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Pistacia palaestina Boiss. (Pistacia terebinthus L. var. palaestina (Boiss.) Engl.) is a medicinal and
foodstuff plant. The ripe fruits are used largely in the Middle East as a component of the so-called
Zaatar, a mix of aromatic and food plants. Results of GC and GC—MS analyses of the essential oils
of leaves, galls produced by Baizongia pistaciae (L.), and ripe and unripe fruits of Pistacia palaestina
Boiss. collected in Jordan are reported. Both qualitative and quantitative differences between different
parts of the plant were observed. The oil was rich in monoterpenes, and the main constituents were
o-pinene (63.1%) and myrcene (13.3%) in the leaves and a-pinene (49.4%), sabinene (22.8%), and
limonene (8.1%) in the galls. (E)-Ocimene (33.8—41.3%), sabinene (20.3—24.1%), and (2)-ocimene
(3.8—13.0%) were the main ones in both unripe and ripe fruits. Sesquiterpenes have been detected
in small quantities in leaves and fruits and in trace amounts in galls.

KEYWORDS: Pistacia palaestina ; essential oil; Zaatar; GC —MS; fruits; leaves; gall; insect;  Baizongia
pistaciae ; monoterpenes

INTRODUCTION Table 1. Plants Used To Prepare Zaatar
The Anacardiaceae family includes 76 genera with over 600 plant name used part treatment
species. This family includes some species with very important ; , - —

. lue such as the mango tidaugifera indica, the Majorana syriaca (L.) Rafin. leaves air-dried
e_conorr_uc va ) ” 9 g ' Sesamum indicum L.2 seeds toasted
pistachio nutRistaciavera), and the cashew treArfacardium Pistacia palaestina Boiss.? fruits raw or toasted
occidentalg. Besides the edible plants, this family is well-known Foeniculum vulgare Mill fruits raw
for its poisonous species, which cause contact dermatitis. Coriandrum sativum L. fruits raw

. . | inaBoi Pistacia t binthu. Carum carvi L. fruits raw
Pistacia palaestinaBoiss. ( istacia terebinthud.. var. Anethum graveolens L. fruits raw
palaestina(Boiss.) Engl.) is a deciduous tree or a shrub living Cuminum cyminum L. fruits raw
in maquis and garigues, in association withercus calliprinus, Cicer arietinum L. seeds toasted
mainly on hills and mountains of Palestine, Lebanon, Syria, ~ Titicum vulgare L. seeds toasted
Rhus coriaria L. fruits raw

Turkey, and adjacent islands (1).
The fruits pr. palaestln_aare known in Arabic a_s “Butom”. @ All the constituents of Zaatar are grinded except Sesamum indicum seeds.

They are edible and sold in markefs @). In the Middle East, v, be substituted with Pistacia atlantica.

raw or toasted ripe fruits d?. palaestinaare grinded and mixed

with other aromatic plants to blend the so-called “Zaatar”, @  The galls ofP. palaestinaare induced by infection of a variety

food daily consumed with bread, olive oil, and tea. Zaatar itself of galling aphids, which belong to the order Homoptera. These

can be classified according to its content in less or more aphids live by sucking on the phloem of the host plant and

expensive aromatic plants, affecting the taste and the quality. excrete large amounts of sweet honeydew. This sweet material

Zaatar containingP. palaestinafruits is considered of high  attracts a variety of insects, especially the ants, which frequent

quality. The plants used to prepare Zaatar are summarized inthe aphid colonies. Very often an aphid colony is protected

Table 1. against all enemies by forming the galB)( Galls fromP.
palaestinaand other species éfistaciaare used as a source of
*To whom correspondence should be addressed. Pher@62-6- tannins (1) employed for tanning goat ski).(
422b5n1i3ér';%Xigf9gi25-§-4291432- E-mail: ammarosio@hotmail.com. In Jordan, the resin d®. palaestinas used in the local folk
+ AI-Zaytognah Private University of Jordan. medicine as a diuretic, laxative, stimulant, and aphrodiSc (
8 University of Jordan. while the decoction of the leaves is employed as a diuretic and
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antihypertensive and for jaundic®)( In Turkey, the decoction  and MS data were in good agreement with the literature). Moreover,
of the leavesP. palaestinais used as an antidiabetic remedy the molecular weights of all the identified substances were confirmed
(6). Other species dPistaciaare used in various folk medicine Py GC—CIMS, using MeOH as Cl ionizing gas.
systems, and some biological activities have been confirmed
scientifically. The decoction of the leavesPflentiscuss used RESULTS AND DISCUSSION
in Jordan and Palestine to treat liver intoxications. This property
has been demonstrated in vivo on rats treated with, Q)|
probably as a result of the presence of galloylquinic derivatives,
which have antioxidant activity (8). The essential oil obtained
from the resin ofP. lentiscusand its varietychia showed a
powerful antimicrobial activityq, 10. In addition, the essential
oil of P. lentiscushas been evaluated for insecticide activity
againstMayetiola destructagrthe vapors of the oil oP. lentiscus
caused 100% mortality on the eggs of this insect within 24 h
(12).

The essential oil from galls dP. integerrimawas studied
for its depressive activity on the mouse central nervous system
(12). Previous studies oR. palaestinadeal with triterpenoid
derivatives from galls (13). Herein, the composition of the
essential oil of leaves, galls, and ripe and unripe fruits of
JordaniarP. palaestinaBoiss. is reported using GC and GC
MS analyses.

A total of 41 compounds were identified, accounting for
98.1—-99.6% of the whole essential oils. The compositions are
reported inTable 2. The essential oil yields were very variable,
ranging from 0.02% (w/w, calculated on dry plant material) in
leaves to 2.71% in galls. Intermediate values were found for
fruits; unripe fruits yielded 0.16% essential oil, while in ripe
fruits the yield dropped to 0.06%.

The essential oil of the leaves consisted mainly of mono-
terpenes (92.6%, 31 constituents). Among these derivatives,
hydrocarbons predominated (89.1%, 16 compounds); the re-
maining constituents were sesquiterpene hydrocarbons (3.7%,
7 compounds) and other non-terpene substances (1.0%, 4
compounds). The main monoterpenes weginene (63.1%),
myrcene (13.3%), and limonene (4.3%), while the principal
sesquiterpene wgs-caryophyllene (2.9%).

Galls produced an oil composed almost exclusively of
monoterpenes (99.2%, 21 compounds); only three sesquiterpenes
were detected in trace amounts. Again, hydrocarbons are the
MATERIALS AND METHODS main derivatives (94.3%, 16 substances) while oxygenated

Plant Material. Leaves, galls, unripe fruits (red), and ripe fruits compounds represented 4.9% (5 substances). The main con-
(green) from 10 adult plants &. palaestinaBoiss. were collected in stituents of this oil werex-pinene (49.4%), sabinene (22.8%),
As-Salt, Jordan, at the end of September 2002, in a Mediterranean|imonene (8.1%), 4-terpineol (4.4%), and myrcene (4.2%). With
climate. The plant material was identified by Dr. Ammar Bader, and a respect to the oil from leaves, this oil contained considerably

voucher specimen was deposited in the herbarium of Laboratory of smaller amounts odi-pinene and myrcene but greater concen-
Pharmacognosy at Al-Zaytoonah Private University of Jordan. The trations of sabinene, limonene, and terpinen-4-ol
galling insect was identified by Professor Ahmad Katbeh-Bader as . . ' ' '
Baizongia pistaciae(L.) (Homoptera: Aphidoidea, Pemphigidae, In unripe fruits, monoterpene_s at_:cour]ted for _95'3% (15
Fordinae), and a voucher specimen was deposited in UJIM (University Constituents) of the whole essential oil, while sesquiterpenes (5

of Jordan Insect Museum). hydrocarbon derivatives) amounted to 3.8%. Monoterpene
An amount of 100 g of the air-dried and bulked material of each hydrocarbons summed to 87.6%, while oxygenated compounds
sample was hydrodistilled in a Clevenger-like apparatus for 2 h. summed to 7.7%. The constituents characterizing this essential

The GC analyses were accomplished with an HP-5890 series Il oil were (E)-ocimene (41.3%), sabinene (20.3%), terpinen-4-ol
instrument equipped with HP-WAX and HP-5 capillary columns (30 (6.4%), a-pinene (5.3%), and (Z)-ocimene (3.8%).
m x 0.25 mm,_0.254m film thick_ness) with the f_ol_lowing parameters: Ripeness caused a slight decrease in monoterpene percentage
60°C for 10 min, ramp of SC/min up to 220°C; injector and detector g5 504 17 compounds) and a halving in the concentration of
temperatures of 25%C; carrier gas, helium (2 mL/min); detector, dual oxygen’ated compounds (3.0%), although their number doubled

FID; split ratio of 1:30; injection of 0.%L. The identification of the 4 2 | ; h d i )
components was performed for both the columns by comparison of (4 VS 2)- In contrast, sesquiterpenes showed a small increase in

their retention times with those of pure authentic samples and by meansP0th percentage and number (5.7%, 6 derivatives). The main
of their linear retention indices (Iri) relative to the series of compounds identified in ripe fruits were (E)-ocimene (33.8%),
hydrocarbons. The relative proportions of the essential oil constituents sabinene (24.1%)Z(-ocimene (13.0%), and-pinene (6.5%).
were percentages obtained by FID peak-area normalization. All the essential oils were characterized by high percentages
GC—EIMS analyses were performed with a Varian CP-3800 gas of monoterpenes (always higher than 90%), mainly hydrocarbon
chromatograph equipped with a DB-5 capillary column (36.25  derjvatives. The differences are principally quantitative. In the
mm; coating thlckness_ of O.Zzb‘m)' and a Varian Satum ZOQO_ iontrap  agsential oil of unripe and ripe fruitsEY-ocimene and (Z)-
mass dett_actor. Analytical conditions were the followmg: injector and ocimene accounted for more than 40% of the whole oils. In
transfer line temperatures of 220 and 240, respectively; oven ripe fruits, the percentage of th&)isomer increased and the

temperature programmed from 60 to 24D at 3 °C/min; carrier gas . . .
helium at 1 mL/min; injection of 0.2ZL (10% hexane solution); split percentage of the (E)-isomer decreased. Ocimene isomers are

ratio of 1:30. Identification of the constituents was based on comparison monoterpenes found in a number of culinary herbs such as
of the retention times with those of authentic samples, comparing their Ocimum basilicuni., Thymus pulegioidek., and Origanum
linear retention indices relative to the seriesrehydrocarbons, and  wulgare L. (21—23), and they contribute to the pleasant and
on computer matching against commercial (NIST 98 and ADAMS) characteristic odor of the aromatic plants. The essential oils from
and homemade library mass spectra built up from pure substances andeaves and galls contained considerably smaller amounts of
components of known oils and MS literature data-19). ocimenes, whil@-pinene represented more than half of the total
All the reference compounds were obtained from Sigma-Aldrich composition.
Italia (either normal or flavor and fragrances catalogues) except ocimene Many species ofPistacia have been investigated for the

(mixture of isomers) andH)-S-farnesene (mixture of isomers) (Chro- Jr - . . s
maDex), while germacrene D was confirmed by NMR analyses of other essential oil composition of their leave. (entiscus, P. khinjuk,

essential oils 20). The only missing reference compounds were P. chinensis, P. terebinthydruits (P. lentiscus, Pvera), resin

p-cymeneneB-bourboneney-muurolene, bicyclogermacrere;muuro- (P. Ientiscu_); and 93"5 P. lentiscus, P. integerrilfr)ac_ompari-
lene,cis-y-cadinene, anf-sesquiphellandrene, which were labeled as  Son of previous studies shows a remarkable variability that seems

tentative identification inTable 2 (however, their retention indexes  to depend on plants species and plant organ. In the essential oil
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Table 2. Composition? of the Essential Oils Obtained from Leaves, Galls, and Unripe and Ripe Fruits of Pistacia palaestina

% from % from % from % from
constituents IriP Iri¢ leaves galls unripe fruits ripe fruits

(E)-2-hexenal 856 1220 0.5 e e e
n-nonane 900 900 e e e trf
o-thujene 933 1031 trf 1.4 1.2 0.8
o-pinene 940 1029 63.1 49.4 53 6.5
camphene 955 0.3 0.3 e 04
sabinene 978 1126 15 22.8 20.3 24.1
[-pinene 981 1112 15 37 2.8 36
6-methyl-5-hepten-2-one 986 1333 trf e e e
myrcene 992 1170 133 4.2 13 12
o-phellandrene 1007 1152 11 0.3 0.4 e
3-carene 1013 1136 e trf e e
o-terpinene 1020 1165 trf 14 2.7 0.5
p-cymene 1028 1273 trf trf 0.3 0.5
limonene 1032 1198 43 8.1 2.7 4.1
[-phellandrene 1033 1190 04 0.1 e e
(2)-ocimene 1041 1199 2.7 0.2 38 13.0
(E)-ocimene 1051 1242 05 0.1 413 338
y-terpinene 1064 1231 0.4 18 44 0.7
cis-sabinene hydrate 1070 e trf e e
terpinolene 1089 1284 trf 05 1.1 trf
p-cymenene? 1090 trf e e e
n-undecane 1100 1100 e e e trf
linalool 1102 1547 e trf e e
nonanal 1104 1385 trf e e 1.1
borneol 1175 1707 11 e e e
terpinen-4-ol 1182 1607 11 4.4 6.4 15
o-terpineol 1192 1698 0.9 0.5 13 0.4
isobornyl acetate 1286 04 trf e 0.5
o-terpinyl acetate 1351 e e e 0.6
B-bourbonene? 1385 e e 0.3 e
B-caryophyllene 1420 1605 2.9 trf 0.5 1.3
o-humulene 1456 1676 2.0 e 0.4 e
(E)-B-famesene 1459 1668 e trf e e
y-muurolene? 1478 1682 0.1 e e 0.5
germacrene D 1482 1722 05 e 2.3 3.0
bicyclogermacrened 1496 e e e 0.3
a-muurolened 1499 1720 trf e e e
cis-y-cadinened 1511 trf e e trf
d-cadinene 1524 1764 0.5 e 0.3 0.6
B-sesquiphellandrene? 1526 1773 e trf e e
(2)-3-hexenyl benzoate 1572 1555 0.5 e e e
monoterpenes 92.6 99.2 95.3 922
sesquiterpenes 6.0 trf 3.8 5.7
fatty acid derivatives 1.0 e e 11
total identified 99.6 99.2 99.1 99.0
essential oil yield (% wiw)9 0.02 2.71 0.16 0.06

a Percentages obtained by FID peak-area normalization. ® Linear retention indices (HP-5 column). © Linear retention indexes (DBOWAX column). ¢ Tentatively identified.
e Not detected. fLess than 0.1%. ¢ Calculated on dry plant material.

obtained from the leaves, some authors found a dominance of(24) found as main constituents of the essential oil of the fruits
monoterpene hydrocarbon4—30). In particular, the main  of P. lentiscusterpinen-4-ol,a-terpineol, and sesquiterpene
constituents of the most studied speciPs, lentiscus, were alcohols. The essential oil of the fruits & vera contained
o-pinene (Greece and France) (29—31), myrcene (Spain anda-pinene as the main component (35).

Sicily (27, 32), 3-carene (Egypt)26), and terpinen-4-al- Although Pistacia palaestinds a variety ofPistacia tere-
pinene, limonene, and myrcene (Corsica)( According to binthus, the composition of the essential oil of the leaves was
their intraspecific variability, the essential oil &f. lentiscus very different (36). InPistacia terebinthus, the monoterpenes
can be classified into three groups on the basis of their contentterpinen-4-oly-terpinene, limonene, arterpinene have been

of terpinen-4-ol/a-pinene, limonene, and myrcene. In the detected as the main compounds, whil®impalaestinahe main
essential oil of the galls oP. integerrima, monoterpenes compounds were -pinene and myrcene (63.1% and 13.3%,
dominated, witha-pinene, sabinengj-pinene, and limonene  respectively).

as the main components, whereas the oil of the galls flrom In Table 3 the main constituents of sonfistacia species
lentiscus was rich in sesquiterpene hydrocarbons such as are summarized to show the relationship between the composi-
pB-caryophylleneg-cadinene, and germacrene E3( 39. In the tion of the leaves, the galls, and the fruits in the same species.
resin ofP. lentiscusmonoterpene hydrocarbons are the principal Fruit repining ofp. terebinthusauses racemization ofpinene
constituents, witho-pinene as the main compoung7j. The to f-pinene, with the same total percentage being maintained
same authors identified in the oil of ripe and unripe fruit$of after repining (a-pinene (15.6%) anfdipinene (11.5%)) com-
lentiscusmore than 90% of monoterpene hydrocarbons, but in pared with the percentages before repiningp{nene (5.3%)

this case, myrcene was the main component. Other researcherand-pinene (22.5%)). The sum of both is 27.1% and 27.8%,
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Table 3. Composition of the Essential Oil of Some Pistacia Species (2) Al-Khalil, S. A. Survey of plants used in Jordanian traditional
medicine.Int. J. Pharm.1995,33, 317—323.
analyzed main constituent of (3) Bodenheimer, F. SAnimal Life in PalestingL. Mayer Publica-
plant name parts country the essential oil reference tions: Jerusalem. Israel. 1935.
P. terebinthus leaves Turkey terpinen-4-ol (33.7%) 36 (4) Bailey, C.; Danin, A. Bedouin plant utilization in Sinai and
y-tterp{nenf((:-l?:;/;) Negev.Econ. Bot.1981,35, 145—-162.
o-terpineol (8.1% CALLE ; i i ;
P.terebinthus young shoots  Turkey limonene (3.0%) 28 (5) Oran, S. A Al-Eisawi, D M. C_:heck list of medicinal plants in
a-pinene (5.3%) Jordan Dirasat: Med. Biol. Sci1998,25, 84-112.
P. terebinthus  unripe fruits ~ Turkey limonene (34.2%) 28 (6) Sezik, E.; Yesilada, E.; Honda, G.; Takaishi, Y.; Takeda, Y.;
a-plinene (15.6%) Tanaka, T. Traditional medicine in Turkey X. Folk medicine in
f3-pinene (11.5%) Central AnatoliaJ. Ethnopharmacol2001, 75, 95—115.
germacrene D (3.5%) (7) Janakat, S.; Al-Merie, H. Evaluation of hepatoprotective effect
P. terebinthus  ripe fruits Turkey limonene (32.8%) 28 . v o o p_ p
B-pinene (22.5%) of Pistacia lentiscusPhillyrea latifolia and Nicotiana glauca.
a-pinene (5.3%) J. Ethnopharmacol2002, 83, 135—138.
' germacrene D (4.6%) (8) Baratto, M. C.; Tattini, M.; Galardi, C.; Pinelli, P.; Romani, A.;
P.lentiscus  leaves Turkey terpenin-4-ol (29.9%) 36 Visioli, F.; Basosi, R.; Pogni, R. Antioxidant activity of galloyl
a-terpineol (10.6%) uinic derivatives isolated frof. lentiscudeaves Free Radical
limonene (10.6%) q '
P.lentiscus  leaves Spain (sample 1) a-pinene(11.0%) 27 Res.2003,37, 405—412.
B-myrcene (19.0%) (9) Marone, P.; Bono, L.; Leone, E.; Bona, S.; Carretto, E.; Perversi,
P.lentiscus  unripe fruits  Spain (sample 1) a-pinene (22-0%3 27 L. Bactericidal activity ofPistacia lentiscusnastic gum against
. o . B-myrcene (54.0%) Helicobacter pylori.J. Chemother2001,13, 611—614.
P. lentiscus  ripe fruits Spain (sample 1) a-pinene (11.0%) 27 - . . . : : ; .
B-myrcene (72.0%) (20) M_aglatls, P.; Me_lhou, E.; Sk_a}ltsounls, A L Chlnou,_ I_. B.;
P.lentiscus  galls Spain (sample 2)  B-caryophyllene (13.1%) 34 Mitaku, S. Chemical composition and antimicrobial activity of
o-cadinene (8.1%) the essential oils oPistacia lentiscusvar. chia. Planta Med.
germacrene D (6.8%) 1999,65, 749—752.
o—pinene (4.4%) fn . ; . Al . i
P.lentiscus  aerial parts  Spain (sample 2) -caryophyllene (6.9%) 34 11 Lf?mm’ '? Lhalqull, ‘? Bem”a“’ B.,_Berrada,.l\lll. cljnseCtICIdal
o-cadinene (4.1%) effects of essential oils against Hessian Mayetiola destructor
a—pinene (13.0%) (Say).Field Crops Res2001,71, 9-15.
B -pinene (4.9%) (12) Ansari, S. H. Essential oils d?istacia integerrimagalls and
p-cymene (4.7%) their effect on the central nervous systdnt. J. Pharm.1993,
31, 89-95.

) _ o _ _ ~ (13) Caputo, R.; Lorenzo Mangoni, L.; Monaco, P.; Palumbo, G.
respectively. This observation is also noted in the essential oils Triterpenes from the galls &istacia palaestina. Phytochemistry
of the fruits of P. palaestinabut now with (E)-ocimene and 1979,18, 896—898.

(2)-ocimene. In addition, the formation of galls lentiscus (14) Stenhagen, E.; Abrahamsson, S.; McLafferty, F. WRégistry
causes only quantitative variation of the oil component. The of Mass Spectral Data; Wiley: New York, 1974.

same thing is observed P palaestinaThis observation could (15) Massada Y. Irhnalysis of Essential Oils by Gas Chromatography
justify the adaptation of the insect to the plant and its constituent and Mass Spectrometry; Wiley: New York, 1976.

from the beginning bite and oviposition till the development of ~ (16) Jennings, W.; Shibamoto, T. @ualitative Analysis of Flaor
the winged insects. and Fragrance Volatiles by Glass Capillary Chromatography

; . . . . Academic Press: New York, 1980.
The life cycle ofBaizongia pistaciagL.) is well-known @). (17) Swigar, A. A.; Silverstein, R. M. IfMonoterpenes; Aldrich

In February, the fundatrices 8. pistaciaeappear on the young Chemical Co: Milwaukee. WI. 1981

Ieaves,_ which grow on the_ extremities of the stemsPof (18) Adams, R. P. Indentification of Essential Oil Components by
palaestinaand produce multicolored galls that have the form Gas ChromatographyMass Spectroscopy; Allured: Carol
of carob pods. From June onward, these galls dry and spilt at Stream, IL, 1995,

their distal ends. AWing_ed generation_appears and migrates to (19) Davies, N. W. Gas Chromatographic retention indexes of
the secondary host. A winged generation leaves that secondary monoterpenes and sesquiterpenes on methyl silicon and Carbo-

host at the beginning of winter and oviposits Ristaciaagain wax 20 M phases). Chromatogr.1990, 503, 1—24.

(3). Besides gall formation, the plant reacts to the insect bite, (20) Flamini, G.; Cioni, P. L.; Morelli, |.; Bighelli, A.; Castola, V.;
producing a great amount of essential oil; the yield reaches 2.7%, Casanova, J. GC/MS and 13C-NMR of the essential oils from
whereas in the other parts it was much smaller. Furthermore, leaves, branches and female cone€opressus arizoniciom

the composition of the oil is quite different quantitatively ltaly. J. Essent. Oil Re2003,15, 302—304. _
because of the simultaneous high percentages-pinene, (21) Johnson, C. B.; Kirby, J.; Naxakis, G.; Pearson, S. Substantial

UV-B-mediated induction of essential oils in sweet ba6itic
mum basilicuni.). Phytochemistryi999,51, 507—510.
(22) Loziene, K.; Vaiciuniene, J.; Venskutonis, P. Rhemical

sabinene, and limonene. However, the essential oil components
in galls could have deterrent properties against parasites,
mCIl.Jdmg herbivorous and qmnlvorous .(.)rganlsms, but not composition of the essential oil of different varieties of thyme
against the gall maker species. In_ addition, When galls are (Thymus pulegioidégrowing wild in LithuaniaBiochem. Syst.
opened spontaneously, an oleoresinous exudate is produced Ecol. 2003,31, 249—250.

abundantly. The exposure of this exudate to the air transforms 3y wjockute, D.; Bernotiene, G.; Judzentiene, A. Thecimene

it into a solidified material (resin) that could have a cicatriza.nt chemotype of essential oils of the inflorescences and the leaves
property for the damaged part of the plant, preventing the rotting with stems fromOriganumuulgare ssp.oulgare growing wild
and microbial infection of the plant. in Lithuania.Biochem. Syst. EcoR003,31, 269—278.

(24) Fleisher, Z.; Fleisher, A. Volatiles of the mastic tieistacia
LITERATURE CITED lentiscusL. Aromatic plants of the Holy Land and the Sinai.
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