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Abstract :

Chemical analysis of three olive oil Samples Stored for (1 year, 12 and
33 years) allowed to us count 16, 18 and 31 fatty compound, the major
compounds were oleic acid and palmitic acid. While the essential oil Analysis
by GC and GC/MS of aerial parts of the same plant Olea europea L. allowed
the identification of 38 compounds, the main compound was palmitic acid,
whereas the analysis of the essential oils of Mentha aquatica L. by GC and
GC / MS has identified 43 compound, the major compound were Linalyl
acetate (26.10%), a-pinene (22.7%), linalol (13.75%). Results of the
antibacterial activity were different, this activity depend on the oil and

concentration used.

Key words: medicinal plants, olive oil, essential oil, antibacterial activity,
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Clade : Angiospermes Sous-régne : Tracheobionta

Clade : Eudicotylédones Dicotylédones vraies™ Division : Magnoliophyta

Clade : Astéridées Classe: Magnoliopsida (Angiospermes)
Clade : Lamiidées ou Euastéridées Sous-classe : Asteridae

Ordre : Lamiales Ordre : Scrophulariales

Famille : Oleaceae Famille : Oleaceae

Genre : Olea Genre : Olea



Oﬁ)\ )w L;" 3}‘:5 -7-1-2

e 55 WY eyl ot ol IS L Jlemial o e Ogul) U e 35
¢ kil des 0S5 IS Lomgr Jgat) OST156 ¢ Jall plal 2ty 2l 2le 39 anegiy oyl A0S
Lie 05T o) ke OB ol nnY Lgmmge Jsmastl OSTI3) LTl kil 8 5ke it 2y

(2000 ¢s A SAl) ZYI o Ll S S5 0 3y eiadl da o Leld o f 3y et s
dysaid) Ailall -2-2

o dpems WL asas)l bl UL (2006) 095 Hilans (1963) Santas Quezel <3¢
Blew ol B85 SN 0SS ¢ S coldl 09 ablize dsle BV iy lae Lelel doie UL
ol B3ga2 Al 85 0SS o MOL B " e BT ST g MU bk et BL e
(53,0 585 O6ST By 3902
M 10 UL 4 e 530 V- By oSl Bed e 05 S Bpasd) Al T e
opas i U dnl e 08 Ul el Lsb aisdl S ale da musd) itz 0S5 B3l
Y sde L med e 095 Byalall 1)l Loty (osad B o &5SKae b 2aidl iasuls "o
o 0Sa ske Pl Oble dorgs ULl g il s o Bade o 3l Al Bl dorgs 05 g An)f
P e Lo 6l el ) (OB o Lagin Joah im0 0S8 el (ntemile S
A oy i i W) et ez B3l (Boitn) Jltan 0S5 ) o O g
Quezel ) 5ydy e s>ty IS (s ot dgdl o daezle LST an)l (o 256Sae Bl G0l (LE

.(1963 Santa,

10



Mentha _wer -1-2-2

a5t P Jame o Al as 5T Al B1pYI (Blae Al W (Grams Bk ik M UL

iy 31 O aal (JSad) aad gl diglace s Ol Bt () anl o S8 s
o aled @ b alin 5y 0 Arat U lake IS Rl ad jogad el d il
o @l e e Lils ¥l ede moss Eo (ELIT e e aile aslad) I e dle 0SS
M. piperita o o1 4} glsW) j2n Job ba 45 (1963 Santas Quezel) G1sY Lyl ¢ Sl
dnly b ST 3 Aol dxlss s s dly ekl s ¢lsf jan (2007 02Ty Bupesh)
o JA @ S3gmmgn ikl M g1l e sae (2006 05Ty Gracindo) 4l o1 el (3 jLasY)

«Mahmoudi ¢1998 Beloued) (s-kisdl )l (3 Jlemsw ¥ ey a9 clgzely; S LS 43U 44

(1990
Sl ol Slpfl 8 sl jon Leolans 3L £ 25 o ST Mentha e Jozi

(2008 0,7y Arumugam ¢2001 ¢ ~Ts Li) 253!
Mentha s <UL Jlesaw! -2-2-2

Bl Sl B may Be S sladl 8 I3 Mentha > glsl DU e

Bl o b ikl s e £lsil Bde DU Jomzd 3] (2001 <09~y Li 2000 <05, Ty Khanuja)
Abd EI- €2006 «05,>Ts Gracindo ¢2003 ¢03Ty Edris) 24631 ¢lsl Caliz 3 blgy eSS’
Kanatt ¢2008 09,275 Sweetie) fogs ST by s oo i ablis i (2009 (Wahab

Arumugam ¢2000 03,51y Khanuja) a¥eall ol uasind) isls 3 fenied LS (2008 05,27y

11



Qi 3a L Lgaeg (1990 Mahmoudi) dwlud! ol 2ad Lasse Liany fonind 5 (2006 05,27y
FsBY) (el (((ade) wmid) e debos (Jlbb Ladin (L 5l eiabl Sled) sl e @
€1994 cLeclerc) ) pVT couall musdl 5 oV 3 der 15T 4 Ol slas (S
09,2y Sweetie 2001 03Ty Patra ¢2004 05,27y Shirazi) o= JS° S5 (1998 Beloued
2t (3 Jemind SULAN oda any Byl 0T (1999 <Houdref ¢2007 03,215 G"omez-Prieto <2008
sl psleey hamdl lelially Oplall delio 3 Jartey WS (Dl 2l (am piad 3y plabed

e 8s,ls Lgans

Mentha aquatica <\ jLiwl -3-2-2

Jﬁ idayg ab )l gbUl 3 iy Mentha aquatica <l OB (1963 Santa s Quezel) >

" Habag el ma" sUl G psls Opn (D 3

Mentha o aeai -4-2-2
3 S OVl ae WSt ) WY S slshise b e Mentha i C‘ﬁj et
Gracindo  ¢2007 03Ty Tucker) caeslll (il I bl 1 2l SULd) sled s
Chase) (2009) APG3 Cisnal e (2006 09,215 Silva ¢2002 09,515 Gobert <2006 ¢Os,>Ts
M. LW sl Cana (1981) Cronquist A, > (2009 Reveals Chase 2009 «os,>Ts

- 3V aquatica

12



Mentha e Chends

(2009) APG3 Cinai (1981) Cronquist A. cazas
Clade : Spermatophytes Reégne : Plantae
Clade : Angiospermes Sous-régne : Tracheobionta
Clade : Eudicotylédones"Dicotylédones vraies" Embranchement : Magnoliophyta
Clade : Astéridées Classe : Magnoliopsida (Angiospermes)
Clade : Lamiidées ou Euastéridées Sous-classe : Asteridae
Ordre : Lamiales Ordre : Lamiales
Famille : Lamiaceae Famille : Lamiaceae
Genre : Mentha Genre : Mentha
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c3anal g Mentha aguatica <ld &Slsdl shmY1 o Bl @il (oMsnal Ghee U
96 0.98 Jsla 353,6 Sl il a2 il wlul oy e )l Jsadl @ colele 230 SIS

S Bl Sl loial r aide famidl 30300 3 25 LS AL Ly SV (e
Mentha J ool cuyl) vgodsnal die (2007) 09T Benayad e 3 (Mentha e s
¢ Mentha aquatica L J L3 <ol 3530 O Law % 2,33 Jsla ST 5934 e pulegium
gl 9% 0,27 5 )25 541 (2008) <0921y Mahboubi «ds ot ) i3 s ST al, )
Mentha e oo 2T gsd oolel) ol SU plaidl aodsa) e (2007) 05Ty Brada
& WY 88 & O 93,s il Oy oLl s 32l e il 593,11 0T "Mentha rotundifolia®
PYaal 01 (2009) 05Ty Karray-Bouraoui <5 Mentha pulegium § sl U ySag 393k 2l
9 0.04 (S5l Cin A 39341 OIS "diethyl-ether” &svasl) Sledlly wlolI

U sandl izl Jolsall e Wladll Sl e Sl g2 e g G Bl e 2SO Sl

(2004 <05~ Ty Lamendin ¢2004 <Rubin) _odseza¥l ddy by ldl e g oldl g w3y cpdzzall
SpH FeSI kot -2-2

Iyl Opll SlweSd) Joloudl -1-2-2

Al w22l G Wiyl SO Jlanzal 03, 02 01 Al leall JLoSIl bl
09) JSa 5(01) st & Baoe il (il LS# 30 5 18 (16 Ay s GPC-MS 2150
i8S LS U and 2SN 230010 LT (sl e 85T liald 38 5leg SO amil) 12 (115 10
(01) gl (3 a0
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. 03502 01 ) @ sl 15sSU 2anll LS 1(01) J g

03 S ool daall (%) Ll (%) 254 (%) 35
1 Benzyl alcohol C7H80O 0,01 0,01 0,09
2 Myristic acid, methyl ester C14.0 0,01 0,01 0,02
3 Palmitic acid, methyl ester C16:0 12,59 13,32 29,22
4 7-Hexadecenoic acid, methy! ester, (Z)- Cle:1[7Z] 0,06 0,06 0,04
5 Palmitoleic acid, methyl ester C16:1[97] 0,78 0,78 0,39
6 Margaric acid methyl ester C17:.0 0,09 0,08 0,31
7 Cyclopropaneoctanoic acid, 2-hexyl-, methyl ester ~ C18H3402 0,14 0,10 0,09
8 Stearic acid, methyl ester C18:0 2,61 2,67 5,57
9 Oleic acid, methyl ester C18:1[97] 75,36 75,48 48,31
10 cis-Vaccenic acid methyl ester C18:1[127] 2,13 2,10 0,87
11 Linoleic acid Methyl ester C18:2 [9Z,12Z] 5,37 4,50 -
12 Linolenic acid Methyl ester C18:3[9,12/15] 0,30 0,10 -
13 Arachidic acid methyl ester C20:0 0,29 0,30 0,65
14 11-Eicosenoic acid Methy! ester C20:1[117] 0,14 0,13 0,08
15 Behenic acid, methyl ester C22:0 0,07 0,06 0,21
16 Squalene C30H50 0,07 0,03 -
17 cis-9,10-Ethoxystearic Acid, methyl ester C19H3603 - 0,20 2,26
18 Nonanoic acid, 9-oxo-, methyl ester C10H1803 - 0,01 -
19 Nonanal C9H180 - - 0,93
20 Nonanoic acid, methyl ester C9:.0 - - 1,57
21 Octanol-1 C8H180 - - 0,27
22 Decanal C10H200 - - 0,42
23 2-Decanone C10H200 - - 0,08
24 Capric, methyl ester C10:0 - - 0,41
25 1-Nonanol C9H200 - - 0,1
26 2-Decenoic acid, methyl ester, (E)- C10:1 [2E] - - 0,08
27 Heptanedioic acid, dimethyl ester CI9H1604 - - 0,1
28 Methyl 8-oxooctanoate CI9H1603 - - 0,24
29 Suberic acid, dimethyl ester C10H1804 - - 0,77
30 Azelaic acid, dimethy! ester C11H2004 - - 1,88
31 Decanedioic acid, dimethyl ester C12H2204 - - 0,35
32 cis-11,12-Ethoxystearic Acid, methyl ester C19H3603 - - 0,41
33 Chaulmoogric acid, methyl ester , D- C19H3402 - - 1,58
34 trans-9,10-Epoxystearic Acid, methyl ester C19H3603 - - 1,16
£ gaxall 99.99% 99,94% 98,46%
Aapdial) Al (alaal £ 5a2a 15,80% 16,76% 46,18%
dagiiall e Aa ) (abaall) £ sana 84,19% 83,18%  52,28%
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b iS¢ 03 Al 3 wdntly 025 01 &l (3 gl &) Acide linolénique 5 linoléique
& 02 2.l (3 Acide cis-9, 10-ethoxystéarique s Acide 9-0xo-nonanoique : |z s> IS5
S 03 il 3 e o2 S 17 egh o LS 1S agaldl LS Fsott n %021

Loty Wb S dadl sl £ ge2 0 9610,35 i

Nonanal, Acide nonanoigque, Octanol-1, Décanal, 2-Decanone, Acide caprique, 1-Nonanol,
Acide 2-décénoique, Acide heptanedioique, Méthyle 8-oxooctanoate, acide subérique, Acide
azelaique, Acide décanedioique, Acide cis-11,12-ethoxystéarique, Acide chaulmoogrique,
acide 2-Cyclopentene-1-tridecanoique, Acide trans-9,10-epoxystéarique

s ST S b S gl Sl s (3025 01 anad) (1S OOl Ay Y
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o e anad) aaldl PR e & 3459 « 373L (%00.00 5 %04.50 «%05.37) linoléique
(%05.57 s %02.67 <%02.61) Acide stéarique s (%29.22 5 %13.32 «%12.59) Acide palmitique

NUINURE e

B39 Lk Lede gize Blle julas g & &l ) a5 b Lad 38T Lee Ll e L)
Acide ¢7.5-20.0 Acide Palmitique : » 4 Bl aasdl sl e Ol ey

Acide Linoleique <55.0-83.0 Acide Oleique «<0.5-5.0 Acide Stearique < 0.3-3.5 Palmitoleique
.<0.6 Acide Arachidique «<1.0 Acide Linolenique «3.5-21.0

Ll sl e JoeS S5 o2l Acide oleique OF (2013) 02Ty Chehab aulys mils < bl

Acide <Acide palmitique <Acide oléique Zu'o\ﬁ?\ Of 19,53 Ui (2010) O 5T Hashempour
o il in) oles 05 ) Osll cof AW aadll sl IS Acide stéarique s linoléique
Sy o Dl wddd 3 Iadrg (2013) 09Ty Shahat 9 (2011) 0915 Matthaus  &Jis™ (01,
39 sl W wlSH 38 Acide palmitique <Acide linoleique <Acide oleique Of 05z
i Acide oleique - 0S5 S Ozl oy Sl O lsdors (2003) 09,215 Gorinstein J aul)s
«(%3.5 -%1.39) - acide stearique «(%12.47 -%09.1) + Acide palmitique 4k %78.14 5 %72.28
- %0.51) v ol Ay Acide linolénique =4 9¢(%1.15-%0.49) - acide palmitoleique
63.86 -60.16) Acide oleique & (1S3s wal OF (a5 (2012 09,2 Ty Guerfel ) J e (3 Lol ¢(%0.78

.(%17.51 -14.32) Acide palmitique f (%19.84 -16) Acide linoleique s (%

Cgf Slehll e el b 2 ey e SUSI sda ady Ognll oy U il

(2012 35,75 Guerfel ) % 81.09 5 % 17.72 + darill sy daed) Zaaddl [olayl s o)l Osz)l
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7L (2005 055215 Muik) 9%86.6 5 %612.7 (2010 «o3s,2Ts Borchani ) % 74.785 % 24.90
Of Busgandl o 2dlzz bl a Ozl o) o Sl 04 ) glys <3 (2014) 09Ty Hemida 4o
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¢ 2004 O9,>19 Beltran 2003 <0919 Paz Romero) il Al sl e $UiSy Osul) oyl

.(2012 <09 19 Esmaeili

ah w3 ealsy Wylinly gl o SUSe e spially comnSVI GLA By g

¢2015 <09~y Belcadi-Haloui) @l dhomiad) Clall Lgas ¢ gnald S5l g LS7 P 3
s (3 O oy pF F LS &1 (2007 09,27y Cossignani) gzl (2011 0y Ty Dabbou
LS” Acide stéarique s Acide palmitique i axidl sl SlaV) Cnd @oly LadS axis e 51

«Acide linoléique <Acide oléique Jas arczll & aaaddl SV Cid 3 ei S5 Ly

A5 alST COlS (p727- 9 4.5) syl gl O b of (2014) 9Ty Xueqi cfu Sy
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Lo'pez-) sawS Yl Jomdb 156 T a5t Loy ) oiaze dapds i)l dadl _play1 o

mg bl oSy 354 501 0T (1999) Kanabur s Noureddini zzz! (2010 «09T5 L0"pez
Je» Acides mono-et dicarboxyliques 515 2T &Sy S el zxs anid) 1 aaid) ol
Acide .S e 32U LW oS U 518" Acide nonanoique s Acide azelaique Ofs (Cy7, Cio)
Cs-) wldly a1 a9 S aldidl 8pendll 2l S oLl o daad) OF lg,Lal LS™ coléique

Lgae alyolal) 1Sy Jelad) akes IO ISi5 5 (Cq

EIH OIS W SN OIS SO NWNUN P SAURCAR NN RCA (RN
3.5y 2-heptenal s 2,4-Decadienal Lz == & acide linoléique 545" cosal) 38T e
Ll (1992 0,7y Frankel) 2,4,7-decatrienal s 2,4-Heptadienal s = Acide linolenique

»5 S e mud Acide linolenique Sledsid 229 acide linoléique sl 2o saST

.(2005 09,7 sMuik) acide oleique oY) aa 50uST (3 ans ST sl dacis
Tl gl JleS) Jdoedl-2-2-2
Olea europea J st Cyjll JlaSY) Jekousdi-1-2-2-2

S 38 e 0Se af Ol Sl WAl S ele eyl JLeSl o) il bl
Fewy AW 0S8 52 Acide palmitique sl aa 0T Gllll o ) 0 % 94,10 5 ¢ SlasS
Z-nerolidol (9.45%), octacosane (6.32%), caryophyllene oxide (4.77%), .4k %14.71
cudl 1b LU LS tetracosane (4.06%), 4-hydroxy-4-methyl-2-Pentanone  (4.04%)
(14) JS209 (02) Jsd! (3 imign (35500, S soilly b
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Olea europea L.J adlsl el b1 ol 150 LS LS £(02) Jgeed!

a8l < gal) % Kl

1 4-hydroxy-4-methyl-2- Pentanone 4.04 852

2 q-pinene 2.76 939

3 y-pinene 1.93 980

4 Myrcene 0.91 991
5 Limonene 1.30 1031
6  2-undecanone 0.76 1293
7 y-Damascenone 1.18 1381
8  y-Damascone 1.76 1411
9 Intermedeol-neo 0.82 1665
10 2-hexyl-cinnamaldehyde-(2) 0.79 1748
11 Isopropyl tetradecanoate 3.60 1769
12 Nonadecane C19 0.41 1801
13 Phytol 2.17 1842
14 Isophytol 0.33 1947
15 Palmitic acid 14.71 1978
16  Eicosene (1) 0.45 1994
17 Caryophyllene 1.98 1424
18  Geranyl acetone 2.77 1448
19 y-lonone 2.99 1481
20  Germacrene-D 1.49 1485
21 Butylatedhydroxytolene 0.75 1505
22 Nerolidol-(2) 9.45 1564
23 Hexenyl benzoate-(32) 3.31 1575
24 Caryophyllene oxide 4,77 1589
25  Humulene epoxide Il 0.82 1617
26 g-Murrolol-epi 1.80 1649
27 g-Cadinol 0.59 1661
28  Eicosane C20 0.20 2101
29  n- Octadecanol 0.50 2119
30 Linoleic acid 1.67 2148
31  Phytol acetate 1.62 2166
32 Tricosane 3.50 2300
33  Tetracosane 4.06 2330
34 Pentacosane 1.19 2400
35 Hexacosane 2.18 2501
36  Heptacosane 1.61 2599
37 Octacosane 6.32 2651
38  Nonacosane 2.57 2799

g 3mozall 94.10%

SV i % «ndice de Kovats Kl
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Ll (LShe 21 e 06Ss &b 5 (3 Olea europea Oss) s wlo¥) oyl anlys w
«(2010 «04,~Ts Haloui) (%16.6) 2,6-Dimethyloctane s (%52.7) o-pinene : <3l bl LU
12l BV o jabsadl el cull e Sl OF o A8 (2012) <05 ,=Ts Brahmi gits Wl
oo el G W (%18.1-2.2) 3-Ethenylpyridine «(%28-16) (E)-3-hexenol o Lol 0,5
sk S oal 4 (%22.3-15.1) alcool phényléthylique of do-g A3 1581 i n adist) BVl

.(%13.2-7.4) (alcool benzylique) Benzyl alcohol

Olea europaea L. cultivar chetoui. &Y wlw¥l <ol OF (2015 <091y Brahmi) Jos

i phenylethyl alcohol  Jazy 3) (%39.5 SV awdl aJemSdl WLSH Jidy LS8 32 o 05y
Olea europaea L. var. chemchali J w1 cull (2013 05Ty Brahmi) J 5,1 2wl «%30.8
2-5 (%125) (E)-2-decenal o Lolul 05Sa oldl JU o jabundl w1 oyl ol
Nonanal ;» 055 Ll o QUi pr abseand) bl ol Ll (%7.7) ethylbenzaldehyde

.(%09.00) benzyl alcohol s (%09.6) (E)-2-decenal «(%9.9)

sde 1) pi5 &> Olea europea J aaz Cls! B (2001) 5,5Ts Campeol awl,s Cakid

EE-R- Ufy LS 41 dls= 2 SLoS B1eYl e Sabsndl 2wl ol 13,850 oLy
n-nonanal c(%13.2-12.7) «(E)-2-hexenal (%28.00-13.7) kongol «(%38.5-31.1) farnesene
01 (2003) 05,~Ts Campeol 4oy LSzl Slall @ 83525kl OLSH vl e (912.1-10.2) Ay
AL B g 358 o Adlz2 Ol 23 Olea europea B1)Y dewle ) o gl JLeSI S
E)-2-hexenal 5 (%18.2 -08) nonanal Wi «_S» 46 (1] S+ 32 -1 &5LaSIl SLSU s ol 5 3

(2012 09,275 Guerfel ) &> ails elas LUl (3 coloald S0 obial) ool 0 LSS (%23.8 -3.4)
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(E)-2-hexenal s Olea europea ;U oo (mdki e o el wlo¥) eyl (S o2l o

. 9%11.99 %9.2 ; (E,Z)-2,4-heptadienal «k; %66.1 9 %56.8 Solws oy
Mentha aquatica § (oslwl) Cyfl SlaeSdl Jolondl-2-2-2-2

43 oo 05 &l @l o A8 Mentha aguatica L wlel) eyl SLaST) Ll U
terpeneol-o. «(%13.755) linalool «(%22.7) o-pinene ¢«(%26.1) linalyl acetate <55 aJ&)

.(%3.39) geranyl butyrate s (%3.42)

Olied b1 o)l OF 3) (2006) 09Ty Esmagili ooy &) s o Ciled Bl ols

1, 8-cineole s (%11.3) viridiflorol «(%22.4) p-caryophyllene » ZJ&l LS cilS" ol ok
B-caryophyllene «(%25.7) piperitenone oxide LS wal <3l ails¥ eV oyl LT (%10.9)
Agostini o+ S sty ) Sl e Gl il ol Of LS (%10.3) 1.8-cineole s (%12.0)

.(2002) <0325 Bhat s (2009) «3s,~Ts

o) 2 3 sy 3] 1S 2 (2007) 09Ty Benayad ledke faf G dmsd SO

Mahboubi Of & % 33,03 (sslus pulégone —Sys awi O SW szl M. pulegium L;MLA!\
9% 38,0 piperitone 1oLSH e ol il LoV eyl bl 3 lad (2008) 05Ty
S 08 sl olels 39 9% 02,3 pulégone 9% 04,7 o-terpineol % 33,0 piperitenone
¢2002 cO;f’-Tj Lorenzo) Mentha pulegium <L L;wLwi!\ coll & el OS2 pulégone
Vian ) 42 S ﬁf s carvone ol Mentha spicata Y ol Ll (2005 03,27y Ouraini
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«0s,>Ts Chauhan ¢2009 <0s,>Ts El Hassani ¢2000 <09Ts Hadjiakhoondi ¢2008 <0g,>Ts
Gulluce) —~> Mentha longifolia «—L & S, ("‘J 0l piperitenone oxide Wi (2006

(2007 «09,~T

e ﬁb g S L Sy dpell UL e il el sl & ozl azy Ll o

(1979 «Belaiche ¢1999 Bruneton) oty cyl laim g Loy sae LIS polul el (o522

SASAG aal STl B 0SS W o) WU adler LS o O Gl L p o) id S

dibaie 3 gen o QL) p ol ki Lemzy @) G e Gl L il 3 sen ) ol Lty )
shly (o) Jaab peaidd (o) BA) o il ailay sy L g gl ek OF (6 (o]
ST ol3 Gl gl edd Bl gl 055 OF S LelST g ol adin o ((fomzd) LI
Chauhan ) &l @l 2aSh aeg 31 30 Sl Lad OF LS7((2004 05~ Ts Lamendin) il

(2009 <0 4T
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Mentha aquatica J lw¥! eyl 1S 2L LS 1(03) Jguad)

o35 LSl % RT
1 a-Thujene 0,137 9,981
2 o- Pinene 22,708 10,263
3 Fenchene 0,115 10,775
4 Camphene 0,084 11,671
5 Sabinene 1,096 11,730
6 B- Pinene 0,636 11,830
7 Myrcene 2,235 12,277
8 Delta-3-Carene 0,410 12,919
9 a-Terpinene 0,111 13,219
10 Para-cymene 0,109 13,492
11 Limonene 0,673 13,641
12 Eucalyptol 2,851 13,758
13 Z- B- Ocimene 1,593 13,884
14 E- B- Ocimene 1,230 14,234
15 Gamma Terpinene 0,624 14,620
16 Terpinolene 1,591 15,504
17 Linalol 13,755 16,025
18 a-Terpinolene 0,453 16,092
19 1-Terpineol 0,188 16,958
20 Terpinene-4-ol 0,296 18,488
21 a-Terpeneol 3,429 18,928
22 Trans-geraniol 0,559 19,744
23 Pulégone 1,835 20,166
24 Acétate de linalyle 26,109 20,473
25 Acétate de lavandulyle 0,970 21,366
26 Geranyl octanoate 1,634 23,354
27 Gerany| butyrate 3,390 23,862
28 Mentha-1,4,8-triene 0,626 24,056
29 Elemene<BETA-> 0,170 24,190
30 - Caryophyllene 1,263 24,973
31 Trans-b —Farnesene 0,254 25,705
32 o- Humulene 0,132 25,846
33 Germacrene-D 0,984 26,455
34 - Cadinene 0,177 27,295
35 Elemol 3,003 28,004
36 Gamma-cadinene 0,119 28,664
37 Epi-globulolemophilene 0,368 29,084
38 o-Selinene 0,223 29,891
39 Eudesmol 0,699 30,412
40 Abietatriene 0,154 38,289
41 Sandra copimarinal 0,259 40,598
42 Zierene 0,346 41,068
43 Ferruginol 0,146 42,867

Cﬁ"""j‘ 97,764%

SV il % (LY ede IRT
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Gy 1 Olal) Eiea SN —a el Jailasidl -3-2
3 a8 Slaall aedl 52V oda 3 B2l d)) Sleal) ded) B Clu> wis L)
Zea)l (3 (°20 oL /3°20) 0.001% 0.916 oY) &)l (3 (2°20 sls /2°20) 0.005 +0.912 4 s

ISadl 5(04) Jsid) 3 g 58S 5l s W 2 all 3 (2°20 oL /5°20) 0.005 £0.993 5 &L

.(16)
Sl 3 anal) il plall s (3 sl o ol Bl B (3 8Ly of Lyl
RPNty
1,2
1

0,8
0,6
0,4 -
0,2
o - : .
H1 H2 H3

(720 & W /o 20) 03502 €01 lual) sl BLSTI 5(16) K1

U 2edlly 191 LW Zeadl 2ed SIST3) (Y e e Bil2 OV Sl et (3
B mad) o5y o (3 It s ((17) K2 ((04) o3y Jgad (279 5 445 03 dxall dad L 104
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184 snad) 55s (s 20 35U/ ¢ 20) 0,910 - 0,016 WU 15 o3 My dessdll 3L A1 SU s>

LaSopdl iss (% acide oléique) 0,3 - 1 % s+ o5t 350 « (Mg KOH/g d’huile) - 196
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184 o ovad) o8 (915 76 o 35l 550 b cmeq O2Kg™ 125 07 (o AewnSopd) o ¢ 0.7250.22
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- - - 25.83+0.76 Staphylococcus aureus ATCC 25923
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- - - 22.50+0.50 Pseudomonas aeruginosa ATCC27853
20.05+0.42 | 18.85+0.54 - 20.33+0.57 Citrobacter freundii ATCC 8090
- - - 12.16+0.28 Schigella sonnei
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%050 %20 %10 GM iy YL
- - - 25.83+0.76 Staphylococcus aureus ATCC 25923
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85



60-
[ 20%

B S0%
EE 100%
=h
T T
- - -

S. aureus E.coli  P.aeruginosa C.freundii S.sonnei K. pneumoniae

(E. coli ATCC 25922 « . aureus ATCC25923 ¥l Je Mentha aguatica L. J L) ol 5T 1(29) JS&d0
K. pneumoniae ATCC 700603, S. sonnei <C. freundii ATCC 8090 «P. aeruginosa ATCC 27853

SD * ol)S5 3 = il o3

1AL S, aureus ATCC25923 #bli 1> Mentha aguatica J 31 ol 5 1(30) JSCad
%100 %50 <%20

86



)j-:»wb iolk -lﬂ-gnxj\ Jla LSL; T ji }{}E Y‘: (8.>bl ji .19_3425) Qﬁ}“ jgj.? 3\.39}) J\g.l; J}-T o
Wl dmys > (3 L;;’-;Y\ P UV oda ot gdae Ble 4l g_.)).,ji Q3 Lo ( doiins
Ol o IS 8T OF g Ms s bW 92 S pite Bl IS sl 24-18 3uk 2037

gyl 2 SV 6 3T 0l Ol

SV 58 e (e als) 2l o131y "DMSO" Jesnll il Gl jlamt gb

gyl 2 S P15 e o ol Wb 20 s AbLis (6T 39y puke gl 2,0

iblaal) anlys (3 d>y 31 (2007) De Billerberck leds oot &l b o dmad) oda (il
S. Aureus; P. Aeruginosa cxddudl Lo (i Oy M. piperita @;U gwui!\ ol 2 s

s e e 405 (L0 (g3l et Uit of

(et Sots) ool eyt ablad aalys die g0 s Lo (2006) 09,~Ty Saeed fad

eV el Lo a8 OUSTS) ¢al 3V AR b Sastns (2 VB Sue s M. piperita ¢ s
Lo ¢ ol gl daglin 5T pall L) LSO OF ) WS™ (o a13 (g5l E.COlT 2L
of M. pulegium g5 gwuil\ ol 4l i ablad) (2008) O3, Ts Mahboubi awlys < ghsl
AT Ll aamll SV Of ) el ge mlol eyl s ol 2wl F a5 | E.L coli D)

VLS PAFIREIRY] el bl YL Ly (gl absaad) b

M. Pulegium cresdl o 3 wled ol 2bLas o (2009) 09,2 TsHajlaoui awlys < bl
S. aureus ATCC 259235 P. aeruginosa ATCC 27853 Jz <YM sue A> M. longifolia s

claw glly Bl Gy gl 5 eSS

87



Sl 0L S SV e Je 2wl ol ST 3k (2004) Burt o
Sy Ciln alag U LS Lt e Jo Salsdll gl 3 0Ll 8y Rege Bl PO AN

Y (3 Alpiey dalaie 48 s ) awdl e gk LS oSS

o oUsSe e g5 Bl ol a0 Ul Cod) al 4B (1979) Belaiche U
ccarvone :=UgSd) ceugénol feoVsud) cgéraniol fo¥e=Sd) Jis 4K s sl e dgsd)

...pinéne limonéne .terpinéne : e Sl dly wlaws Yy citral feoluasdY) thuyone

(01 ax2)1) Olea euroupea smi U oo alied) Osnll ol 3, A bl i
Staphylococcus aureus YNl ko Ol ki o Blsd) sl V) e el Wl ol

Pseudomonas aeruginosa ATCC 27853:¢Escherichia coli ATCC 25922 <ATCC 25923
E. coli dMaJb calaazud) a ) ALl 557 o> aulas Citrobacter freundii ATCC 8090

S. aureus ATCC oM D™ ol b eyl Cnnl ol auli deglin 51S° ATCC 25922
eyl o4 sl Jo (1408)5 (+L409) iiss iwlo~ P. aeruginosa ATCC 27853 5 25923
iaglis 58 Leiw (32 31) Sl S e o2 LS %20 S (3 dedaies %50 S G L;MLM‘Y\

013, Ll =y

88



Bl 50%

(01 dxalt) caldh ol O. europea J ¥t .yl

S. aureus s Olea europea «Ld (01 axall) <ol coflly bl ool 5U1(31) JSad
ATCC 25923

SD+ o) S5 3= il o3

104 e 20%
8- B 50%

0 T T 1
(01 Lualty ot < 0. europea 1 AN <y

P. aeruginosa _Je Olea europea <\ (01 aall) ol colly bl ol 3G 2(32) S
ATCC27853
SD+ oS53 = @il o3

89



dag (01 ) Osufl) g olL) dlawgze Ll C. freundii ATCC 8090 ML oul LS
08 = 01 &all ot ylly byl 15U Lo b3 405 3] Olea europea _wloV) <ol ol

(33) U2 9050 557 (3 Ul e oo 20.05 5 oke 09 2 %620 ;S (3 ke 18.85 5 oo

23 0%

1
: o

.

(01 ixalt) Culdt oyl O. europea J slw¥1 Cy!

= Olea euroupea <L (01 axall) ol cyglly owlo¥) el 155 1(33) SRt
C. freundii ATCC 8090

SD + )53 = il o3

<2y (03 02 «01) [0sll sl Sl 1S Ao Abladl @l gl gl de e

C. freundii ATCC &bl ¢Sl VS Calzsd Lozl jlasl (3 ULl ML aquatica J wlwY)
M. aquatical o+lw¥ cufll old Lawlom o ST O Osaill g Slie old dule 231578090
1.08 +£38.76 5 ol 1.9636.59 ¢ps 0.42 £20.05 L) Uil 5873 ((34) el 3 e 32 LS

il 9620 S G oo 2.09£27.609 ks 0.79 £20.12 (ks 0.54218.855 %50 A G oo

90



ke 04521297 (sols Lol il =3lS"M. aquatica J b Wl ¢ i) Je 03,02 01 olial

- 7k %205 %50 557 (3 +ls 0.4311.44

sl [ 1 %20
I %50

%3 of

m-

10 -

i

H3 M. aquatica

e (02:03 <01 =lalt) =iy Mentha aquatica Y1 eyl x5 1(34) JSCad
C. freundii ATCC 8090 adL.)
SD + wl)S53 = ) o3
M. aquatica J oLVl cull o) ddnis Lzl 3G E. coli ATCC 25922 4l Wl
IS (LIl s 9650 <9620 o S5 3 e 0.32£12.235 0.45208.96 + Lo el )5 3|

0.70£10.29 5 +ke1.06+08.15 Lo jUasl 0gnll coj 10 03 o3, Bl ol Ll Bhns Lzl

Sl <029 01 ces)) Cpmeald dzeglin wslS S (2liST Sl e %50 %020 (S 3 ks

(35)

91



15 5

o %
B %0
10 -
5 <
0

H1 H2 H3 M. aquatica

E. coli ATCC 25922 s (03:02 (01 = liall) <yjs Mentha aquaticagwuiﬂ eyl 5 :(35) Jﬁ-ﬁ‘
SD + oS53 = wildl o8

2 B 03 o3 dnally L;WLA!\ i) o) il @ gl Schigella sonnei WSLLJ) Layst
01 camenld daglin il LS (0 %505 %20 (S & oke 0.80 £00.73 5 oLs 0.31 £10.22

(35) Sl 3 e 2 ST 025

[ %20
20 ] %50

E' f 1 LI
H1 H2 H3 M. aquatica

Schigella sonnei le (03:02 (01 i) &ujs Mentha aquatica_q+s¥! <ol £ :(36) JS&I
SD + oS53 = wildl o8

92



Klebsiella pneumoniae #Ml o> Camz 566 M. aquaticad LYV ol 08 e &
oSe 20 S (3 pdanes %50 S 3 wke 0.4 £ 09.67 (sslew Laes ki ATCC700603
KA (3 mose 9n LS 2SO AL o s 5T T U G 8 035 01602 2zl ol

.(36)

[ w0
- %50

10

u L L] L] L]
H1 H2 H3 M. aquatica

e (0302 <01 i) iy Mentha aquatica L1 ol b :(37) JK&
Klebsiella pneumoniae ATCC700603

SD iob\).{»“?::@fbﬂ\ré

dwlesg 029 01 cnwn)l uy 4eslas Staphylococcus aureus ATCC 25923 )l wils”
il (le1.29+18.68 5 vlo 0.65210.10 Lo ;Ussl M. aquatica J le¥! cuflly 03 2l ol4
Sl (3 Ao g i) 650 1S (3 5l ohe 0.53%26.24 5 o Le 0.49425.67 5 %20 :SHI

LY ALl B ey Lagan e Ol liss Y el s (37) 5

93



] %20
I %50

18

H1 H2 H3 M. aquatica

(03¢02 <01 luall) yjs Mentha aquatica L1 oyl 15 :(38) JSK&

Staphylococcus aureus ATCC 25923 s

-

94




Sdalall doeed)

ol Sl (3 Bleasal Gl L) wlabsadl ey Jo Gl ] 2uldll sds G2
AL 39 8 el Il Bl (et Ussis gl i) e sezald

e Sl et sl Bl Ol o B el Sleel] JeSU L) Bles come
) el Ll €06 84.19 I dxvie 18 Aan> CS5e 08 5% 15.81 i dxiwe Lgis 8 Lans L~ 16
O OLSss Lgie 9% 16.76 i dnniie Lgio 10 Lans LS 18 Lo (sof ilSS aiw 12 5l wpll
3L Wyl 2l 2all T ¢ 06 83.18 o Aanie p Aaas plal 8y LoV ) (& el | Ol
bedos Lans Lo 225 9 52.28 J5 dneioe 1é Lgis 08 cLins Lo~ 30 oo 058 BTty Lils 33

eVl Al 3 sela 1 I Lans Lo 14 e % 46.35 i

Olea europea Ul wid adlsd) el o alsadl wlol) cyfld SlaeS) o) o b

iy (acide palmitique) acide Hexadecanoique 0lS" LIl jziall Wi LSe 38 5959 oo L.
el éw\ A3 @) ey gl sl eds 19609.45 iy Nerolidol-(Z) ¢ % 14.71
i B el Y e alsend) WL gl Olea europea L. s U p alsand) ol
LT (LSe 43 350y e (iiS Ai Mentha aquatica ¢ sl ol V1 ol SLeSdl ol WL oLl

% 13,75 linalol % 22,7 a-pinene % 26,10 linalyl acetate <3S ) LS\

Osl oyy o0 03 o3 Hin) OF > amll ol odd 1S as abladdl Z s e

Beomally ALl gy al) 2, SVSL) il s ale 15T Wb OIS M. aguatica S LY oyl
«E. coli ATCC 25922 5 freundii ATCC 8090 «Staphylococcus aureus ATCC 25923 Jio ol 2l
o) Ll (o) slall ablas o Jabl sale Lt oSl (ol 2l 370U Schigella sonnei

95



YL Gl wo dedally damiall Gy gl 5 Bglae A bLS J.Q_ET Az Olea europea wu‘y\

SN Sl B le ablas Y 0173 ()

o dilaie (3 all 45LA) @j;‘w sl e dbslas S L aa Sl sda el O]

e AfleaSd) DU By Lomgdsny Lomslsdype DMV Bgne a5LA pIgY1 OF ST ( JSS7 15,
Al e @) el SUL sds Sl Gb cliSy Sl 2Ll O lally e drles ) and)
S ods dul)ly g L drganl wlblisy Ll Al (3 S5 Lepby fulsall ods (Lgndlad S

ULW\ djb >0 L@.:ﬁ Ssz-j.U dlau\ >

96



:8‘,‘)3‘

lgols> le.c— Lyl agdll UL C\)}:M\ ﬁb .(2002) M\ L g cg_;& C\J..o é\..p Sg00us -
ey U Ao odal) o Balae ) il Sl ad) s LS

A0l s L aradly 2l Lo oSS 0l Sy Ol L(2000) e W e SSAlI=
Olas ayieilly

15 (W) andall p3laadl (e (2004) Ygy @B Joor dores ¢ Bl ol ¢ OLud Gyl -
03,V = Oles— ayjedly p2ald ) )

caslgl DA b Al iy S3lawy b bl (3 3kl SUL (2007) (dkas ds -

Analor —palall A" cpalall olyxSD dmg b1 LOUl) §LLS gl Frgle ) Abladly SLaSUl SR

"1995"" & el &gall—

- Abd EI- Wahab M. A. (2009). Evaluation of Spearmint (Mentha Spicata L,) Productivity
Grown in Different Locations under Upper Egypt Conditions. Research Journal of
Agriculture and Biological Sciences, 5(3): 250-254,

- Adam M., Dobiés P., Pavlikova P., Ventura K. (2009). Comparison of solid-phase and
single-drop microextractions for headspace analysis of herbal essential oils. Cent, Eur,
J, Chem, 7(3) : 303-311,

- Agoramoorthy G., Chandrasekaran M., Venkatesalu V. and Hsu M.J. (2007).
Antibacterial and antifungalactivities of fattyacidmethyl esters of the blind-your-eye

mangrove fromindia. Brazilian Journal of Microbiology, , 38:739-742.

97



- Agostini F., Santos A.C.A.d., Rossato M., Pansera M.R., Santos P.L.d., Serafini A.,
Molon R., Moyna P. (2009). Essential oil yield and composition of Lamiaceae species
growing in southern Brazil. Braz. Arch. oil. Technol; vol.52 no.2 :473-478.

- Ali-Delille L. (2013). Les plantes médicinales d’Algérie. 3 ™ éd., BERTI Edition . p8,183.

- Alitonou G., Avlessi F., Wotto V. D., Ahoussi E., Dangou J., Sohounhloué D. C.K.
(2004). Composition chimique propriétés antimicrobiennes et activité sur les tiques de I’
huile essentielle d’Eucalyptus tereticornis. Sm. C, R, Chimie, 7, 1051-1055,

- Amarti F., Satrani B., Aafi M., Ghanmi A., Farah A., Abechane M., El ajjouri M., El
Antry S., Chaouch A. (2008). Composition chimique et activité antimicrobienne des

huiles essentielles de Thymus bleicherianus du moroc, phytothérapie, 6, 342-347.

- Ammar S., Zribi A., Ben Mansour A., Ayadi M., Abdelhedi R. and Bouaziz M. (2014).
Effect of Processing Systems on the Quality and Stability of Chemlali Olive Oils.
Journal of Oleo Science, 63(4) : 311-323.

- Apfelbaum M., Romon M., Dubus M. (2004). Diététique et nutrition. 6° édition., Masson,
Paris. Pp 535.

- Arumugam P., Gayatri Priya N., Subathra M., Ramesh A. (2008). Anti-inflammatory
activity of four solvent fractions of ethanol extract of Mentha spicata L, investigated on
acute and chronic inflammation induced rats. Environmental Toxicology and
Pharmacology, 26, 92-95.

- Arumugam P., Ramamurthy P., Sathiyavedu T.S. and Ramesh A. (2006). Antioxidant
activity measured in different solvent fractions obtained from Mentha spicata Linn,: An

analysis by ABTS.+ decolorization assay, Asia Pac J Clin Nutr, 11, 119-124,

- Bakkali F., Averbeck S., Averbeck D., Idaomar M. (2008). Biological effects of essential
oils, - Review- Food and Chemical Toxicology, 46, 446-475.

- Belaiche P. (1979). Traité de phytothérapie et d’aromathérapie, Tome 1, L aromatogramme
,ed, Maloine.

- Belcadi-Haloui R., Zekhnini A., El Hadek M., Hatimi A. (2015). Effect of Light and
Oxygen on Argan Oil Stability during a Long-Term Storage. International Journal of

Innovative Research in Science, Engineering and Technology , 4(2): 8-14.

98



- Belhattab R. (2005). Composition chimique et propriétes antioxydantes, antifongiques et
antiaflatoxinogenes d extrais de Origanum glandulosum Desf, et Marrubium vulgare
L,(famille des Lamiaceae),thése de doctorat d etat, Département de biologie, Faculté
des sciences, UFA de Sétif.

- Beloued A. (1998). Les plantes médicinales d Algérie,Ed, O,P,U, Alger, p136,

Beltran G., Rio C.D., Sanchez S., Martinez L. (2004).Influence of harvest data and
cropyield on fattyacid composition of virgin olive oilsfromcv. Picual. J, agric.
Foodchem. 52: 3434-3440.

Benayad N., Mosaddak M., Hakiki A. (22 Juin 2007). Evaluation Chimique et Insecticide
de I’huile essentielle de Mentha pulégium, Journée Scientifique « Ressources Naturelles
et Antibiothérapie», Faculté des Sciences — Kenitra.

Bencheikh H. (2005). Contribution a I’étude de la composition, de [I’activité
antimicrobienne et de la cytotoxicité des huiles essentielles de Thymus fontanesii et de
Foeniculum vulgare. Mémoire de Magistére, Département de biologie, Faculté des
sciences, UFA de Sétif.

Bhat S., Maheshwari P., Kumar S. and Kumar A. (2002). Mentha species: In vitro
Regeneration and Genetic Transformation. Molecular Biology Today; 3(1): 11-23.

- Borchani C., Besbes S., Blecker Ch., and Attia H. (2010). Chemical Characteristics and
Oxidative Stability of Sesame Seed, Sesame Paste, and Olive Oils. J. Agr. Sci. Tech.,
Vol. 12, 585-596.

- Boskou D.. (2006). Olive Oil Chemistry and Technology. 2" Edition, Library of Congress
Cataloging-in-Publication Data, pp253.

- Bouaoun D., Hilan C., Garabeth F., Sfeir R. (2007). Etude de | activité antimicrobienne
de huile essentielle d une plante sauvage Prangos asperula Boiss. Phytothérapie, 5,
129-134.

- Boulfane S., Maata N., Anouar A. et Hilali S. (2015). Caractérisation physicochimique
des huiles d’olive produites dans les huileries traditionnelles de la région de la Chaouia-
Maroc. Journal of Applied Biosciences, 87, 8022— 8029

- Brada M., Mouhamed B., Michel M., Annabelle C., Georges L. (2007). Variabilité de la
composition chimique des hiules essentielles de Mentha rotundifolia du nord dalgérie.
Biotechnol, Agron, Soc, 11(1) : 3-7.

99



- Brahmi F., Flamini G., Dhibi M., Mastouri M. and Hammami M. (2013).
Composition and Antioxidant and Antimicrobial Activity of the Volatile Oils from Olea
europaea L. Fruit and Stem. American Journal of Drug Discovery and Development, 3:
235-244.

-Brahmi F., Flamini G., Issaoui M., Dhibi M., Dabbou S., Mastouri M. et Hammami M.
(2012). Chemical composition and biological activities of volatile fractions from three
Tunisian cultivars of olive leaves. Med Chem Res, 21 : 2863-2872.

- Brahmi F., Flamini G., Mechri B., Dhibi M. and Hammami M. (2015). Antioxidant
Activity of the Leaf Volatile Oil and Extracts of Olea europaea L.cv. Chetoui from
Northern Tunisia. J Food Nutr Disor, 4:3, 1-5.

- Bruneton J. (1999). Pharmacognosie, phytochimie, plantes médicinales. 3°™ édition, . TEC
et DOC, Paris.

- Bupesh G., Amutha C., Nandagopal S., Ganeshkumar A., Sureshkumar P., Saravana
Murali K. (2007). Antibacterial activity of Mentha piperita L. (peppermint) from leaf
extracts — a medicinal plant, Acta agriculturae Slovenica, 89 (1): 73 -79.

- Burt S. (2004). Essential oils : their antibacterial properties and potential application in
foods-a review. International journal of food microbiology, 94, 223-253.

- Campeol E., Flamini G., Chericoni S., and Catalano S. (2001). Volatile Compounds
from Three Cultivars of Olea europaea from Italy. J. Agric. Food Chem., 49, 5409-
5411.

- Campeol E., Flamini G., Luigi Cioni P., and Morelli 1. (2003). Volatile Fractions from
Three Cultivars of Olea europaea L. Collected in Two Different Seasons. J. Agric.
Food Chem., 51, 1994-1999.

- Cantino P.D., Olmstead R.G., Wagstaff S.J. (1997). A comparison of phylogenetic
nomenclature with the current system: a botanical case study. Syst Biol, 46(2) : 313-
331.

- Chase M. W. and Reveal J. L. (2009). A phylogenetic classification of the land plants to
accompany APG III. Botanical Journal of the Linnean Society, vol.161, 122-127.

- Chase M. W. and The angiosperm phylogeny group (2009). An update of the Angiosperm
Phylogeny Group classification for the orders and families of flowering plants: APG IlI.

Botanical Journal of the Linnean Society, vol.161: 105-121.
100



- Chauhan R.S., Kaul M.K., Shahi A.K., Kumar A., Ram G., Tawa A. (2009). Chemical
composition of essential oils in Mentha spicata L. Accession [I11M(J)26] from North-
West Himalayan region, India. Industrial crops and products, 2 9, 654—656.

- Chehab H., Issaoui M., Flamini G., Mechri B., Attia F., Luigi C. P., Boujnah D. And
Hammami M. (2013). Oil quality and aroma composition of ‘Chemlali’ olive trees
(Olea europaea L.) under three irrigation regimes. African Journal of Agricultural
Research, Vol. 8(48), pp. 6291-6299.

- Cossignani L., Luneia R., Damiani P., Simonetti M. S., Riccieri R., Tiscornia E. (2007).
Analysis of isomeric diacylglycerolic classes to evaluate the quality of olive oil in

relation to storage conditions. Eur Food Res Technol., 224: 379-383.

- Crété P., (1965). Précis de botanique. Tome 2 Systématique des angiospermes, 2 *™ édition,
Masson et C*. P 323-324.

- Cronquist A. (1981). An integrated systemof classi.cation of owering plants. Columbia

Univ. Press, New York.

- Da Porto C., Decorti D. (2009). Ultrasound-assisted extraction coupled with under vacuum
distillation of oil i compounds from spearmint (carvone-rich) plants: Comparison
with conventional hydrodistillation. Ultrasonics Sonochemistry, 16, 795-799.

- Dabbou S., Gharbi 1., Dabbou S., Brahmi F., Nakbi A. and Hammami M. (2011).
Impact of packaging material and storage time on olive oil quality. African Journal of
Biotechnology Vol. 10(74): 16937-16947.

- De Billerberck V,G, (2007)- Huiles essentielles et bactéries résistantes aux antibiotiques,

Phytothérapie, 5, 249-253.

- Del Caro A., Vacca V., Poiana M., Fenu P., Piga A. (2005). Influence of technology,
storage and exposure on components of extra virgin olive oil (Bosana cv) from whole
and de-stoned fruits. Food Chemistry, 98, 311-316.

- Denis Doré Ph. D. (1994). Biochimie Clinique. Maloine,Paris, France. Pp878.

- Desjobert J.M., Bianchini A., Tommy P., Costa J. et Bernardini A.F. (1997). Etude
d’huiles essentielles par couplage chromatographie en phase gazeuse/ spectrométrie de
masse, Application a la valorisation des plantes de la flore Corse. Analysis, 25(6) : 13-
16.

101



- Duraffourd C., D’Hervicourt L., Lapraz J.C. (1990). Cahier de phytothérapie clinique
2e’me

examen de laboratoire galénique, élément thérapeutiques synergiques. Tome 1,

oil ic, Masson, Paris.

- Duverge J. (2009). La pharmacie végétale a I’'usage des particuliers.1* éd., Pein des sens,

p 3.

- Edris A.E., Shalaby A.S., Fadel H.M., Abdel-Wahab M.A. (2003). Evaluation of a
chemotype of spearmint (Mentha spicata L,) grown in Siwa Oasis. Egypt. Eur Food Res
Technol, 218, 74-78.

- El Hassani F.Z., Zinedine A., Bendriss Amraoui M., Errachidi F., Mdaghri Alaoui S.,
Aissam H., Merzouki M., Benlemlih M. (2009. Characterization of the harmful effect
of olive mill wastewater on spearmint. Journal of Hazardous Materials, 170, 779-785.

- Elgaj M, Ahami A, et Belghyti D. (2007). La phytothérapie comme alternative a la
résistance des parasites intestinaux aux antiparasitaires .Journée scientifique ressources

naturelles et antibiotiques. Maroc.

- Esmaeili A, Rustaiyan A, Masoudi S, Nadji K. (2006). Composition of the essential oils
of Mentha oil ic L. and Nepeta meyeri Benth. From Iran. Journal of Essential oil
Research: JEOR; 18(3): 263-265.

- Esmaeili A., Shaykhmoradi F. and Naseri R. (2012). Comparison of oil content and fatty
acid composition of native olive genotypes in different region of Liam, Iran. Intl J Agri
Crop Sci. Vol.,, 4 (8), 434-438.

- Ferhat R., Larouil S., Zitouni B., Lekbir A., Abdeddaim M., Smaili N. and
Mohammedi Y. (2014). Experimental study of solid waste olive’s mill: Extraction
modes optimization and physicochemical characterization. J. Nat. Prod. Plant Resour.,
4 (2):16-23.

- Flavia P., Zorica V. and Delia B. (2014). Effects of temperature and storage time on the
quality of alimentary animal fats. International Food Research Journal 21(4): 1507-
1514,

- Frankel, E.N., Selke, E., Neff, W.E., Miyashita, K. (1992). Autoxidation of
polyunsaturated triacylglycerols. 1V. Volatile decomposition products from
triacylglycerols containing linoleate and linolenate. Lipids, 27 (6): 442-446.

102



- French L.G., (2002). Isolation of I-(+)-Pulegone from the European Pennyroyal Mint.
Mentha Pulegium. Chem. Educator, 7, 270-277.

- G'omez-Prieto M.S., Ruiz del C.M.L., Flores G., Santa-Maria G., Gracia P.B. (2007).
Application of Chrastil’s model to the extraction in SC-CO2 of -carotene and lutein in
Mentha spicata L.. J, of Supercritical Fluids, 43, 32-36.

- Gallardo-Guerrero L., Gandul-Rojas B., Roca M., and M? Minguez-Mosquera |.
(2005). Effect of Storage on the Original Pigment Profile of Spanish Virgin Olive Oil.
JAQOCS, Vol.82(1), 33-39.

- Gambacorta G., Del Nobile M.A., Tamagnone P., Leonardi M., Faccia M. and Lanotte
E. (2004). Shelf-life of extra virgin olive oil stored in packages with different oxygen
barrier properties. Ital. J.Food Sci., n. 4 vol. 16, 417- 428.

- Gharbi 1., Issaoui M., Mehri S., Cheraief 1., Sifil S., Hammami M. (2015). Agronomic
and Technological Factors Affecting Tunisian Olive Oil Quality. Agricultural Sciences,
6, 513-526.

- Gobert V., Moja S., Colson M., and Taberlet P. (2002). Hybridization in the section
Mentha (Lamiaceae) inferred from AFLP MARKERS. American Journal of Botany,
89(12) : 2017-2023.

- Gorenflot R. (1994). Biologie végétale plantes supérieures 1, appareil végétatif, 4° édition, .

Masson , Paris.

- Gorinstein S., Martin-Belloso O., Katrich E., Lojek A., C*1'z" M., Gligelmo-Miguel N.,
Haruenkit R.,.Park Y., Jung S., Trakhtenberg S. (2003). Comparison of the contents
of the main biochemical compounds and the antioxidant activity of some Spanish olive
oils as determined by four different radical scavenging tests. Journal of Nutritional
Biochemistry, 14, 154-159.

- Gracindo L. A. M. B., Grisi M.C.M., Silva D.B., Alves R.B. N., Bizzo H.R., Vieira R.F.
(2006). Chemical characterization of mint (Mentha spp,) germplasm at Federal District,
Brazil. Rev, Bras, Pl, Med,, Botucatu, 8, 5-9.

- Guerfel M., Mansour M.B., Ouni Y., Guido F., Boujnah D. and Zarrouk M. (2012).
Chemical composition of virgin olive oils from the Chemlali cultivar with regard to the

method of the olive tree propagation. Grasas y aceites, 63 (3), 290-295.

103



- Guignard J .L, Cosson L, et Henry M. (1985). Abrégé de phytothochimie .Edition
Masson Paris, pp : 155-174.

- Guignard J .L. Cosson L. et Henry M. (1985). Abrégé de phytothochimie. Masson Paris,
pp 155-174.

- Gulluce M., Sahin F., Sokmen M., Ozer H., Daferera D., Sokmen A., Polissiou M.,
Adiguzel A., Ozkan H. (2007). Antimicrobial and antioxidant properties of the
essential oils and methanol extract from Mentha longifolia L. ssp. Longifolia. Food
Chemistry, 103, 1449-1456.

- H Hemida M., AE Ibrahim A., M Al-Bahnsawy R., R Al-Shathly M. (2014). Influence
of Environmental factors on Olive Oil Production and Quality in the Northern Region of
Kingdom of Saudi Arabia. Journal of American Science, 10(1), 61-66.

- Hadjiakhoondi A., Aghel N., Zamanizadeh-Nadgar N. and Vatandoost H. (2000).
Chemical and biological study of Mentha spicata L. essential oil from Iran. Daru,
8(01):19-21.

- Hajlaoui H., Trabelsi N., Noumi N., Snoussi M., Fallah H., Ksouri R., Bakhrouf A.
(2009)- Biological activities of the essential oils and methanol extract of tow cultivated
mint species (Mentha longifolia and Mentha pulegium) used in the Tunisian folkloric
medicine. World J Microbiol Biotechnol, 25, 2227-2238.

- Haloui E., Zohra M., Belsem M., Ibtissem B., Abderrahman B. and Nadia F. (2010).
Pharmacological activities and chemical composition of the Olea europaea L. leaf
essential oils from Tunisia. Journal of Food, Agriculture & Environment, 8(2), 204 —
208.

- Hashempour A., Ghazvini R. F., Bakhshi D., Sanam S.A. (2010). Fattyacids composition
and pigments changing of virgin olive oil (Olea europea L.) in five cultivars grown in

Iran. Australian Journal of Crop Science, 4(4):258-263.

- Hilan C., Sfeir R., Jawish D. et Aitour S. (2006). Huiles essentiélles de certaines plantes
médicinales Libanaises de le famille des lamiaceae, Lebanese Science Journal, 7 ( 2) :
13-22.

- Hseini S., Kahouadji A., Lahssissene H. et Tijane M. ( 2007). Analyses floristique et
ethnobotanique des plantes vasculaires médicinales utilisées dans la région de Rabat
(Maroc occidental). LAZAROA, 28, 93-100.

104



Hussain A., Igbal A.Q., Rabia L., Saeed A., Irum A., lkram U., Zabta K.S. (2014).
Antimicrobial potential of leaf and fruit extracts and oil of wild and cultivated edible
olive. Pak. J. Bot., 46(4), 1463 — 1468

Iserin P. (2001). Encyclopédie des plantes médicinales.2eme éd. Larousse, Londres.

Kahraman A., Celep F. and Dogan M. (2009). Morphology, Anatomy and Palynology of
Salvia indica L, (Labiatae). World Applied Sciences Journal, 6 (2) : 289-296.

Kaloustian J., Chevalier J., Martino C., Abou L., Vergnes M.F. (2008). Etude de six
huiles essentielles : composition chimique et activité antibactérienne. Phytothérapie, 6,
160-164.

Kanatt R., Sweetie R., Ramesh C., Arun S. (2008). Chitosan and mint mixture: A new
preservative for meat and meat products, Food Chemistry, 107, 845-852.

- Karray-Bouraoui N., Rabhi M., Neffati M., Baldan B., Ranieri A., Brahim M., Lachaél

M., Smaoui A. (2009). Salt effect on yield and composition of shoot essential oil and
trichome morphology and density on leaves of Mentha pulegium. Industrial Crops and
Products, 30, 338-343.

Keskin D., Ceyhan N., Ugur A.and Durgan Dbeys A. (2012). Antimicrobial activity and
chemical constitutions of West Anatolian olive (Olea europaea L.) leaves. Journal of
Food, Agriculture & Environment VVol.10 (2): 99-102.

Khanuja S.P.S., Shasany A.K., Srivastava A. and Kumar S. (2000). Assessment of
genetic relationships in Mentha species. Euphytica, 111, 121-125.

Lamendin H., Toscano G., Rquirand p. (2004). Phytothérapie et aromathérapie
buccodentaires. EMC-Dentisterie, 1, 179-192.

Laouer H. (2004). Inventaire de la flore médicinale utilisée dans les régions de Sétif, de
Bejaia, de M sila et de djelfa, composition et activité antimicrobienne des huiles
essentielles d Ammoides pusilla ( Brot) Breistr, et de Magydaris pastinacea (Lamk)
Paol.. these de doctorat d’état, Département de biologie, Faculté des sciences, UFA de
Sétif.

Leclerc H. (1994). Précis de phytothérapie essai de thérapeutique par les plantes francaises.

Masson, paris, p170-171.

105



- Li X., Gong Z., Koiwa H., Niu X., Espartero J., Zhu X., Veronese P., Ruggiero B.,
Bressan R.A., Weller S.C. and Hasegawa P.M. (2001). Bar-expressing peppermint
(Mentha x Piperita L, var, Black Mitcham) plants are highly resistant to the glufosinate
herbicide Liberty. Molecular Breeding, 8, 109-118.

- Lo’pez-Lo’pez A., Rodri’guez-Go'mez F. (2010). Effect of the Previous Storage of Ripe
Olives on the Oil Composition of Fruits. J. A.m. OilChem Soc, 87, 705-714.

- Lorenzo D., Paz D., Ellacassa E., Davies P., Vila R. and Canigueral S. (2002). Essential
oils of Mentha pulegium and Mentha rotundifolia from Uruguay. oil ic archives
of biology and technology,45(4): 519-524.

- Maczulak A. E., Dehority B. A., and Palmquist D. L. (1981). Effects of Long-Chain Fatty
Acids on Growth of Rumen Bacteria. Applied and environmental microbiology, Vol.
42, N. 5, 856-862.

- Maffei M., Bertea C.M., and Mucciarelli M., (2007). Mint The Genus Mentha Anatomy,
Physiology, Biosynthesis, Molecular Biology, Tissue Culture, and Biotechnology of
Mint Essential Oil Production.CRC Press Taylor & Francis Group.

Mahboubi M., Haghi G. (2008). Antimicrobial activity and chemical composition of
Mentha pulegium L. essential oil. Journal of Ethnopharmacology, 119, 325-327.

Mahmoudi Y. (1990). La thérapeutique par les plantes communes en Algérie. Palais du
livre, Blida. P71.

Marcusson J.. (1929). Manuel de Laboratoire pour L’industrie des Huiles et Graisses.
PARIS & LTEGE, pp 153.

Masson O. (2007). Biochimie bases biochimiques de la diététique. 2 °® édition. Lavoisier.
P85

Matthaus B. And Ozcan M. M. (2011). Determination of FattyAcid, Tocopherol, Sterol

Contents and 1,2- and 1,3-Diacylglycerols in Four Different Virgin Olive Oil.J Food
ProcessTechnol, 2:4, 1-4.

McGaw L.J., Jager A.K. and Staden J. van (2002). Isolation of antibacterial fattyacids
from Schotiabrachypetala. Fitoterapia, VVol. 73, 431-433.

Meftah H., Latrache H., Hamadi F., Hanine H., Zahir H., El louali M. (2014).

Comparaison des caractéristiques physicochimiques des huiles d’olives issus de

106



différentes zones de la région Tadla Azilal (Maroc) [Comparison of the physico-
chemical characteristics of the olive oil coming from different zones in Tadla Azilal
area (Morocco)]. J. Mater. Environ. Sci., 5 (2): 641-646.

- Michener H. D., Thompson P. A., and Lewis J. C. (1958). Search for Substances
WhichReduce the HeatResistance of Bacterial Spores. Presented in part before the
symposium on Food Preservation, Society for IndustrialMicrobiology, American
Institute of Biological Sciences, StanfordUniversity, August 29, 1957, and in part before
the 57th General Meeting of the Society of American Bacteriologists, Detroit,
Michigan, April 28 to May 2, 1957.

- Muik B., Lendl B., Molina-Diaz A., Canada M. J. A. (2005). Direct monitoring of lipid
oxidation in edible oils by Fourier transform Raman spectroscopy. Chemistry and
Physics of Lipids, 134, 173-182.

- Noureddini H. and Kanabur M. (1999). Liquid-Phase Catalytic Oxidation of Unsaturated
Fatty Acids. JAOCS,vol. 76, n.03, 305-312.

- Ouraini D., Agoumi A., Alaoui M.I., Alaoui K., Cherrah Y., Benlemlih M., Belabbas
M. (2005). Approche thérapeutique des dermatophyties par les huiles essentielles de

plantes médicinales aromatiques marocaines. Phytothérapie, Vol.1, 3-12.

- Patra N.K., Tanveer H., Khanuja S.P.S., Shasany A.K., Sing H.P.h. Singh V.R,,
Kumar S. (2001). A unique interspecific hybrid spearmint clone with growth
properties of Mentha arvensis L. and oil qualities of Mentha spicata L.. Theor Appl
Genet , 102, 471-476.

- Pavlidou V,, Karpouhtsis I,, Franzios G,, Zambetaki A,, Scouras Z,, and Mavragani-
Tsipidou P. (2004). Insecticidal and Genotoxic Effects of Essential Oils of Greek sage,
Salvia fruticosa, and Mint, Mentha pulegium, on Drosophila melanogaster and

Bactrocera oleae (Diptera: Tephritidae). J, Agric, Urban Entomol, ( 21): 1, 39-49.

- Paz Romero M., Tovar M. J., Ramo T., and Motilva M. J. (2003). Effect of Crop Seas
on on the Composition of Virgin Olive Oil with Protected Designation of Origin “Les
Garrigues”.JAOCS, Vol. 80 : 5, 423-430.

- Perry J.J., Staley J.T., Lory S. (2004). Microbiologie, Cours et questions de révision,
Dunod.

107



- Q.A. Shah Ph.D.; F. Bibi M.Sc.; and A.H. Shah, Ph.D. D.Sc. (2013). Anti-Microbial
Effects of Olive Oil and Vinegar against Salmonella and Escherichia coli. The Pacific
Journal of Science and Technology, Vol. 14, 479-486.

- Quezel P. et Santa S. (1963). Nouvelle flore de I’Algérie et des régions désertiques et
méridionales, Tome 2, . Centre National de la Recherche Scientifique. Paris, 1963.

- Rahal K. (2005). Standardisation de L’antibiogramme en Médecine Humaine & I’Echelle
Nationale selon les recommandations de I’'OMS. 4°™ édition, Ministére de la Santé, de
la Population et de la Réforme Hospitaliére.

- Ravi K.U., Pratibha D. and Shoeb A. (2010). Screening of Antibacterial Activity of Six
Plant Essential Oils against Pathogenic Bacterial Strains. Asian Journal of Medical
Sciences, 2(3), 152 — 158.

- Rhayour K. (2002). Etude du mécanisme de I’action bactéricide des huiles essentielles sur
Esherichia coli, Bacillus subtilis et sur Mycobacterium phlei et Mycobacterium
fortuitum, Thése de Doctorat. Université Sidi Mohamed Ben Abdellah Faculté des
Sciences Dhar Mehraz —Fes.

- Rubin M. (2004). Guide pratique de phytothérapie et d’aromathérapie. Ellipses Edition
Marketing S,A, pp 183.

- Saeed S., Naim A. And Tariq P. (2006). In VITRO antibacterial activity of peppermint.
Pak. J. Bot., 38(3) : 869-872.

- Salvador M.D., Aranda F., Go” mez-Alonso S., Fregapane G. (2003). Influence of
extraction system, production year and area on Cornicabra virgin olive oil: a study of

five crop seasons. Food Chemistry, 80, 359-366.

- Schauenberg P. (2006). Guide des plantes médicinales, anlyse, description et utilisation de
400 plantes. 2°™Ed, Delachaux et niestlé, Paris. Pp489.

- Seidel V., TaylorPeter W. (2004). In vitro activity of extracts and constituents of
Pelagonium against rapidly growing mycobacteria. International Journal of
Antimicrobial Agents, VVol.23, 613-6109.

- Shahat M., Salama A., Abul-Fadl M.M. and Akasha M.M. (2013). Quality Evaluation of
SomeLibyan Olive OilVarieties. Journal of Applied Sciences Research, 9(2): 1147-
1160.

108



- Shanker S., Ajayakumar P.V., Sangwan N.S., Kumar S. And Sangwan R.S. (1999).
Essential oil gland number and ultrastructure during Mentha arvensis leaf ontogeny.

Biologia Plantarum, 42(3): 379-387.

- Shirazi F.H., Ahmadi N. and Kamalinejad M. (2004). Evaluation of northern Iran Mentha
pulegium L. cytotoxicity. DARU, 12(3): 106-110.

- Silva D.B., Vieira R.F., Alves R.B.N., Mendes R.A., Cardoso L.D., Queiroz L., Santos
I.R.1. (2006). Mint (Mentha spp ) germplasm conservati on in Brazil. Rev.Bras. PI.
Med., Botucatu, v.8, n. esp., 27-31.

- Spencer A,, Hamill J,D,, and Rhodes M,J,C, (1990). Production of terpenes by
differentiated shoot cultures of Mentha oil ic transformed with Agrobacterium
tumefaciens T37, Plant Cell Reports, 8, 601- 604,

- Sweetie K.R., Chander R., Sharma A. (2008). Chitosan and mint mixture: A new
preservative for meat and meat products. Food Chemistry, 107, 845-852.

- Tanouti K., Serghini Caid H., Chaieb E., Benali A., Harkous M., Elamrani A. (2010).
Amelioration qualitative d’huiles d’olive produites dans le maroc Oriental, Quality
Improvement of Olive Oils Produced In The Eastern Morocco. Les technologies de
laboratoire, 6(22): 1-12.

- Thulasiram H.V., Bhat V.B., and Madyastha M.K. (2001). Effect of ring size in R-(1)-
Pulegone-mediated hepatotoxicity: studies on the metabolism of R (1)-4-methyl-2-(1-
methylethylidene)-cyclopentanone and dl-camphorone in rats. Drug metabolism and
disposition, 6 ( 29): 821-829.

- Trémoléires A. (1998). Les lipids végétaus. De boeck et larcier,department de Boeck

Université, paris, Bruxelles.

- Tucker A. O., Naczi Robert F.C. (2007). Mint The Genus Mentha Mentha: An Overview
of Its Classification and Relationships. CRC Press Taylor & Francis Group.

- Valerija D., Nada B., Nikola L., and Ivana B. (2007). Glandular hair ultrastructure and
essential oils in Satureja subspicata VIS. SSP. SUBSPICATA and SSP. LIBURNICA
SILIC. ACTA BIOLOGICA CRACOVIENSIA Series Botanica, (49)2: 45-51.

109



-Veronique S. and TaylorPeter W. (2004). In vitro activity of extracts and constituents of

Pelagonium  against  rapidlygrowingmycobacteria.  International Journal  of

Antimicrobial Agents, Vol 23, 613-619.

- Vian M.A,, Fernandez X., Visinoni F., Chemat F. (2008). Microwave hydrodiffusion and
gravity, a new technique for extraction of essential oils. Journal of Chromatography A.

1190, 14-17.
- Voet D. et Voet J.G. (2005).Biochimie. 2°™ éd., de Boeck. Pp 382-909.

- Xueqi Li. Hanjiang Z., Charles F., Shoemaker. Selina C. Wang (20014). The Effect of
Different Cold Storage Conditions on the Compositions of Extra Virgin Olive Oil.
J.A.m. OilChem Soc., 91:1559-1570.

- Zizovic . Stameni M. Orlovi A. Skala D. (2005). Supercritical carbon dioxide essential oil
extraction of Lamiaceae family species: Mathematical oil ic on the micro-scale and

process optimization. Chemical Engineering Science, 60, 6747— 6756.

110



(01) gk

(]
o/
2
olive(chern) 1796 (18.469) Cm (1794:1798-(1778:1788+1806:1818))
55 3.74e6
1004 41
o
. i h‘\m MMH\ MH 3137 152 166 179 193 208 pp1o3p 290 299 asep 330 354 378 392
T T T T T T T T T T T
R:951 Nist 16588: CYCLOPROPANEOCTANOIC ACID 2- HEXYL METHYL ESTER )
100+ Hit 3
%% 39/, 54 2
"’ \‘\ “ I 9‘? 110 123 138 166 208 2?0 282
O ‘ H‘ ] h ‘\ ‘\‘ + ‘HH ‘H ' \‘HM H\ \‘ T T T \“ T T T T ! T T T + T T T T T T T T T T T T T T rn/z
16 36 56 76 96 116 136 156 176 196 216 236 256 276 296 316 336 356 376 396 416

Cyclopropaneoctanoic acid, 2-hexyl- methyl ester § &S 430 das!

/O ‘ ‘ /
O
(@]
, 3-DEC-2012 + 14:09:58
Olive (Blu) 1863 (19.028) Cm (1861:1866-(1842:1854+1872:1885))
55 74 1.82e6
1003 24 84g, 98
59 1
%] £ ‘ ‘/ 691 N8 9% 101 40 157 166170 199
ol : Al ‘\H ‘ \\‘ b, uhm\ n\w o ‘ ol . “
F:807 NIST 35314 DECANEDIOIC ACID DIMETHYL ESTER
1004 74 Hit 1
s % 8g7 199
%] 15 2y 30" ‘59 69 |81 ‘ r 15 ‘126 ‘ 166]_70
‘ H \H Ll n‘m\\‘ ull | wH/H\ ‘\ H \ H i
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T m/Z
11 31 51 71 lll 131 151 171 191 211 231 251 271 291 311 331 351 371 391 411

Decanedioic acid dimethyl ester J &k £3Lk!



(e}
. 7.96e6
1007 » S o
11
% H ‘ 69 ‘ ‘ 124128 1437 156 185
0l i Al 63\\‘”\‘ HH\ L m‘\ el H ( ‘ m/ ‘ —
F:862 N|ST 98416 NONANEDIOIC ACID DIMETHYL ESTER
- 152 Hit 1
100 7 83 9 143 185
o]
" s \29 \1‘ \ ‘ | \7101 1\24}28 ‘ a l%‘l%
! \‘\ \n I o m‘ M\ i ‘m I [ \/
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T m/Z
12 32 52 92 112 132 152 172 192 212 232 252 272 292 312 332 352 372 392 412
Nonanedioic acid dimethyl ester J £lSJ) £3Lao]!
/0\/\/\/\/\ /O
o
. 3-DEC-2012 + 145733
Olivc (red) 1640 (17.169) Cm (1638:1641-(1623:1631+1654:1661))
) 7 4.88e5
100 a4 = 83 87
%] H 53 (59 69 W ‘ % 111115 196 18 50
ol N T N A "4 RIS -
F:872 N|ST 35270 NONANOIC ACID 9- OXO METHYL ESTER
1004 74 Hit 1
243 5 5 83 87
%Y s o 3{“/ ‘ 69 \‘ ‘94\ o Tus 136 193 155
i Ll | P A P A Y n‘ { . | J
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T m/Z
12 32 52 72 92 112 132 152 172 192 212 232 252 272 292 312 332 352 372 392 412

Nonanoic acid 9-oxo- methyl § &k L3Laol!

olive (red) 3238 (30.490) Cm (3235:3240-(3218:3229+3250:3265))

l(();)* 41555 697483 - 2.15e6
R:954 NISt 17679 OX|RANEOCTANO|C AC|D 3 OCTYL METHYL ESTER C|S—
100+ 41 556974 N 155 Hit1
e 2‘9 \\‘ 56\“\ M\ H‘H‘ s\i‘? 1?\ 1\\\27 \153\\ 171 1\99

0 frrrerr b e e b miz

" T
15 35 55 75 95 115 135 155 175 195 215 235 255 275 295 315 335 355 375 395 415

Oxiraneoctanoic acid 3-octyl- methyl ester cis- § &SIt LdLlacd)



(02) ek

1) blugl oS

MH agar ;s e

LT D Hydrolysat de caséine

£15 S ol

613 )L‘QT‘)L‘GT

UL000. oo Ao sle

( Bouillon nutritif) (sdaed! & yel!

BB L e, o F Al

S T000. e Sate cla




Available online at www.scholar sresear chlibrary.com

Scholars Research Library 3A¢"b:%
Scholars Research . * t@# (E
Der Pharmacia Lettre, 2016, 8 (2):73-78 * <Y *
(http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

L ongue time storage at room temper atur e increases the chemical composition
of olive oil

Habiba Boukhebti*, Adel Nadjib Chaker®, Hani Belhadj? and Daoud Har zallah?

L aboratory of Natural Resources Valorization, Fagudf Natural and Life Sciences, University FerAabas
Sétifl, Sétif, Algeria
“Laboratory of Applied Microbiology, Faculty of Nasliand Life Sciences, University Ferhat Abbasf$égsétif,
Algeria

ABSTRACT

In Algerian traditional medicine, the old olive ®ilvere used especially, to treat respiratory angedtive system
diseases. This study aimed to evaluate the decdtpodegree of three samples at different agesligé oils. The
analysis and identification of the fatty acids (F@®mposition of samples were performed using theC(®1S). This
analysis led to the identification of 16, 18 and fafty acids. This increase in the number of fattyds in the
samples was especially in the saturated fatty addsnoted a decrease in the value of some ungatuecids like
oleic acid (75.36% in sample 01, 75.48% in sam@ea®dd 48.31% in sample 03) and increase in values o
saturated fatty acids as palmitic acid (12.59% ample 01, 13. 75.32% in sample 02 and 29.22% inpka®B3).
Some physicochemical properties were determinedgibe lodine, Peroxide, Saponification and Acid.ies). The
values of these properties were changed accordirilje chemical composition of the samples.

Keywords: Olive oil, chemical composition, saturated fattyd, unsaturated fatty acid.

INTRODUCTION

Olive oil is obtained from the fruits @dlea europed.. by mechanical or other physical means that dolead to
any chemical change. It contains acylglycerols,ntyairiacylglycerols and in a lesser extent diatydgrols, and
other minor components represented by wax estegs, fhtty acids, triterpenic alcohols, hydrocarhaosterols,
phenols, flavonoids, pigments, tocopherols, andti®laompounds. It is well established that olivie quality is
influenced by several factors such as variety, enwirental conditions, cultural and harvesting pcasti and
technological processes (1).

The chemical composition of olive oil is also infhieed by genetic factors (cultivar) and environmienta
(edaphological characteristics and climatic cond), for this reason the production area is |grgesponsible for
the characteristics of the olive oil. Besides thalify of olive oil is strongly related to the phgtgical conditions
of the fruit from which it was extracted. The stageipening may directly or indirectly affect ajuality. The fruit
physiology undergoes changes directly related ¢oattpe, and these changes alter the oil qualityH@thermore,
there is an indirect effect provided by the act@nexternal agents of deterioration which incredseing fruit
ripening. In fact, as ripening advances certainaf@ic processes which involve changes in the erafil certain
compounds such as triglycerides, fatty acids, pgaywls, tocopherols, chlorophylls and carotenoidsup (3).
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These variations are reflected in the sensory ctarstics, especially in the aroma, the oxidatitab#ity and/or the
nutritional value of the final product, and of cayri; the quality degree (4).

Storage conditions are considered critical varmbiat influence the quality of olive oil and iteHHife which is
attributable to lipid oxidation mechanisms whichdeo rancidity. Glass and metal bottles were dse@ackaging
olive oils (5). The major function of packaging m@als is related to their barrier properties agaimoisture,
oxygen and light. It is known that these reactians catalyzed by light and heat and are partly stbdown by
compounds belonging to the un-saponifiable fracti®dolyphenols and tocopherols are the two main graafp
compounds acting as primary antioxidants to intokitlation in olive oils (6).

In Algerian traditional medicine the old olive ailas used widely to treat respiratory diseases antesdigestive
system diseases. Therefore, this research aimetbteymine the chemical composition, mainly theyfacid
content, of three olive oil samples stored foretiéht times under the same conditions.

MATERIALSAND METHODS

Oil samples and physicochemical analysis

Oil samples, one year old sample (OL1), 12 yearsalaiple (OL2) and 33 year old sample (OL3) wenviged

by local farmers (from same trees). The oils wexgaeted using traditional method. Some physicodbam
properties of the samples (color; density; PH, asagbonification, peroxide and iodine indices) wals® measured.

Methylation and GLC-MS analysis

The oil triglycerides were transferred into meththers of acids by esterification with methanougioh (7, 8, 9).
The chromatography of the methyl ethers solutiomhéxane was carried on the instrument "GLC-MS cempl
Clarus 600 C MS". Conditions for the analysis: #apy column with the length of 30 m, with the diater of 0,25
mm; fixed phase BPX-70 with thickness of the filf0g25 um. Helium (He) was the carrier gas with velocity of
0,75 ml/min. Applied sample volume of O, and split (1:40). Temperature of the injectorsv80C. Program
temperature of the columns thermostat: initial terafure, 10 for 2 min; followed by a rise to 185 with the
speed of &/min, and then an isotherm step of I8%or 10 min. Quantitative determination was acchshed
according to the data of the flame-ionization dtetemperature, 230) and the methyl ethers identification was
conducted according to the data of the mass-speetric of the detector (temperature of the intexfauf
introduction,186C, the source temperature, 20Qion current, 1.5 A, electrons energy -70 eV). ises were
carried out in triplicates, and confidence intesvaith the level of significance 95% were deterndine

Physicochemical properties determination

Density value (DV) was determined according to Ahgerian center of quality control and packagin@)(lodine
index was determined using Hanus method (Flavial.et2014)"with some modification™ (11). Peroxide (PI)
Saponification (SI) and Acid (Al) indices were deténed in Analytical Laboratory of Vegetable Extim@nd
Fragrances LEXVA Analytigu€&rance).

RESULTSAND DISCUSSION

The studied oil samples were analyzed for theiorcahd odor. OL1 sample (one year old) was gredowish
with olive odor, and OL2 sample (stored for 12 ggavas very clear green-yellowish and with strongytic odor.
Whereas, OL3 sample (stored for 33 years) waspeaasat-whitish and was characterized by highly ichndor.

Oil samples oflea europed.. (OL1, OL2 and OL3) were analyzed by GC-MS |eadio the identification of 16,
18 and 30 compounds for oil samples respectivelpl@ 1). Oleic acid methyl ester was the major coumpl for
samples OL1, OL2, OL3, with percentage of 75.36%48% and 48.31%; followed by Palmitic acid metéester
(12.59%, 13.32% and 29.22%) respectively. Thesaltseshowed that the concentration of Oleic acidhylesster
decreases with respect to the increase in stomgedpof samples. The same observation was recdodgzhlmitic
acid methyl ester, where its percentage increasedtine increase in storage period. By the samal e number

of the compounds identified in analyzed sampleseimges according to the increase in storage tigel@ and 30
compounds for OL1, OL2 and OL3 respectively). Faaraple, the occurrence of squalene in OL1 and OL2
samples, while, it disappeared in OL3 sample. Feuntiore, the occurrence of new compounds in OL2 @bd8
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samples such as cis-9, 10-Ethoxystearic Acid metbigr and nonanoic acid 9-oxo-methyl ester in $a10@, while
in OL3 sample, other 17 new compounds represeltidg@5%) were detected such as cis-11-12-Ethoxystaeid

methyl ester, octanol-1, nonanoic acid methyl eatad trans-9-10-Epoxystearic acid methyl esterthieamore,
linoleic acid methyl ester and linolenic acid mdtagter appeared in OL1 and OL2 samples, but deseg in the

third sample.

No significant difference in the percentages of miwal compounds between samples 01 and 02, thidl sma

difference is probably due to the different clinsatonditions and rainfall during the growing seasonto another

factor such as sample age and storage condition.

Table 1: Chemical composition (%) of thethree samplesof olive oils. Oneyear old sample (OL1), 12 year old sample (OL 2) and 33 year

old sample (OL3).
Chemical
Compounds Formula oL1 oL2 oL3

1 Benzyl alcohol C7H80 0.01 0.01 0.09
2 Myristic acid, methyl ester C14:.0 0.01 0.01 0.02
3 Palmitic acid, methyl ester C16:0 1259 13.32 29.22
4 7-Hexadecenoic acid, methyl ester, (2)- Cl6:1[7Z] 0.06 0.06 0.04
5 Palmitoleic acid, methyl ester C16:1[9Z] 0.78 0.78 0.39
6 Margaric acid methyl ester C17:0 0.09 0.08 0.31
7 Cyclopropaneoctanoic acid, 2-hexyl-, methyl est€i8H3402 0.14 0.10 0.09
8 Stearic acid, methyl ester C18:0 2.61 2.67 5.57
9 Oleic acid, methyl ester C18:1[97] 75.36  75.48 348.
10 cis-Vaccenic acid methyl ester C18:1[12Z7] 213 021 0.87
11 Linoleic acid Methyl ester C18:2 [9Z,127] 5.37 4.50 -
12 Linolenic acid Methyl ester C18:3[9,12/15]0.30 0.10 -
13 Arachidic acid methyl est C20:C 0.2¢ 0.3C 0.6t
14 11-Eicosenoic acid Methyl ester C20:1[11Z7] 0.14 130. 0.08
15 Behenic acid, methyl ester C22:0 0.07 0.06 0.21
16 Squalen C30H5( 0.07 0,0z -
17 .cis-9,10-Ethoxystearic Acid, methyl ester C19H3603 - 0.20 2.26
18 Nonanoic acid, 9-oxo-, methyl ester C10H1803 - 0,01 -
19 Nonana C9H18C - - 0,9:
20 Nonanoic acid, methyl ester C9:0 - - 1,57
21 Octanol-1 C8H180 - - 0,27
22 Decanal C10H200 - - 0,42
23 2-Decanone C10H200 - - 0,08
24 Capric, methyl ester C10:0 - - 0,41
25 1-Nonanol C9H200 - - 0,1
26 2-Decenoic acid, methyl ester, (E)- C10:1 [2E] - - 0,08
27 Heptanedioic acid, dimethyl ester C9H1604 - - 0,1
28 Methyl 8-oxooctanoate C9H1603 - - 0,24
29 Suberic acid, dimethyl ester C10H1804 - - 0,77
30 Azelaic acid, dimethyl ester C11H2004 - - 1,88
31 Decanedioic acid, dimethyl ester C12H2204 - - 0,35
32 cis-11,12-Ethoxystearic Acid, methyl ester C19H3603 - - 0,41
33 Chaulmoogric acid, methyl ester , D- C19H3402 - - 581
34 trans-9,10-Epoxystearic Acid, methyl ester C19H360 - - 1,16

Total 100% 99.94% 98.46%

Total saturated acids
Total unsaturated aci

15.80%6.76% 46.18%
84.19% 83.18% 52.28%

There was a decrease in the concentration of seors&uwrated acids in OL1, OL2 and OL3 samples ssobleic
acid (75.36%, 75.48% and 48.31%) respectively; ldizoacid (05.37%, 04.50% and 00.00%) and incr@asalues
of saturated fatty acids as palmitic acid (12.59%, 32% and 29.22%) and Stearic acid (02.61%, 02.and

05.57%).

In oil sample 01, saturated and unsaturated fattgisawere recorded with 15.81% and 84.21% respslgtiv
Comparable concentrations were observed for OLZ/6B6 and 83.18%) respectively. In contrast, anease in
saturated fatty acids (46.18%) and a decreasesaturated fatty acids (52.28%) were noticed in Gh3this oil
sample, saturated (07.76%) and unsaturated (2.58%Yatty acids (18 compounds) were detected, (Eidgl
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Figure 1: Saturated and unsaturated fatty acidsin olive oil samples. One year old sample (olive oil;), 12 year old sample (olive oil,) and
33 year old sample (olive oils)

The increase in saturated fatty acids may be wasetison for increasing in the density of the QQIL2 and OL3
samples 0.912 + 0.005, 0.916 + 0.001 and 0.998a@5)(20°C/water in 20°C) respectively, (Figure 2).

0,8

0,6

0,4

OL1 OL2 UL3

Figure 2: Density of olive oil simpales. One year old sample (OL1), 12 year old sample (OL2) and 33 year old sample (OL3)

Similar results were found by Hashempoualket (12) with those found in present study in sanfdlewhereas the
major compounds in five samples of Iranian olivis @iere oleic and palmitic acids followed by linicland stearic
acids According to Matthdus eal., (13) the major fatty acids found in Turkish olive oilere oleic, linoleic,

palmitic, and stearic acids. Shahatkt (14) Observed in their studies that oleic acid wasptezlominant fatty
acids, followed by linloeic and palmitic acids hree Libyan samples tested of olive oils.

Beltran etal. (15) reported that the major saturated fatty acid igiwiolive oils is palmitic acid and they returnghi
result to that low growth temperature may increasambrane lipid unsaturation in order to maintainmbeane
fluidity at low temperatures. The lower temperasudecrease fatty acid biosynthesis during the Mmember
period

In the study of Xueqi edl., (16) the results showed that cold storage conditigns and -27°C) was sufficient to
retard oxidation and hydrolysis during extra virgilive oils storage with no significant change hrese flavor
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aspect over 18-week of storage. In addition, comagans of free fatty acids of oil samples stoag¢d.5 °C and -27
°C increased slightly during storage period while bnes stored at 25 °C had a significant increflase higher
initial values of FFA, there were higher rates etwmulation of free fatty acids, especially at leiglstorage
temperature

Lo’pez-Lo’pez etl., (17) concluded that the polyunsaturated fatigisaare the most sensitive to transformation and
oxidative deterioration in somstorage conditions. Furthermore, it's well knowattfatty Acids compositions of
olive oils are affected by crop season, climatatabconditions and environmental fact¢ts).

The effects of the agronomic factors are diffeffenteach fatty acid. Fatty acids that are influghbg temperature
fluctuations and rainfall registered during oil $yothesis and summer, are palmitic and oleic adidsddition,
harvesting period and thus, ripening stage affepgaahitic, steraric, linoleic, and linolenic aci@b).

In the study of Noureddini and Kanabur (1®)e azelaic and nonanoic acids are the main prsdfcbleic acid
oxidation reactions, as the unsaturation bond éicacid is effectively cleaved, yielding mainlyetborresponding
mono- and di-carboxylic acids (C17-C19).

The Acid indices (mg KOH/g oil) of the samples 02,and 03 ranged from 1.7, 11.3 to 107.5 respdygtiable

2), and the Acid indices (% Oleic acid) were 0.9, &nd 54.0 respectively, whereas, Peroxide indicesy Q/kg

oil) ranged from 7.2, 11.6 and 14.1 respectivety.addition, the content of saponification indicesni these
samples were 191, 194 and 279. Samples pH valuasurezl by pH-meter apparatus was changediaacasety

a large margin with values of 5.8, 3.6 and 1.7 @itl, OL2 and OL3 respectively. Changes in chemical
composition between the olive oil samples was #dason for the pH changing and other chemical isd{tzline,
Acid, Peroxide and Saponification indices), whicddicates that the quality of these oil samples ghdnThese
results are different with those found by otheristigationg16, 18, 20)where the values obtained were lower than
those obtained in present study. In additio& values of free acidity «given as the percentdgaeic acid» in the
present study were different from those found bilaBdo-Guerreraetal. (21).

In studies of Mabroka edl., (2014) the acid values (% oleic acid ) were weblbetween 0.22 and 0.72, whereas
the peroxide values were wobbled between 07 andni?) QKg-1), while the iodine values were wobbled
between 76 and 91. The results of Gambacorgh &2004) showed that the acid values of olive wigse less than
01; these results did not changed while the olilestored since one year in ambient temperatwethe values of
another sample stored in 37 °C were changed.

Storage of olive oil in room temperature for longuexiod increases the chemical composition andaberation of
the olive oil and affects some physicochemical prips such as color, density, acid, saponificatgeroxide and
iodine indices. No significant difference in chealicomposition between one year olive oil sample alive oil
stored

Table 2: Physicochemical propertiesof thethree samplesof olive oils. Oneyear old sample (OL 1), 12 year old sample (OL 2) and 33 year

old sample (OL3)

Test Olive oil 01 Olive oil 2 Olive ail 3
Density (20C/water in 2(C) 0.912 +0.005 0.916 +0.00D.993 + 0.005
lodine index (Hanus) 79.962 +10.784.078 +9.71 31.749 £ 7.05
Saponification index (mg KOH/g of oil) 191 194 279
peroxide index (mmol g™ of oil) 3.6 5.8 7.1
peroxide index (meq4Bg™ of oil) 7.2 11.6 141
acid index (mg KOH/g) 1.7 11.3 107.5
acid index (% oleic acid) 0.9 5.7 54.00
pH 5.8 3.6 1.7

for 12 years. Whereas in olive oil stored for 3ange 17 new compounds were detected and signifaifiatence in
its chemical compositiomompared to the first sample. This change in thenmibal composition may create a
change in the therapeutic properties of olive Dilus, deeper studies should be addressed to uadétte effects
of storage period and conditions as well as packpgiaterials on bioactivity of olive oil.
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/ Abstract \

Chemical analysis of three olive oil Samples Stored for (1 year, 12 and

33 years) allowed to us count 16, 18 and 31 fatty compound, the major
compounds were oleic acid and palmitic acid. While the essential oil Analysis
by GC and GC/MS of aerial parts of the same plant Olea europea L. allowed
the identification of 38 compounds, the main compound was palmitic acid,
whereas the analysis of the essential oils of Mentha aquatica L. by GC and
GC / MS has identified 43 compound, the major compound were Linalyl
acetate (26.10%), a-pinene (22.7%), linalol (13.75%). Results of the
antibacterial activity were different, this activity depend on the oil and

concentration used.

Key words: medicinal plants, olive oil, essential oil, antibacterial activity,
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