sall 3alaal) LLail | 2-4-1V
M gyl g U Ul e il slre and § Jsand) b Aliaall LISV (B il

£33 IS am Ll e 5508 4l Ruta.G = el a3l o bl Gas ¢ Ly il e 222l
Gram- MRSA e a0 LSl clalcaall (e Walis H38T (LS 5 ¢ A s paall Ly i€yl
asladin i nitrofurantoin o '8l J3l s neomycin o i sl S5 (R skia L 15S5)positive
cefotaxime g Nlaia s ceftazidime o 1,8l ST oIS &S 5 «Gram-négative E. coli. 2
e 1l ST Ruta .G A bkl < 3l S5 «Gram-positive P. aeruginosa 2 4laiiul xie
055 O Sy Jadall <oy 31 lé 4ie 5 « Gram-négative LSl (s« Gram-positive L iyl
[180] LSl LI aia Jlad g ) 8 gia L 58S Jalias
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Bacterial Ruta Antimicrobial Antimicrobial
species graveolens agent agent zone of
essential oil inhibition
zone of (mm); Mean+
inhibition SD
(mm); Mean+
SD
MESA 20020 Vancomycin 5+0.15
Rifampicin 16£0.19
5. 22+0.23 Cefuroxime 5+0.11
epidermidis Cefotaxime 1120, 17
B. subtilis 28+0.65 Vancomycin 20£0.45
Chloramphenicol 26+0.21
E. coli 14+0.2 MNeomycin 12+0.29
Mitrofurantoin 16=0.15
E. aerogenes 26026 MNeomycin 20040
Nitrofurantoin 274025
P. 10+0.11 Ceftazidime 6+0.10
aeruginosa Cefotaxime 100,14

Ruta. G < skl a3l L il slaal) LLEL : 8 J gand
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Al b s il i 8 (Cs-Cos) SV Alulas (s -
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(Propriétés antioxydantes) bkl <yl sustill saliaal) 3 481, 8-V
.DPPH e Uil 5o 5 5 5 2ol sliaddl baliill 38 jaal ¢l jLid) Ciae aa

L) Al EBJ\AH B)\);J\ 3\;)3;
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S Jslae A sl 6l e DPPH sl j3all gl pud e 48 jlall o3a aqiad
0 rmse sa LS AT S je e s S Al @lld g e la ) Al Giasg Gl a ([ 184] L) 5
400K b AlLed) ALasll Allacd)

([ (L 0

M=
ON._ = J/N()Z + RH O.N J._ _no, + R
. |
b
2.2-diphénvyl-1-picryl-hydrazyl (DPPH)H
(DIP'TH) violet jaune

2Slll dlme oS 50 1 DPPH Lall sl Jelis 40-J<d)
GlminY) e Aol Chual (3 )aluly aine e (o4 5 A8kl o2 Jerid L3Sl Al jall Jal
(VTRS 4 o= SHIMADZU-1800 & 53 (= UV-Visible dleaiuly i 538 j2ll 5 ) s da 3 A
Al ) shasll 48y Hhall (el g
( BHT ¢H.E¢ Vit-E) 4w s 0 die S (e oY) Jolaall jumaty o giic/f
a5 A 5 e Aie JS1(500¢ 200¢ 100¢ 50 « 25¢ 10¢ 5) pg/ml:Aill 580 51l e Jeasti ladey -/
Cosiall Lkl <y 38 (280000 «140000 <70000 10000 <1000) :S) 55 ypian UL
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Santolinatriene  9.35
a-Thujene  0.98

a- pinene  1.36

camphene  0.49

Sabinene 0.33

R- pinene 0.294
Mentha-1(7),8-diene  0.12
a-Terpinene  0.72
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1-8-cineole 15.31
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1101 1105 a-Thujone 0.85 152 81,110,95,67,55,41
1112 1120 R-Thujone 32.01 152 81,110,95,67,55,41
1118 1124 Menth-2-en-1-ol<cis-p> 0.42 154 43,139,121,111,93,79,71
1141 1143 Camphor 3.92 152 95,108,81,69,55,41
1169 Unknown  3.56
1174 1179 Terpinen-4-ol 291 154 71,136,111,93,86,55,43
1186 1194 o-Terpineol  1.18 154 59,121,93,81,67,43
1207 1211 Piperitol<trans> 021 154 84,139,93,77,55,41
1232 1234 Hexenyl3-methyl butanoate<(32)-> 0.36 184 41,82,67,57
1283 1285 Isobornyl acetate  16.0 196 43,136,121,108,95,55
1288 1293 Lavandulyl acetate 04 196 43,121,93,69,53
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Ruta.GJ bkl <y 3l il S 16 J g
NO | IRa IRcal <L sl % | M+ LUBEN aai
1 932 931 a- Pinene 0.094 | 136 93,121,105, ,77,41
2 946 945 Camphene 0.446 | 136 93,121,107,79,67,53,41
3 988 993 Octanone<2-> 0213 | 128 43,71,58
4 1024 1028 Limonene 0.086 | 136 68,121,107,93,79,53,41
5 1087 1100 Nonanone<2-> 22.381 | 142 43,127,71,58
6| 1100 1107 Nonanal<n-> 1.215| 142 41,98,82,70,57
7 1141 1145 Camphor 9.629 | 152 95,108,81,69,55,41
8| 1165| 1168 Borneol 1.359 | 154 95,110,67,55,41
9 1165 1178 Nonanol<n-> 0.271 | 144 41,97,83,70,56
10 1190 1195 Decanone<2-> 1.752 | 156 43,71,58
11 1239 1243 2-Heptanol acetate 14.828 | 158 45,69,55
12 1285 1285 Pregeijerene 0.811| 162 79,105,94,53
13 1293 1301 Undecanone<2-> 21.711 | 170 58,85,71,43
14 1301 1307 Undecanol<2-> 0.504 | 172 45,83,69,55
15 1389 1397 Dodecanone<3-> 0.588 | 184 57,155,85,72,43
16| 1417 | 1415 Caryophyllene<(E)-> 0.253 | 204 | 41,161,133,105,93,79,69,55
17 1444 1438 Acetylacetophenone<p-> 8.777 | 162 147,162,119,91,50,43
18 1452 1450 Humulene<a-> 0.093 | 204 93,147,121,80,67
19 1495 1498 Tridecanone<2-> 0.562 | 198 43,85,71,58
20 1505 1509 Farnesene<(E,E)-a> 0.088 | 204 41,119,107,93,79,69,55
21| 1522 1521 Cadinene<&-> 0.082 | 204 161,134,119,105,91,
22 1548 1550 Elemol 0.247 | 222 59,161,121,107,93.43
23 1685 1686 Bisabolol<o-> 0.054 | 222 43,119,109,93,69
24 1949 Unknown 2.491
25 2163 Unknown 3.455
— o) 50 Al
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2 1301 Undecanone<2-> 21.711
3 1243 2-Heptanol acetate 14.828
4 1145 Camphor 9.629
5 1438 Acetylacetophenone<p-> 8.777
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o Lesle Jaaniall bl Bl oo il jally 5ais 3 Brocchia .CH (el daaill 45 )lad]
.20 dsaall 8 dain e oo LS ¢ ddliaal allall olas

allall 5 ol sl elasl 8 3aal gidl Brocchia (st ailull bl baaill 20 J gaad)

o
2011

i 3all
2014

)

Cotula. c

Cotula. a

BN

56l

sl
Al

AL gg@x Lo el

1. thujone 41.4

2 cis-verbenyl acetate 24.7

3. 1,8'CineO|e 8.2 [151]
4. santolina triene 7.2

5. camphor 5.5

1. camphor (27.4%),

2. santolina triene (13.0%),

3. thujone (12.9%),

4. camphene (10.7%), [147]
5.a -curcumene (5.3%)

6. a-Pinene 4.4
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7. B-Cymone 3.7

8. Bornyl acetate 3.6

9. p-Menth-1-en-4-ol 3.6
10. B-Phellendrene 2.2

1 Camphor 50.1

i1 | 2. Thujone 14.4
»=« | Cotula.c eyl i : ) [149]
sdl | 3. Camphene 9.8
EMNE "
i 4 o-Pinene 7.7

5.1, 8-Cineole 3.4

. B-Thujone 32.01
. Isobornyl acetate 16

kst | 3. 1-8-cineole 15.31

1
2
3
@35 | Brocchia .C S i) | 4. Santolina triene 9.35
5
6
7

138 lilee
i) )
el . Camphor 3.92

. Terpinen-4-ol 2.91
. p-cymene 2.27

Brocchia (uiad aibd) ilasS!) baail) il Adélia o
s allall & Brocchia osiad Jball <y 5 Sl daaill &l yas e g (53l 5 13 Jpaall Al
- UL el g ol il g i) Taadl) i ¢ il el

Jidis yeae b4l Ao Jef Camphor & « 41.4% 45 xall (8 4l 4w el R-Thujone
LS jall 02a a5 Cus [5.31% b L 8 aldaws el 1-8-cineole <15 ¢ 50.1%
Cua il 84l s ST as g santolina triene & ¢ AiaSY) iy 53 6 sall Alile ) &)
bkl JISaT bl 3 datin g el i 5 gall Abile (o ga g dadnia ogd jean dela [3% cialy
. Brocchia .C - sailad) S jall JiS
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Aulia 5 il Ol Jondll
41 81
100 o ) 0
80- 6? 95 %,
60-

55 ,
40+ :
Wl p

||' ,flfll. | .]l - I:]L 1|.._1J,|_1 I; | I I | 1 . l3?| 1| |
40 60 $0 100 120 140 160
R-Thujone - ALl Caa 52-JSil)
95
100+ 41
80- 81
60- 55
69 0
40- 108
152
201 { 4 137
ﬂll[.;l .|s “!ll ||'|'“ — ila L | L ur :
40 60 80 100 120 140 160
Camphor J Al Cada 53-J<ddl
100, 43
80+
60
81
1 3 ) 108 139 154
2L H
. il Irlh Inlll ) “ i 1 ||l l|| li lI r
40 60 80 100 140 160
1-8-cineole 4 ALl Cada 54-JSid)
100+ 93
80- =
604 41 " 121
40- o N
105
- \ ‘ 136
I| N | ;]“ 1 lil.I |.§ ! T
40 100 120 140

santolina triene 4 ALl Cada §5-JS&d)
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Isobornyl acetate J ALl Caa 56-J<iddl
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ALdliay il Usiall Jaadl
Ruta.G - dalalasl) zitiill 45 e dud j3 ,2-3-2-VI
slail 3 Lede Jhasiall bl Bl e 5 el sadi (Al RUtALG ) (Sl aaill 45 jlad]
21 Jsaall 8 daia se oo LS ¢ Adliadl) Lllal
alladl g cha glf slad) & Baal giall RUtA.G (it dibead) Aliast) aail) 27 Jgand)

Lt ) s 32! iy b WLl FloSIH oo el
W\ f‘%ﬁuw'}?\
1. 2-Undecanone 46.8
¢ 3al) )
Ly skl | 2 2-Nonanone 18.8
CE Rutag ‘"53\)@\ L .
" 3.a-pinene 1.3 [118]

4. limonene 3.0
5.1,8-cineole 2.9
6. 2-Decanone 2.2

7. tridecan-2-one 2.5

—_

. 2-Undecanone 82.46
¢ 5al kil | 2. 2-Decanone 10.03

Olosals Ruta. a i FOAT [115]
el ¢ 3. 2-Dodecanone 1.51
1. Octyl acetate 33.16
3 plall
T ¢ 5all k&1 2. 2-Undecanone 23.82
SREY Ruta. c el JEW [119]
« i 3. 2-Nonanone 16.97
4. Decyl acetate 9.89
1. Octyl acetate 28.61
N okl 12, 2-Undecanone 22.59
. Alall
el < 3. 2-Nonanone 14.11 [120]
e g
o= Ruta. c 4. Decyl acetate 10.48
o
5. Isomaturnin 2.64
6. 2-Decanone 1.49
7. 2-Dodecanone 1.38
uasdll 1. 2-undecanone 77.18
o il
¢ jall . 2. 2-decanone 8.96
Ruta. ¢ sﬁ\ Sl
« 3. 2-dodecanone 2.37 [121]
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L 1. 2-undecanone 47.21
2R vl
Ruta. c R “Ly | 2-2-nonanone 39.17 [122]
. &
& sell
1. 2-undecanone 33.9
¢ 3all -
i »kill | 2 2-Heptanol acetate 17.5
O xbk | Ruta.g & sel JEWA P [123]
O - 3. ,1-dodecanol11.0
4. geyrenel0.4
5. 2-nonanone8.8
1. 2-undecanone 49.08
< Ruta. ¢ ¢ 5al k8l | 2 2-nonanone 33.15
S sl sl ) [124]
o yrall & " 3. limonene 4.19
4. decanone 2.71
< s 1. 2-undecanone 66.49
Ruta. c Olisd) okl | 2 2-nonanone 16.24 [123]
‘";"Ld\
1- 2-nonanone (37.13%)
Lal
o Ruta. g ¢yl 2- undecanal (34.69%)
Gy ol Sl [126]
! 3- 2-acetoxydodecane (5.0%)
4- 2-decanone (3.31%)
r 1- Nonanone<2-> 22.381
@
\3 e 2- Undecanone<2->21.711
Ruta. g o5l JAL&J: 3- 2-Heptanol acetate 14.828
el " | 4- camphor 9.629

5- Acetylacetophenone<p-> 8.777
6- 2-Decanone 1.75

Ruta (aisd sibad) Alassll Jaall) gl Addlia off
i all s alladl 8 Ruta sind ldal) i 50 eI daaill ¢ 33 meaa 0 (5315 21 Jsaadl Al
AUl Sl s @ il g bl daadll lé ¢

844 JeiNonanone<2-> a5 ¢82.46% o s Qluali 8 4l 4oy e 2-Undecanone
it Cun 10.03% (o s Ohasali & 4l s el 2-Decanone U5 ¢ 39.17% Jicis Jy ) )
Ruta.G - 83d) S pall SIS Glal ST Sla By il gl Alle ) A3 LS 5l 030
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100- 53
80
60-
40-

20- ‘

!

80 100 120 140 160 180

Nonanone<2-> 4 K| Cada 59- <)

43
100+ 53

80+
60+
40+

,.|. 127 142

i M . 1

43
100+ sg

80-
60
40+

71

80 100 120 140

Nonanone<2-> J il Cada 0-JSEu)

o]

Mv

127 141 156

40 60

. Ll "
4 I T T 1 T 1

80 100 120 140 160

2-Decanone 4 Al Cayda 61-JS)

Sl e 30 Ailanll g ity 38l Gailadl) 4-VI

(sl Apila i) 5 lpdall gy 3 ariy L) et il 5 el sl (e 55l (ailaadll ()
o il 1agd G 3N e Basane Claglae (o V) duasi V5 A0S je o8 (L. (Al dadl )
o Ll e Al s Lallal) ald) julae Coen 48 paall 5 eled 2l Al 5 e 5 3aal 3 jaen LSS
Al Jlaialy Al g e liaall Glasall 8 3 s )l A1 el aie cHlaliiu) Cai s o 5anll

A 5o il

Badize dpalle Clalaia ac Ao g (il AN 028 20ad O Sy I ol 038 (g (e s

«( International Organization for Standardization) 1SO : L (sallall Alull 3344 5 yall
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ALl g il ol Jaadl

AOAC(the Association of Official) « AFNOR(Association Francaise de Normalisation)
[191] (Agricultural Chemistry ; USA)
A e JS sy AFINLOR <k (e adine 58 Lo e el 5 400asS 5 5l ailiadd) yaas o
A1 Ay B ¢ A genll Ay 8 ¢ LAY AL B il 52l 5 0
(S Jeadl) 8 R e al AT 238 2285 ) (3 k)
Ruta.G B. cinerea ;e JS3 Juball <y 51 4300 sS 5 5l (ailadll ad 26 Jgaad)

[192]a> ) Ruta.G = Jbhl) cy3ll Brocchia. C = k!l <3l aibadl)
0,942 0.873 0,978 20°C i 480
1,4630 1.3610 1,4868 DLaSaY) 44y 53

- +0.34° +0,25° FRPEREA
4.330 2.244 5.611 da gaall 4y )3
41.55 43.523 42.621 i) Ay

il e (3ulal 1-4- VI

cu sl calall 8 cas s Al dedll o ls Ruta.G 5 B. cinerea o S A8 (f laadl
Ay B ellasy ¢ JluSV dy il 4l adle g Le Ly @3S < [192] M.vulgare - skl
138 b il L Lo 53 GOl 35m 55 6 0 2 55 e LY Lot 7 s o LIS 2 5 i an
Ty et Ll 3l S LS ] o) LS i)

B. cinerea ¢ JS Jldall < 51 )l Ul 5 ds ge Lgta Jan Ui 4300 ) all 5 jadll dpilly Lol

| dai 5 s s azal ) J &5 <Al Un pouvoir rotatoire dextrogyre sl e Ruta.G
- oaibaddl oda clliai s jhlile e ()5 S 3,0 (5 siad (Al 48 Al LS jall 3 4l
oSl Balicaal) 5484 3-V/]

355 aa RUta.G 5 B. cinerea - e JS Gulusl) oy 30 auklill salcadl) 5 a8l dl oy Liad
s DPPH Al sl goddi 48yl Jlesiuly Aul all caai ¢ Vit Es BHT e 5 daxa e 03 e
Calite il Jsladd 517nm da sall Jsba die 3l 13gl dualiaieV) (uld &3 clidls lgs g 58 o
Al 8 daliaia¥) Jama a0 aa 308 55 JSI @l e B @l ) S5 e A5yl Al 30 3
(ot L A ga il

o\J}SSJ:dL.u)




ALl g il

oabad) Juadll

Vit. E s BHT sRuta.G s B. cinerea ¢ JS jS5 ANy DPPHJ) kapfidl) dasd il 1-3-VI
B. cinerea J:S_5 AV DPPH _all [iall byl 4 <l a5 1(22)d s

B. cinerea C(ug/ml) | 500 1000 10000 70000 1400000 | 280000
1(%) 422+0.025 | 5:0.03 | 7.6£0.045 | 34.2+0.2025 | 54.13+0.32 | 75+0.444
Ruta.G_ = 5 A¥a DPPH _all aall Jawi duis &l yaad 2(23)J )
Ruta.G C(ug/ml) | 500 1000 10000 70000 140000 | 280000
1(%) 4.13%0.015 | 4.138+0.005 | 13.5140.0034 | 54.39+0.0036 | 78£0.03 | 89.86
Vit. E 5 BHT S5 Y DPPH _all jiall Jai s <l s 1(24)d g2
Reference | o a/mi) 5 10 25 50 100 200 500
compounds
BHT 0.5£0.001 | 1#0.003 | 3.4+0.002 | 7.8+0.008 | 18.5£0.002 | 51.3+0.004 | 67+0.007
Vit. E I(%) | 15.4+0.016 | 31x0.002 | 79.5+0.008 | 89.9+0.0014 | 93.1+0.0014 | 91.10.008 i
JUITEN

-

ol IS 8 s padl) Al 3 55 :C(ug/ml)
A gy due JIDPPH all jdal) dawfi 4 :](%)
de JS DPPH Y iall (e 9650 i Tadial) 58 5l 3a3 (24,23,22) sl 3 S8 (e
Al il e Jeass @lld axg g ¢ S8 ) s o LaluYlh @lld g ¢ Ay
Vit. E 5 BHT Oxa_ll sRuta.G s B. cinerea o JSI [Cyp hasiall Y1 35S 5l 4 :(25)J g

Vit-E

BHT

HE Ruta.G

H.E B. cinerea

gl i Sl 3

15

180

64000

120500

ICso pg/ml

) e gabaill- 2-3-V/]
Laadl s ddadiall Aall 38 5 2yl 3 2l 55 (%) daasiil) A (o) A8l JISEY) DA (e sy
30l e Jay Laa b e 38 55 die 5 50S () 58 Jap i) A i () dgma ) ) gl JISET &
ol Ll ¢ BHT &8 Vit E LIS Let 8 o Leusi 55 (S ) geall 036 3 5l 2 STl 3l
30l Coesa Ao Jay Lae 35S 380 5l s () 505 Laaie 2l 35 o il A of JaaDlid oY)

.Ruta.G  sB. cinerea- s JSI oasba) <y 511 auSHll 3aliaall
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Dy Laa ) Jaall e la ) e 55083 508 41 Vit E o it o oSy i) golal) JA (s
Ao gana 35 sl 108 5 3 e 3aS) i Allesind o g1y (ia Tl A 85 )1 (e 5 Adpalialial ol
A (Ja (S e al |G (0585 Laie XS5 5 al) gl pla ) e 3 38l Ld ) J il
e 55281 55080 Wb A J il de gane 3 gm0 AlS juy 138 5 ¢ uSe ol (gl 8 S ()5S Jail
oall aallels )
4adal).3-3-VI

332 53 Adadi ya 3kl gyl & WSl 3ol aall 3,080 (Ld Ahmed s Remarthan s
S el 25a 5l €5 [189¢ 188](&.... phytol « thymol « Carvacrol) 4=l sl <l < )
2uSUll 3alcadll il 5all aal (e (7 —lactone) 4,8,12,16-Tetramethyl heptadecan-4-olid
. [190] E 0l 8 3 52 5l

acl) L ki LaS LS 5l 38 43 08 Y Ruta.G 5 B. cinerea (e JS3 Jllall 3l i Lay

.BHT s Vit-E ae )l digaca 2uSlill 3alian 3 8 4l Ll <y 511 o sl oSy Gl

B. cinerea s Ruta.G < bkl <yl cily g Seall sldaal) liill 5-VI

H;ISSUAGM\ \.AA} ‘B)M‘JJM‘}Q,):‘SS‘MU‘JSMJM‘ q)ﬂ@sw\hﬂm
LS yhadll 55 el delad8 5 L il delu 4 cpuanll oy 138 5 ALl (55 el Liilaa S xie CM
A ) peaall (8 ria sa 5o

H.E Csb bl 64-JSid) B. cinereaJ CMI _sli ,63-0s&l  Ruta.GL CMI Lsli L62-Jséd
gl e @il 1-5-VI
e s Al 1 5500 Tagiiall a1 € 5l ) JaaBs 28 Jsaalls 27 Jsaad) il A (e
B. cinerea 5 Ruta.G 2 Jlebll <y 3l e IS 43 15 pl/ml st 5 STy i L i€y cuils

o «Micrococcus luteus(Gram+)_s (Gram+) Listeria moncy togene L sSull Ui uly

b\_))SSJ:dLuJ



ALdliay il Usiall Jaadl
5 sl sl >S5S Lty Ruta.G 2ie 138 5 10 pL/MI @ st sl ST (5K Jadiall 3oV 5 5l
. Mucor ramannianus bl dauills dai 4 jelai ol Wadl 45 ¢ B, cinerea xie pL/ml
Gram-positive e 4dxé S B, cinereas Ruta .G ¢e IS el 3l 13 Gady Lay
Lol (e Al las JSLa o Y 3L3Y) Jasd ¢ Gram- negative LSl (e S

AN Hlas Al 13 8 lades ST oS ¢ diliie Gram- negative LsSidl s Gram-positive
oLl (‘peptidoglycan) oSl suiull ke Jasi 3 s )& cLie 4Gram-negative LSl

O el elall Ay Sy Jan Jadh o lasall Lalse lliag ()Ll o LixD 13 195 <194 ¢193]
Lol & caile o Al cLaall s (25) S o Lall da HISH el jall 5355y Ly 58 a5 4DIS
e ST Gram-positive <l Sl aca elall o IS ¢y 3l Blss Cun ey 38 138 Gram-positive
Gram-L_sSall dpubua 8 ¢ @) xa [197 ¢ 196 ¢« 195 ¢ 194 <193]Gram-negative (s

E. 5o e al (e ool cyy e JEal Juss Jo Jamall 5 uinll 138 5 Calias snegative

Sl L s g S dinal) Galaall Calise ae Jeliill JMA (0 Gram-negative aerogenes
ey 38138 [198] ilaa ¥l [ars dsa s aae sl 3sa s o 13ladie ) dpnluY) gy 3l i Caliay 58

E. aerogenes.slas Laii e by 5 Spall labias Wl il Ruta .G ) 13l

al gl Az g e

(Gram-positive bacteria)

e )
U .

h f‘Wlp ‘
@ .ll AL AL b‘ I J‘ membrane

gl
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Aulia 5 il osdaadl Jcadl

' ' | ‘ » Ponn
LPS ‘ ‘ 4
Cuter mambrane
ot i 20 L S
:,l.’,";(,,,gm.. (Gram-negative bacteria)
Bayer's junction ..":-’"" —— Perplasmic g0

,5. AN (AR HERIEERS | con arane
[199] Sl plaall (S 55 : 65 -JS)

daddl) 2-5-VI

CMI <lisive JAefasal g- pinene- — ()l sl jaca Of 2a 5 43l 28 G e
2 0.094% 0353 3« Lain B, cinerea = sl <y 31 (8 1.36% 0259 30 Syl 134 5 ¢ [200]
dea s ¢ Jmiall i anadl G Jsdl) adains JUill s Ruta, G = ekl e i (4 Sl < 30
r e iy s ySall alizae Jalis @lbiad Liayl o4 ST 3ol caall dpalal) alliag il Gl yall ofd 5 A
B. cinerea ¢ JS Jlikall 3l G383 ga g e LS yall 038 5 phytol « thymol « Carvacrol
Gl IS B jaS L le g Tadlall (A0Y) S il 6 AN Ruta.G s
Ll Cun 4a clie s B, cinereas Ruta .G (e JS (bl 51 CilS jal s 5l Ciangl)
il 3V it g ¢ il o) oy ¢ e Lad) 3083 0L ) 3 Lae Al cLie Cali ) (5053
201 ¢ 194 « 193] 4dlisal) i 5 ,all
Lgria slia Camaay o pad ll 5 ol jall Al dan g LSl (e g i) oo 130 ISYI 4 il g il ()
g5l Lain ([202] Aeslaall e Ay anal) Cilaa 3O 2 5a 5 pae 5 (5 slal) LERN a5 Amnda s
il aliaal) da glaad ol Slliad Gua ol jall Arpal Al LSl e g il a1 J8Y1 4 il
LS ¢ 4 sl Claliaall 5auSS e sy Can 55 0 a3 )3 PLaerogenosa gaki Jied 4, 5al)
I IS 8 gay 5 ¢ [203] Aaseadl laliaall 4 slae Clina dead Al Slase B0 (e sl elliad
saseiiall diaall iy Sl (e 45 Sl (Outer membrane) o ) eliall (e s SOl
A jlae 81 o) gall 40385 Jaa ) 5 [204] S (5 51l o Laall s (Lipopolysaccharide)
. Gram+ LSl
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ey el Juadl

Ruta.G J bkt cuill (CMI) Jasad G331 1S3 vl .27 Jgutonl
Les concentration (ul/im]) . 02 .u
Bacillus subtilis + + - -
(ATCC6663)
Micrococcus luteus ¥ + + -
(ATCC9314)
Listeria - - - !
( 10)
Bactéries a Gram -
e IR
Levures

Bactéries a Gram +
Escherichia Coli + + ¥ -
(CIP54.8).
Klebsvella pneumontae + + - -
(CIP82.91)
Pseudomonas aeruginosa + ¥ + -
(CIPA22).
Agrobacterium - - - .
tum efaciens (N°2410)
Salmonella enterica + + + -
(CIP8L.3)
Champignons
sl N N J 1NN
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B. cinerea J ;) cyill (CMI) azelt g3Y1 7S ool 28 Jguod!

Les concentration{ul/mi)

[

Bacillus subtilis
(ATCCo6663)
Micrococcus luteus
(ATCCY9314)

Listeria monocytogene
(CIPS2110)

Escherichia Coli
(CIP54.8).

Klebsiella pneumoniae
(CIP82.91)
Pseudomonas aeruginosa
(CIPA22).
Agrobacterium
tumefaciens (N°2410)
Salmonella enterica
(CIP 81.3)

Bactéries 4 Gram +

@€
A
3

Bactéries 4 Gram -

+

Champignons

e 0 IR
sl B N § 1N N

15
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dalad) LD
Al 5 et Lgme 4 il 5 L il 5 ¢ ) guandl jae o) puiaddl LAl ae de i lus) o)
OISO el 5 A8 3 e 2 5n 5 ge 0y shal g D jdas dale Gilagd sae Llla (815 pnans LSl
Slie La ol gll Lpnailad daai s Al Jeal o Al Ailasl) LS jall yass
g U Al S il Al o 8 aals Of Ll gla G cJuand) 12 Slaiily Lidd 13 a0
GUAS 5 ey 31 g 2l sliaall Lalill oy 53 03 ¢ B, cinerea s Ruta.G o JSI paliial Lkl
3¢ LilasS 59 3l Gailiadll 1385 5 ((CMI) Jadiall (a1 38 Sl 48 jme SR (e o sl gall Jalizall
<l
EOU Jleainly &35 B, cinerea s RUtALG (re JS) ol oy 311 GaBlainly Liad Al
(A Bk
cobal) il a5y adALLY) v/
H3PO, ddlaly L) udaill ddasd gy adaiuY) v/
.Micro-onde 4adall Gila gall e ddaul g padA5LY) Vv
Dok Lo Uae Cas
A8 e dadl ycyy IS -
.B. cinerea 5 Ruta.G ¢ JS haus gie Lo see ajle Juantall 293 5all —
adas yall Ll e gila s SN Jlaxiulh B, cinerea s Ruta.G <o 3l 1aa <l Ka e L jai a5 —
S S 5l e i e 91.99% 5 95.04% Ao il 4 Cua «GC/MS A4S dlilaa
. Lagia JSTUS e 25 sty ball a5
At (e 81.77% JAaS s 833w LS e 72 aadhy B, cinereasbidal) cu i SbeSll S il —
77.326% \isai 333 LS 50 5 o aahs RUtaLG Wl K1 253 3l
D ohbe Ll dum SLkall ¢y 31 20Tl Baliaall 3 408l ayaa o
S5y aad 138 5 Vit-E Qe A jlail) oSl culalizas ae 45 jaally A o oSlill alcan 3 28 —
. B. cinerea 5 Ruta.G ¢ JSIjhall <y 31 8 4 gidl) LSl
Al 9all 3 a8l 5 ST Ay 8 A8USH (e JS s @llh 5 4000aS 59 5l (ailiadd) 4 ppe Ciady -
) Ay B A genll A3y 8
MR o B. cinerea s Ruta.G cre JSI Jlhall <o 5l i ol ol dle il ) Uyl 5aY) A -
A s Sl @il (CMI) Ll (20 38 5l agaas
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Aul o (8 S e ln ol LilaaY 45 L 3 addl) Jasll 5 cdgna el 4l all e (U,
Db Lo ) Sluine bl 1) el clilil) g g 5 iy 3 8308 (e (g g8 Gmn¥) il o3

b iy 3 8 e Aadll o) sl (e @S 8 HPLC Lo s AT Adlda (5 5k Jlaxinl @
. B. cinerea 5 Ruta.G = JS

Y Ll Ledde s B, cinerea s Ruta.G (» S (4 3aa) siall Galaall e (23SH @

Al 45kl Jie Lkl <yl g AT (adlatiul 3k aladiil e

Jia 2uSlll sliaall bl a5 Lerde o jlaiall 5 4 lueall S jall e 20 ST Jlaxicd @
&... PG «TBHQ GA <llall ass ¢ Vit-C «TBA

AU alaall Jabasll el jlial e aae ST Jlaial o
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ABSTRACT
The essential oil of the aerial parts of Ruta graveolens, obtained by

hydrodistillation, was analyzed by a gas chromatography coupled to mass spectrometry
(GC-MS) method, in order to determine its chemical composition.. Twenty-Five elements
were identified in Ruta. G essential oil. The findings showed that the main components
of the essential oil were : Nonanone<2-> (22.381%), Undecanone<2-> (21.711%), 2-
Heptanol acetate (14.828%) , Camphor (9.629%), Acetylacetophenone<p-> (8.777%). It
is the first report on the chemical composition of the essential oil extracted from the Ruta
graveolens cultivated in Algeria, as well as an original study on the antioxidant activity of
Ruta graveolens essential oil. After investigating the antioxidant properties of Ruta
graveolens essential oil with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
method, the findings displayed that this oil has low efficiency as an antioxidant;
nevertheless, it can be considered as an important natural source of antioxidants in
comparison with other medicinal plants.

KEYWORDS: Ruta graveolens, Undecanone<2->, Sesquiterpene , Monoterpene , antioxidant

1. INTRODUCTION

Ruta belongs to the familia Rutaceae. There may be 8 to 40 species spread
all over the world. There are 5 species in Algeria: R. gravelolens, Ruta
angustifolia, R. chalepensis, R. tuberculata, R. montana (Farah et al ., 2013 ;
Hazzit et al .,2015), whereas in Tunisia and Iran there are only two species of
Ruta namely R. chalepensis and R. graveolens (Mojtaba et al ., 2009 ; Mouna et al
.,2007)
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It is a herbaceous perennials plant, a wild and horticultural herb of the

Rutaceae family, widely distributed on the Mediterranean basin (Iserin et al .,
2001 ) but, also, could be found in Europe and many Asian countries such as
India, Japan and China. It grows in dry and rocky places It is a perennial plant,
stinky, pungent, just less than a meter height straight stem. Green to blueish leaves
dotted with glands with yellow star-like hermaphrodite flowers. Each flower has
five-stranded concave petals, with eight to ten stamina crammed on a thick disk,
surrounding the ovary that extends to a style and ends with a stigma . the flowers
bloom in August and give seeds on the peaks (Iserin et al ., 2001 ).

Concerning its volatile oils, several studies have been carried out around the
world for Ruta species in the countries where they grow, particularly in Tunisia
(Moufida et al ., 2011 ; Nahed et al .,2012; Jamel et al .,2010 ), in Algeria (Farah
etal ., 2013 ; Hazzit et al .,2015), in Italy (Vincenzo et al ., 2002 ) and in Brazil
[Franga et al ., 2015 ) Iran (Mojtaba et al ., 2009 ) as well as in Morocco (Sana et
al ., 2014) and in Turkey as well as in Jordan (Jehad et al ., 2015).

Its essential oil is used to remove blood pressure, skin diseases and rhinitis (Iserin
etal ., 2001 ). Several important studies were on this oil since it contains

inhibitors and anti- male hormone substances (Khouri et al ., 2005 ), anti-fungal
activity (Oliva et al ., 2003 ), and blood coagulator.

Ruta .G contains an effective substance found in four types of Ruta and studies
were carried out to understand the process of the production of this substance
from Ruta .G for this substance is used in the treatment of skin diseases especially
vitiligo (Milesi et al ., 2001 ).

For essential oil or “essences” it is a mixture of volatile compounds
which are compiled of terpenes and their oxygenated derivatives like ethers or
oxides, aldehydes, alcohols, ketones, esters, phenols, amines, amides and
heterocycles. They possess a high potential bioactivity like antibacterial,
antifungal anti-Inflammatory, cancer chemoprotective (anticancer), cytotoxicity,
antioxidant, antimicrobial, antiviral, repellent and insecticidal activity
(properties). These essential oils can be extracted by steam distillation or by

mechanical processes, or dry distillation (by using steam and hydrodistillation).

Ciéncia e Técnica

R o 181
Vitivinicola



ISSN:0254-0223 Vol. 33 (n. 11, 2018) o Printed i
é; PORTUGAL

Biological activity of essential oils depends on their chemical composition and
structure activity relationship (presence of hydroxyl group) (Joshi et al ., 2016;
Ghoorchibeigi et al .,2017; Wissal et al., 2016, Najwa et al., 2014).

Through our short description of Ruta. Gand its medicinal qualities and uses
came the interest in studying this specie for other unknown qualities mainly its
antioxidant properties which have not been uncovered yet.

1. MATERIAL AND METHODS
2.1. Plant material

Plant materials (aerial organs) of Ruta G. were yielded during the period of
May — June 2015 in the zone of Bayadha Wilaya of Oued Souf, South East of
Algeria.

2.2. Essential oil extraction

The specimens were desiccated far from humidity and all pollutants for
two weeks in the shade in open air at room temperature.

A quantity of ground plant (100 g) were processed, for 3 hours, by water
distillation using a Clevenger. The essential oils were dried by anhydrous sodium
sulfate. Then, filtered and stored at 4°C.

2.3. The conditions of the Gas Chromatography and Mass Spectrometry
analysis ((GC/MS analysis)

The essential oils were analyzed on an apparatus of gas chromatography
coupled to mass spectrometry brand Hewlet Packard 5973A, equipped with an
apolar capillary column (HP5MS, 30m x 0.25mm, phase thickness: 5um). the
detection mode: electronic impact, ionization current: 70 eV, carrier gas: helium,
flow rate: 0.7ml/min, the source pressure: 10-7mbar, interface temperature: 280 °
C, injection: 250 ° C, the programming of the oven: 2 ° C / min from 60 ° C to
280 ° C, with isothermal: 8min at 60 ° C. and 15 minutes at 280 ° C. 0.1 to 0.2yl
of pure essential oil and 1ul absolutely were injected in split mode 1: 20.

We identified the nature of the essential oil elements by comparing their
retention times to n-alkanes, and to previous issued results and spectra of
authentic mixtures using their mass spectra compared to Wiley (Adams , 2007 ;

Macchioni et al .,2003 ).besides comparing the mass spectra fragmentation
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patterns with those mentioned in other works ((Adams , 2007). The
chromatographic conditions and GC analysis were analogic.

For the determination of the indices of retention a line of n-alkanes (C5—
C28) combinations were studied in the same operational circumstances on HP
device. The specimen indices were reckoned according to Van den Dool and
Kratz (Adams , 2007) .
2.4. DPPH Radical scavenging assay

The aptitude of the Ruta graveolens extracted oil in scavenging the free
radicals were evaluated by using a synthetic free radical element, 1,1-diphenyl-2-
picrylhydrazyl (DPPH), conferring to the method used by Bersuder (Tep et al

Ksouri et al., 2015 ) , 500 pl of each sample was blended to 50ml of
ethanol and (0.02%, w/v) of DPPH in 99.5% ethanol. The solution was quivred
briskly and incubated in the black. A spectrophotometer was used to measure the
absorbance at 517 nm after 30 min. the evaluation of the DPPH was calculated
using the formula below:

Radical-scavenging activity = [(Aplank — Asample)/Ablank] % 100

Asample  and Aplank:  the sample and the absorbance of the control (blank),
respectively.

The value ICs is the quantity of antioxidant needed in the inhibition of the
DPPH by 50%. The BHT as a positive test. The findings are given as the means
of triplicate analysis.

3. RESULTS AND DISCUSSION

3.1. Chemical composition
the spectrum of GC-MS is shown in figure 1 displays. The rates and the
RI of the branded elements are recorded in Table 1 according to their extraction
order on the HP device column. GC-MS of the studied plant (Ruta. G) essential
oil helped identify twenty-five (25) components , about 91.99 % of the total oil.
The essential oil income eluted from the aerial organs was 0. 85%.
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Fig 1: Ruta. G essential oil GC-MS
Table 1: The chemical composition of the Ruta. G (RI) and perercentages of essential oil
composition.
NO IRA IR compounds % M+ The most important fragments
1 932 931 o- Pinene 0.094 136 93,121,105, ,77,41
2 946 945 Camphene 0.446 136  93,121,107,79,67,53,41
3 988 993 Octanone<2-> 0.213 128 43,71,58
4 1024 1028 Limonene 0.086 136  68,121,107,93,79,53,41
5 1087 1100 Nonanone<2-> 22.381 142 43,127,71,58
6 1100 1107 Nonanal<n-> 1.215 142 41,98,82,70,57
7 1141 1145 Camphor 9.629 152 95,108,81,69,55,41
8 1165 1168 Borneol 1.359 154  95,110,67,55,41
9 1165 1178 Nonanol<n-> 0.271 144  41,97.83,70,56
10 1190 1195 Decanone<2-> 1.752 156  43,71,58
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11 1239 1243 2-Heptanol acetate 14.828 158 45,69,55

12 1285 1285 Pregeijerene 0.811 162  79,105,94,53

13 1293 1301 Undecanone<2-> 21.711 170  58,85,71,43

14 1301 1307 Undecanol<2-> 0.504 172 45,83,69,55

15 1389 1397 Dodecanone<3-> 0.588 184  57,155,85,72,43

16 1417 1415 Caryophyllene<(E)-> 0253 204  41,161,133,105,93,79,69,55

17 1444 1438 Acetylacetophenone<p-> 8.777 162  147,162,119,91,50,43

18 1452 1450 Humulene<ao-> 0.093 204  93,147,121,80,67

19 1495 1498 Tridecanone<2-> 0.562 198  43.85,71,58

20 1505 1509 Farnesene<(E,E)-o> 0.088 204  41,119,107,93,79,69,55

21 1522 1521 Cadinene<&-> 0.082 204  161,134,119,105,91,

22 1548 1550 Elemol 0.247 222 59,161,121,107,93,43

23 1685 1686 Bisabolol<o-> 0.054 222 43,119,109,93,69

24 1949 Unknown 2.491

25 2163 Unknown 3.455
IR calculated  IRA: (Adams, 2007)
Tablel shows also the Five components with a predominance of : Nonanone<2->
(22.381%), Undecanone<2-> (21.711%), 2-Heptanol acetate (14.828%)
Camphor (9.629%), Acetylacetophenone<p-> (8.777%), respectively which
correspond to about 77.326% of 86.044% and express the various chemical
groups with a supremacy of other compounds (74.914 % of the total rate of
volatile oil), ensued by Oxygenated monoterpene (10.988%), and Monoterpene
hydrocarbon (0.626%) , and Sesquiterpene hydrocarbon (0.516% ) respectively
as shown in Figure 2.
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Fig 2: The chemical groups of Ruta. G essential oil
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the functions of chemical to the mentioned above chemical present in the
essential oil are Ketones 65.613%, Asters 14.828%, Hydrocarbons 7.899%,
Alcohols 2.435%, and Aldehydes 1.215 % respectively as shown in Figure 3.

Fig 3: the functions of chemical families of Ruta. G essential oil
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These results are not very different from those found in Italy for the Ruta. G.
which essential oil major components rates were: 2-Undecanone (46.8%), 2-
Nonanone (18.8%) , limonene (3.0%), 1,8-cineole (2.9%), 2-Decanone (2.2%),
tridecan-2-one( 2.5%) ( Vincenzo et al ., 2002 ) , The two common and strong

drivers are 2-Undecanone and 2-Nonanone .
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3.2. Radical scavenging assay (DPPH)

We studied the antioxidant capacity of Ruta. G essential oil with two-

components references, namely BHT and Vit. E, the study has been achieved via

free radical

DPPH trapping, which has been explained previously. The

absorbance measurement of this radical was done at the length of a 517nm wave

of the ethanolic solution at different concentrations of the sample with a three

times repetition for each concentration yielding absorbance rate at the end. The

results are described below?7

From the two tables (Table 2 and 3) we fix the inhibitory concentration

of the rate 50% of the DPPH free radical for each studied sample by the projection

on the concentration axis. The findings are shown as following.

Table 2: the changes of the free radical DPPH inhibitory rate in relation with the

Ruta. G concentration.

Ej PORTUGAL

Ruta.G C(pg/ml)
1(%) 4.13+0.015 | 4.138+0.005 | 13.51+0.0034 | 54.39+0.0036 | 78+0.03
Table 3: the changes of the free radical DPPH inhibitory rate in relation with the
BHT and Vit. E concentration.
Reference
compounds Sllpiml
BHT 0.5+0.001 | 1+0.003 | 3.4+0.002 | 7.8+0.008 | 18.5+0.002 | 51.3+0.004 | 67+0.007
Vit. E 15.440.016 | 31+0.002 | 79.5+0.008 | 89.9+0.0014 | 93.1+0.0014 | 91.1+0.008 -

inhibitory rate.

C(pg/ml) equals the studied sample concentration in each test tube. 1(%): the

1Cso (Ug/ml)
Ruta .G 64000
BHT 180
Vit. E 15
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From the previous tables, it is shown that the inhibition ratio 1(%) is
increasingly growing with the increase of the inhibitory sample concentration. It is
also noted that from the Table 4 of the reference components that the inhibitory
rate changes are high at low concentrations, which shows the antioxidant capacity
of these materials that can be arranged according to their strength as follows Vit.
E and BHT. However, we note that for the essential oil inhibition ratio increases
when the changes in concentrations are significant, indicating the weakness of the

antioxidant capacity of this essential oil for Ruta. G .

4. CONCLUSION

Essential oil chemical composition of the Ruta. G, yielded from Algeria,
is significantly different from that brought from other countries . This can be
attributed to several factors like soil, climate, water quality...etc

The findings showed that the essential oil major components rates were:
Nonanone<2-> (22.381%), Undecanone<2-> (21.711%), 2-Heptanol acetate
(14.828%) , Camphor (9.629%), Acetylacetophenone<p-> (8.777%).

Antioxidant ability is exclusive to our work since our study is pioneer
concerning Ruta. G . Our results showed a low antioxidation ability for this latter
in comparison with the reference compounds and other plants antioxidation
ability. This is essentially due to the presence of phenols that redox free radicals.
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