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Composition of Argan Oil. 
Alaoui A., Charrouf Z., Soufiaoui M., Carbone V., Malorni A., Pizza C. & Piacente 
S. (2002). « Triterpenoid saponins from the shells of Argania spinosa seeds.” J. 
Agric. Food Chem. 31, 4600-4603. Abstract. Two new oleanene saponins were 
isolated from the MeOH extract of the shell of Argania spinosa. They possess 
protobassic acid and 16α-protobassic acid as aglycons. The disaccharide moiety 
linked to C-3 of the aglycon is made up of two glucose units; the pentasaccharide 
moiety linked to C-28 is made up of arabinose, xylose, and three rhamnose units. 
Their structures were elucidated by 1D and 2D NMR experiments including 
1H−1H (DQF-COSY, 1D TOCSY, and 2D HOHAHA) and 1H−13C (HSQC and 
HMBC) spectroscopy along with mass spectrometry.   
 

Brand H. (2002) “The Unsaponifiable Fraction” Soap, Perfumery and Cosmetics 
Sept 2002 p39-44. 
 

Cayuela J.A., Rada M., Pérez-Camino M.C., Benaissa M., Abdelaziz E. & Guinda 
A. (2008) "Characterization of artisanally and semiautomatically extracted argan 
oils from Morocco." European Journal of Lipid Science and Technology 110(12), 
1159-1166. Abstract. The present study was conducted to know the possible 
influence of the seed treatment, method of extraction and geographical origin on 
the quality and chemical composition of argan oil. Artisanally and 
semiautomatically extracted argan oils, from roasted and unroasted seeds, from 
interior and coast areas, were studied. The quality parameters analyzed were 
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acid value, peroxide value, K232 and K270, triacylglycerols and fatty acid 
composition, polar compounds, total phenols, tocopherol content and oil stability 
index (OSI). Seed treatment and extraction method showed a higher influence on 
quality parameters than geographical area; the quality parameters of the different 
oils were discussed. The total phenolic content in all analyzed samples was 
lower than 10 ppm. -Tocopherol was the major tocopherol (84.4-86.4%) with a 
high contribution to the total tocopherol content (383-485 ppm). The OSI of the 
argan oil samples were well correlated (R = 0.97) with the tocopherol contents. 
The argan oil samples obtained from roasted seeds presented higher stability 
(26-38 h) than the oils from unroasted seeds (16-32 h). 
 

Charrouf Z. & Guillaume D. (2007) "Phenols and polyphenols from Argania 
spinosa." American J Food Tech. 2, 679-683. Abstract. Argania spinosa is a tree 
specifically growing in Morocco. Its seeds contain two or three oleaginous 
kernels that are crushed to afford argan oil, an oil of high dietetic value. 
Cardioprotective argan oil properties have been associated with the presence of 
various (poly)phenols within the oil. In addition to tocopherols, caffeic acid, 
oleuropein, vanillic acid, tyrosol and catechol are the main phenols identified so 
far from argan oil. Resorcinol (-)-epicatechin and (+)-catechin are the main 
polyphenols. The full (poly)phenol composition of argan oil and of the different 
parts of the tree, is presently reviewed together with the recent development of 
argan (poly)phenols as cosmetic ingredients. 
 

Charrouf Z., Hilali M., Jauregui O., Soufiaoui M. & Guillaume D. (2007) 
"Separation and characterization of phenolic compounds in argan fruit pulp using 
liquid chromatography–negative electrospray ionization tandem mass 
spectroscopy." Food Chemistry 100(4), 1398-1401. Abstract. Liquid 
chromatography (LC) coupled to negative electrospray ionization (ESI) tandem 
mass spectrometry (MS/MS) was used for the sensitive identification of phenolic 
compounds in argan fruit pulp. Sixteen compounds were identified, mainly 
flavonoid glycosides and flavonoid aglycons. 
 

Charrouf Z. & Guillaume D. (2002) "Secondary metabolites from Argania spinosa 
(L.) Skeels." Phytochemistry Reviews 1(3), 345-354. Abstract. Argania spinosa 
(L.) Skeels is a tree that plays a crucial role in the rural and urban economy of 
Morocco. Not only is the tree used in traditional medicine but its fruits contain 
almonds used to prepare an edible oil, its leaves are utilized to feed cattle, and 
its wood is used as fuel. In addition the tree is particularly well-adapted to arid 
lands and could hence be used to limit the desert progression that is threatening 
subtropical African countries. Consequently a program aimed at a better 
understanding of all the aspects and uses of the argan tree is currently being 
carried out in Morocco. This review summarizes the results gathered so far on 
the phytochemical and pharmacological activity of A. spinosa.    
 

Charrouf Z., Wieruzeski J.M., Fkih-Tétouani S., Leroy Y., Charrouf M.  & Fournet 
B. (1992). “Triterpenoid saponins from Argania spinosa.” Phytochemistry 31, 
2079–2086. Abstract. Five new oleanane saponins named arganine A, B, D, E 
and F and two known saponins: arganine C and mi-saponin A were isolated from 
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the kernel of Argania spinosa. The structures of these saponins were elucidated 
by using 1H NMR, 1H-1H COSY NMR, 13C NMR, FAB mass spectrometry and 
chemical evidence. 
 

Chimi H. (2005) "Comparative preservation: argan oil and olive oil." Cahiers 
Agric. 14(5), 467-71. Abstract. This study compares the stability during storage of 
samples of argan oil (derived from the seeds of Argania spinosa, an evergreen of 
the Sapotaceae family that grows in Morocco) and olive oil, produced by both 
traditional and industrial techniques. Shelf life of these samples was measured 
by peroxide values and formation of conjugated dienes after storage in the dark 
at 35 ± 1°C. Argan oil samples showed more stability than olive oil samples. In 
addition, oil samples extracted traditionally were less stable than those obtained 
by industrial techniques for both types of oil. For oil samples extracted by 
traditional techniques, a peroxide value of 20 meq. O 2/kg and conjugated diene 
levels resulting in absorbance at 270 nm of 0.30, were reached in 99 days for 
olive oil and 200 for argan oil. These values were not obtained for industrial 
samples until 210 and 270 days, respectively. The greater stability of argan oil 
may be due to the activity of natural phenol compounds and tocopherols and to 
factors related to the extraction process. The lower stability of the same oils 
traditionally produced, compared with industrial samples, is related mainly to the 
failure to comply with processing parameters. 
 

Chimi H.R.M., Cillard J. Cillard, P (1988).” Etude de la fraction phenolique des 
huiles d’olive vierge et d’argan du Maroc."  Actes Inst. Agron. Vet. 8, 17-21. 
 

Chimi H., Cillard J. & Cillard P. (1994) "Autoxydation of argan oil Argania spinoza 
L. from Morocco." Sciences des Aliments 14(1), 119 
 

Farines M., Soulier J., Charrouf M. & Cave, A. (1984) "Etude de l’huile des 
graines d’Argania spinosa (L.), Sapotaceae.. II. Sterols, alcools, triterpe´niques et 
me´thylste´rols de l’huile d’argan." Rev. Fr. Corps Gras 31, 443-448. 
 

Farines M., Charrouf M. & Soulier J. (1981). “The sterols of Argania spinosa seed 
oil.” Phytochemistry 20, 2038-2039. 
 

Habibi Y. & Vignon M.R. (2005) "Isolation and characterization of xylans from 
seed pericarp of Argania spinosa fruit." Carbohydrate Research 340(7), 1431-
1436. Abstract. Hemicellulose-type polysaccharides were isolated from the 
pericarp of seeds of Argania spinosa (L.) Skeels fruit by sequential alkaline 
extractions and fractionated by precipitation. Water soluble and water insoluble 
fractions were obtained, purified and characterized by sugar analysis and 1H and 
13C NMR spectroscopy. The water soluble fractions were assumed to be (4-O-
methyl-d-glucurono)-d-xylans, with 4-O-methyl-d-glucopyranosyluronic acid 
groups linked to C-2 of a (1→4)-β-d-xylan. The 1H NMR spectrum showed that 
the water soluble xylans have, on average, one non-reducing terminal residue of 
4-O-methyl-d-glucuronic acid for every seven xylose units. The water insoluble 
fractions consisted of a neutral xylan with linear (1→4)-β-d-xylopyranosyl units. 
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Hilali M., Charrouf Z., El Aziz Soulhi A., Hachimi L. & Guillaume D. (2007) 
"Detection of Argan oil adulteration using quantitative campesterol GC-Analysis" 
JAOCS 84(8), 761-4. Abstract. Detection of edible oil adulteration is of utmost 
important to ensure product quality and customer protection. Campesterol, a 
sterol found in seed oils, represents less than 0.4% of argan oil total sterol 
content. Quantitative analysis of campesterol by gas chromatography of argan oil 
and of a mixture of argan oil and readily commercially available vegetable oils, 
consecutively with sterol separation, was carried out. Our study clearly 
demonstrated that determination of the campesterol level in argan oil (or oil 
presented as argan oil) can be proposed as the major analysis method to assess 
unambiguously argan oil purity up to 98%.  
 

Hilali M., Charrouf Z., El Aziz Soulhi A., Hachimi L. & Guillaume D. (2005) 
“Influence of origin and extraction method on Argan Oil physico-chemical 
characteristics and composition.” J. Agric. Food Chem. 53(6), 2081-7. Abstract. 
Twenty one samples of argan oil of different geographical origin (Tidzi, Tamanar, 
Benaiznassen, Ait mzal, Ait Baha, Ighrem, Aoulouz) and/or prepared following a 
different process (traditional, mechanical, or industrial) were collected and their 
physico-chemical properties analyzed. Sample acidity was found between 0.14 
and 1.40%, unsaponifiable matter between 0.34 and 0.79%, saponification value 
between 180.0 and 199.6, highest peroxide index was 5.72 meq/kg, refractive 
index (20 °C) between 1.4644 and 1.4705, and UV absorption at 270 nm 
between 0.228 and 0.605. This study, carried out on randomly selected samples, 
clearly demonstrates that press extraction does not alter either the chemical 
composition of argan oil or its physico-chemical characteristics. It also 
demonstrates that press extraction respects the critical factors reported for 
traditionally prepared oils and necessary to obtain a beneficial effect on human 
health (a specific fatty acid balance and high tocopherol and sterol levels). In 
addition, this study should be useful for the establishement of a national quality 
standard. 
 

Khallouki F., Spiegelhalder B., Bartsch H. & Owen R.W. (2005) "Secondary 
metabolites of the argan tree (Morocco) may have disease prevention 
properties." African Journal of Biotechnology 4 (5), 381-388. Abstract. The argan 
tree (Argania spinosa L. Skeels) is native to Morocco, where after the Holly oak it 
constitutes the second most common tree in the country. Recent studies suggest 
that dietary argan oil, an endemic seed oil from argan fruits, may have a relevant 
role in disease prevention, and its consumption could protect against 
atherosclerosis and cancer. Unfortunately, in less than a century, more than a 
third of the forest has disappeared. It is therefore imperative to improve the tree's 
production potential so that it can regain its key position in the agricultural 
systems of the region. On the basis of ethnobotanical knowledge, researchers 
are screening metabolites of this rare plant to identify bioactive compounds for 
the development of new therapeutic agents and food supplements. This includes 
studies on secondary metabolites with chemopreventive activities. In this review, 
a complete outline of components (triglycerides, unsaponifiable, phenolic 
antioxidants and aroma constituents) are described. Finally, a discussion of the 
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biological functions of the polar and non-polar A. spinosa products which have 
been evaluated using a range of in vitro bioassays are described. 
 

Khallouki F., Younos C., Soulimani R., Oster T., Charrouf Z., Spieglehalder B., 
Batsch H. & Owen R.W. (2003). “Consumption of argan oil (Morocco) with its 
unique profile of fatty acids, squalene, sterols, tocopherols and phenolic 
antioxidants should confer valuable cancer chemopreventive effects.”. Eur. J. 
Cancer Prev. 12,  67-75. Abstract. The aim of this study was to evaluate the fatty 
acids, tocopherols, squalene, sterols and phenolic antioxidants in three types of 
argan oil (Moroccan food, Moroccan aesthetic and a French commercial variety) 
along with a basic comparison with extra virgin olive and sunflower oil. The fatty 
acid profiles in the argan oils were very similar, with oleic acid (43%) and linoleic 
acid (36%) and their respective monoacylglycerols predominating. The major 
vitamer identified was γ-tocopherol with a mean of 483±11 mg/kg, in contrast to 
α-tocopherol, which is the major vitamer in olive (190±1 mg/kg) and sunflower oil 
(532±6 mg/kg). The squalene content of the argan oils was very similar with a 
mean of 313±4 mg/100 g, which is lower than that of the olive oil (499 mg/100 g) 
but significantly higher than in the sunflower oil (6 mg/100 g). In contrast to olive 
and sunflower oils in which β-sitosterol is predominant, the major sterols detected 
in the argan oils were schottenol (mean 147±10 mg/kg) and spinasterol (mean 
122±10 mg/kg). The only phenolic compounds other than the tocopherol vitamers 
which could be readily detected and quantitated were vanillic, syringic and ferulic 
(probably conjugated to glucose) acids along with tyrosol. In contrast to the extra 
virgin olive oil (793 mg/kg), the concentration of total phenolic compounds is 
extremely low (<5.0 mg/kg). Nevertheless, argan oil with its high content of the 
vitamer γ-tocopherol, squalene and oleic acid is likely to enhance the cancer 
prevention effects of the Moroccan diet. 
 

Khallouki F. (2003). “Ethnobotanical, phytochemical and pharmacological studies 
of 3 African medicinal plants containing potent antiradical principles.” PhD 
Dissertation, University of Metz, Metz, France. 
 

T.J. Lybbert (2007). "Patent disclosure requirements and benefit sharing: A 
counterfactual case of Morocco’s argan oil". Ecological Economics 64, 12–18. 
Abstract. This article uses the seemingly promising case of Morocco's argan oil 
to assess the value of patent disclosure requirements (PDRs) as a policy 
instrument aimed at improving the sharing of biodiversity benefits. After 
introducing the disclosure requirements debate and discussing relevant features 
of the argan oil case, I construct a simple counterfactual by asking: “How would 
PDRs have changed benefit sharing in the argan oil case?” From this case, three 
practical considerations emerge that shed a realistic, if cautious, light on the 
marginal value of PDRs as a benefit sharing mechanism: (1) PDRs require an 
accompanying national biodiversity regime but their relative value is inversely 
proportional to regime strength (2) PDRs should be assessed based on the 
additional compliance incentives they provide and median, not blockbuster, 
patent values and (3) the alternative to no PDRs and no regime is not zero 
benefits. While these considerations are inherently country-specific, PDRs should 
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generally be assessed at the margin rather than in vague conceptual and 
aggregate ways. 
 

Maurin R., Fellat-Zarrouck K. & Ksir M. (1992) "Positional analysis and 
determination of triacylglycerol structure of `Argania spinosa seed oil." JAOCS 
69(2), 141-5. Abstract. The distribution of fatty acids between the sn-1, sn-2 and 
sn-3 positions of triacylglycerols from Argania spinosa seed oil of Morocco has 
been determined. Saturated fatty acids showed a preference for external 
positions. The sn-1 position contained slightly more palmitic acid than the sn-3 
position, whereas stearic acid was preferentially esterified at the sn-3 position. 
Linoleic acid occurred predominantly in the sn-2 position with lesser amount 
evenly distributed between the sn-1 and the sn-3 positions, as generally found in 
vegetable oils. Oleic acid was distributed with a slight preference shown for the 
internal position, whereas the distribution between the external positions 
revealed a slight preference for the sn-1 position. The distribution of the 
triacylglycerols determined from high-performance liquid chromatography (HPLC) 
is at variance with that calculated from the 1-random 2-random 3-random 
distribution theory. This is particularly true for trioleoyl and trilinoleoylglycerols. In 
contrast, the agreement between theory and experiment is good for 
triacylglycerols containing two oleoyl and one linoleoyl chains, one oleoyl, one 
linoleoyl and one palmitoyl chains or one oleoyl, one palmitoyl, and one stearoyl 
chains. 
 

Mouffak R.  (1988) [Characterization of alimentary vegetable oil by their chemical 
composition: case of olive and argan oil] Thesis Institut Agronomique et 
Veterinaire Hassan 2, Rabat (Morocco) July 1988 Abstract. Etude presentant les 
caracteristiques des huiles d'olive et d'argan par leur composition en acides gras 
determinees par chromatographie en phase gazeuse (C.P.G.) ainsi que par leurs 
composes phenoliques determines par colorimetre et par chromatographie 
liquide a haute performance 
 

Rahmani M. (2005) "The chemical composition of “virgin” argan oil." Cahiers 
Agric. 14(5), 461-5. Abstract. The argan tree (Argania spinosa) grows 
endemically in the South-West of Morocco\; its fruits yield an edible oil. Oil 
extraction remains traditional, although some modernization in the process has 
been noticed in recent years. A moroccan standard (N.M. 08.5.090) was 
elaborated in 2003 to define the specifications of “virgin” argan oil. It gives, 
among other things, the qualitative classification of the oil and its chemical 
composition. The oil is of the oleic-linoleic type, with a high content of 
tocopherols (600-900 mg/kg). The sterolic fraction excludes any ∆ 5 sterols\; the 
schottenol represents about 50% of this fraction. The fraction of triterpenic 
alcohols and methylsterols is represented mainly by tirucallol, β-amyrin, and 
butyrospermol. Argan oil has been used for centuries by locals for food and body 
care, and also for the treatment of some pathologies. A better knowledge of its 
biochemical composition is at the origin of a renewed interest for studies about its 
nutritional properties or its cosmetic value.  
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Ray B., Loutelier-Bourhis C., Lange C., Condamine E. Driouich A. & Lerouge P. 
(2004) "Structural investigation of hemicellulosic polysaccharides from Argania 
spinosa: characterisation of a novel xyloglucan motif." Carbohydrate Research 
339(2), 201-208. Abstract. Hemicellulose polymers were isolated from Argania 
spinosa leaf cell walls by sequential extractions with alkali. The structure of the 
two main polymers, xylan and xyloglucan, was investigated by enzyme 
degradation with specific endoglycosidases followed by analysis of the resulting 
fragments by high performance anion exchange chromatography (HPAEC) and 
matrix-assisted laser desorption ionisation-time of flight mass spectrometry 
(MALDI-TOF MS). The results show that A. spinosa xylan is composed of a β-(1 
→ 4)-linked-d-xylopyranose backbone substituted with 4-O-methyl-d-glucuronic 
acid residues. Xyloglucan oligosaccharide subunits were generated by treatment 
with an endo-(1 → 4)-β-d-glucanase of the xyloglucan-rich hemicellulosic 
fractions. MALDI-TOF mass spectra and HPAE-PAD chromatography of the pool 
of endoglucanase-generated xyloglucan oligomers indicated that A. spinosa cell 
wall contains a XXXG-type xyloglucan. In addition to XXXG, XXFG, XLXG/XXLG, 
XLFG fragments previously characterised in various plants, a second group of 
XXXG-type fragments was detected. The primary structure of the major subunit 
was determined by a combination of sugar analysis, methylation analysis, post-
source decay (PSD) fragment analysis of MALDI-TOF MS and 1H NMR 
spectroscopy. This fragment, termed XUFG, contains a novel β-d-Xylp-(1 → 2)-α-
d-Xylp side chain linked to C-6 of the second glucose unit from the nonreducing 
end of the cellotetraose sequence. A novel xyloglucan fragment was isolated 
from Argania spinosa leaf cell walls and characterised by a combination of sugar 
analysis, methylation analysis, post-source decay (PSD) fragment analysis of 
MALDI-TOF MS and 1H NMR spectroscopy. This fragment, termed XUFG, 
contains a novel β-d-Xylp-(1 → 2)-α-d-Xylp side chain linked to C-6 of the second 
glucose unit of the cellotetraose sequence. 
 

Rojas L.B., Quideau S., Pardon P. & Charrouf Z. (2005) "Colorimetric evaluation 
of phenolic content and GC-MS characterization of phenolic composition of 
alimentary and cosmetic Argan oil and press cake." J. Agric. Food Chem. 53, 
9122-9127 Abstract. The global phenolic content of argan oil and press cake 
samples (alimentary and cosmetic) was evaluated using the Folin-Ciocalteu 
colorimetric method and the phenolic composition of argan oil (alimentary and 
cosmetic) and press cake (alimentary) samples were analyzed by GC-MS after 
extraction with 80:20 (v/v) methanol:water and silylation. Identification of 
chromatographic peaks was made by mass selective detection. Nineteen simple 
phenols were detected, 16 in press cake, 6 in the alimentary oil, and 7 in the 
cosmetic oil, among which 15 compounds [3-hydroxypyridine (3-pyridinol), 6-
methyl-3-hydroxypyridine, catechol, resorcinol, 4-hydroxybenzyl alcohol, vanillin, 
4-hydroxyphenylacetic acid, vanillyl alcohol, 3,4-dihydroxybenzyl alcohol, 4-
hydroxy-3-methoxyphenethyl alcohol, methyl 3,4-dihydroxybenzoate, 
hydroxytyrosol, protocatechuic acid, epicatechin, and catechin] were identified for 
the first time in such materials. 
 

Cancer Prevention. 
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Bennani H., Fiet J. & Adlouni A. (2009) "Impact de l’huile d’argan sur le cancer 
de la prostate : étude de l’effet antiprolifératif des polyphénols  [Impact of argan 
oil on prostate cancer Antiproliferative effect study of polyphenols]. Revue 
Francophone des Laboratoires 2009 (416) Suppl. 1, 23-26. Abstract. Diet is one 
of the environmental factors susceptible to develop or reduce the cancer risk. 
Several studies have shown that three cancer types (breast, prostate and 
digestive) can be influenced by diet, especially lipid and antioxidant intake. In this 
field, our study is dedicated to valorise endemic oil from the south eastern of 
Morocco. The chemical composition of Argan oil is composed by 99% glyceridic 
fraction rich in unsaturated fatty acid and by 1% of unsaponifiable fraction 
containing hydrocarbures, carotenes, tocopherols, sterols and polyphenols. The 
objective of our work is ti investigate the effect of polyphenols extracted from 
argan oil on the proliferation of two human epithelial cell lines (PNT1A et PC3) 
and one epithelial cell lines from dog adenocarcinome (DPC1). We have used 
the MTT test for evaluating citotoxicity of these molecules and counting of cell 
nucleus for evaluating the influence of polyphenols on the proliferation of the 
three cell lines. Our results show that the poluphenols of argan oil exert a dose 
dependant antiprroliferative action on PC3 and DPC1 cell lines. However, no 
inhibition effect has been shown on PNT1A cell lines. In conclusion, Argan oil 
could contribute by it rich composition of polyphenols to the prevention of some 
cancers such prostate cancer.   
 

Bennani H., Drissi A., Giton F., Kheuang L., Fiet J. & Adlouni A. (2007) 
"Antiproliferative effect of polyphenols and sterols of virgin argan oil on human 
prostate cancer cell lines." Cancer Detection and Prevention 31(1), 64-69. 
Abstract. Background: The aim of our study has to evaluate the antiproliferative 
effect of polyphenols and sterols extracted from the virgin argan oil on three 
human prostatic cell lines (DU145, LNCaP, and PC3). Methods: Cytotoxicity, 
anti-proliferative effects and nuclear morphological changes of cells were 
analyzed after treatment with sterols and polyphenols. The results were 
compared to 2-methoxyestradiol (2ME2) as positive control. Results: 
Polyphenols and sterols of virgin argan oil and 2ME2 exhibited a dose-response 
cytotoxic effect and antiproliferative action on the three tested cell lines. The 
antiproliferative effect of polyphenols was similar for the DU145 and LNCaP cell 
lines; the GI50 (defined as the concentration inhibiting growth by 50% in 
comparison with the control) was respectively 73 and 70µg/ml. The 
antiproliferative effect of sterols was 46 and 60µg/ml as GI50 for the DU145 and 
LNCaP cell lines. For the PC3 cell line, the best antiproliferative effect was 
obtained by argan sterols with GI50=43µg/ml. On the other hand, the nuclear 
morphology analyses have shown an increased proportion of pro-apoptotic of 
nuclei in LNCaP cell treated with IC50 of polyphenols or sterols compared to 
control cells. Our results show for the first time the antiproliferative and pro-
apoptotic effects of polyphenols and sterols extracted from virgin argan oil and 
confirm the antiproliferative and pro-apoptotic effects of 2ME2 on prostate cancer 
cell lines. Conclusion: These data suggest that argan oil may be interesting in the 
development of new strategies for prostate cancer prevention. 
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Drissi A., Bennani H., Giton F., Charrouf Z., Fiet J. & Adlouni A. (2006) 
"Tocopherols and saponins derived from Argania spinosa exert, an 
antiproliferative effect on human prostate cancer." Cancer Investigation 24(6), 
588-592. Abstract. The aim of our study is to evaluate the antiproliferative effect 
of tocopherols obtained from alimentary virgin argan oil extracted from the 
endemic argan tree of Morocco and of saponins extracted from argan press cake 
on three human prostatic cell lines (DU145, LNCaP, and PC3). The results were 
compared to 2-methoxyestradiol as antiproliferative drug candidates. Cytotoxicity 
and antiproliferative effects were investigated after cells' treatment with 
tocopherols and saponins compared to 2-Methoxyoestradiol as the positive 
control. Tocopherols and saponins extracted from argan tree and 2-
methoxyestradiol exhibit a dose-response cytotoxic effect and an antiproliferative 
action on the tested cell lines. The best antiproliferative effect of tocopherols is 
obtained with DU145 and LNCaP cell lines (28 µg/ml and 32 µg/ml, respectively, 
as GI50). The saponins fraction displayed the best antiproliferative effect on the 
PC3 cell line with 18 µg/ml as GI50. Our results confirm the antiproliferative effect 
of 2-methoxyestradiol and show for the first time the antiproliferative effect of 
tocopherols and saponins extracted from the argan tree on hormone-dependent 
and hormone-independent prostate cancer cell lines. These data suggest that 
argan oil is of potential interest in developing new strategies for prostate cancer 
prevention. 
 

Khallouki F., Younos C., Soulimani R., Oster T., Charrouf Z., Spiegelhalder  B., 
Bartsch H. & Owen R.W. (2003) "Consumption of argan oil (Morocco) with its 
unique profile of fatty acids, tocopherols, squalene, sterols and phenolic 
compounds should confer valuable cancer chemopreventive effects." European j 
of Cancer Prevention 12(1), 67-75. Abstract. The aim of this study was to 
evaluate the fatty acids, tocopherols, squalene, sterols and phenolic antioxidants 
in three types of argan oil (Moroccan food, Moroccan aesthetic and a French 
commercial variety) along with a basic comparison with extra virgin olive and 
sunflower oil. The fatty acid profiles in the argan oils were very similar, with oleic 
acid (43%) and linoleic acid (36%) and their respective monoacylglycerols 
predominating. The major vitamer identified was γ-tocopherol with a mean of 
483±11 mg/kg, in contrast to α-tocopherol, which is the major vitamer in olive 
(190±1 mg/kg) and sunflower oil (532±6 mg/kg). The squalene content of the 
argan oils was very similar with a mean of 313±4 mg/100 g, which is lower than 
that of the olive oil (499 mg/100 g) but significantly higher than in the sunflower 
oil (6 mg/100 g). In contrast to olive and sunflower oils in which β-sitosterol is 
predominant, the major sterols detected in the argan oils were schottenol (mean 
147±10 mg/kg) and spinasterol (mean 122±10 mg/kg). The only phenolic 
compounds other than the tocopherol vitamers which could be readily detected 
and quantitated were vanillic, syringic and ferulic (probably conjugated to 
glucose) acids along with tyrosol. In contrast to the extra virgin olive oil (793 
mg/kg), the concentration of total phenolic compounds is extremely low (<5.0 
mg/kg). Nevertheless, argan oil with its high content of the vitamer γ-tocopherol, 
squalene and oleic acid is likely to enhance the cancer prevention effects of the 
Moroccan diet.  
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Ecology, Conservation & Economic Importance. 
Alouani M. (1997) Contribution a l’elaboration d’un protocol de production de 
plantsd’arganier en pepiniere. Thesis, Université Ibnou Zohr, Agadir, Morocco. 
 

Bani-Aameur F. & Sipple-Michmerhuizen J. (2001) "Germination and seedling 
survival of Argan (Argania spinosa) under experimental saline conditions." 
Journal of Arid Environments 49(3),533-540. Abstract. Solutions of NaCl at 
various concentrations (0, 2·5, 5, 7·5 and 10 gl−1) were used to treat argan 
(Argania spinosa (L.) Skeels) at germination and as container-grown seedlings. 
We assessed germination percentage, radicle length and dry weight as well as 
seedling survival and number of days before seedling collapse. Increasing salt 
concentration did not delay the beginning of germination but it lowered the 
germination rate and reduced the final germination percentage. At the seedling 
stage, increasing salinity levels resulted in decreasing growth, increasing ionic 
toxicity symptoms and reduced survival as compared to the control. Argan did 
not behave as a salt-tolerant species showing damage at as low as 2·5 gl−1, the 
upper limit for survival being 7·5 gl−1. However the effect mother-tree was highly 
significant indicating that much selective potential is probably available for 
breeding for salt tolerance within natural argan populations.    
 

Bani-Aameur F. (1997) "L’Arganier: Un Candidat à la Domestication", Working 
paper, Laboratoire de Recherche sur la Variabilité Génétique, Université Ibnou 
Zohr,  Agadir. 
 

Barrett C.B. & Lybbert T.J. (2000) "Is bioprospecting a viable strategy for 
conserving tropical ecosystems?" Ecological Economics 34(3), 293-300. 
Abstract. Market-based approaches to biodiversity conservation gained 
popularity in the 1990s. the success of these strategies hinges on, first, the 
successful creation or expansion of target markets and, second, the beneficial 
involvement of local stakeholders in these markets so that improved incentives 
induce conservation. This paper evaluates these two key elements in the case of 
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for thousands of years, but modern developments have destroyed or damaged 
much of it, especially in the lowlands. The author, who worked in the region for 
three years, is alarmed at the rapidly increasing destruction. He makes a plea for 
effective protection of the remaining argan forest and for a plan for its sustainable 
exploitation. 
 

Mohammed G. (1981). Etude experimentale sur la germination des semences de 
l’arganier, Thesis, Institute Agronomique et Veterinaire-Hassan II, Agadir, 
Morocco 
 

Montague-Jones G. (2007) "Moroccan argan oil cosmetics bound for 
international markets." Cosmetics Design-Europe 27.07.2007. Cropwatch 
comments: Trade-based promotional article for Marrakech-based Kaeline 
company which produces a range of skin care products containing argan oil. 
Jackie Miles founder of Xandra Renouvelle which sells Kaeline products is 
reported as saying that by selling Kaeline's products in the US it is fighting female 
poverty and destitution in Morocco. See Nouaim et al. (2002) and articles by 
Lybbert et al. (2002) above for a contrary view.  . 
 

El Mousadik A. & Petit R.J. (1996) "High level of genetic differentiation for allelic 
richness among populations of the argan tree [Argania spinosa (L.) Skeels] 
endemic to Morocco." Theoretical & Applied Genetics 92(7), 832-9. Abstract. 
Genetic diversity at nine isozyme loci was surveyed in an endangered tree 
species, the argan tree, endemic to south-western Morocco. The species is 
highly diverse (3.6 alleles/locus) with populations strongly differentiated from 



 14 
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cottonseed oils in deep-fat frying. The aroma, flavour, oxidative stability and the 
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cholesterol efflux. By measuring the formation of malondialdehyde (MDA) and 
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independently of ABCA1 receptor pathways. Our findings suggest that argania 
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Incubation of HDL with VAO-PE significantly increased the fluidity of the HDL 
phospholipidic bilayer (P=0.0004) and HDL-mediated cholesterol efflux from 
THP-1 macrophages. These results suggest that Virgin argan oil provides a 
source of dietary phenolic antioxidants, which prevent cardiovascular diseases 
by inhibiting LDL-oxidation and enhancing reverse cholesterol transport. These 
properties increase the anti-atherogenic potential of HDL. 
 

Berrougui H., Alvarez de Sotomayor M., Pérez-Guerrero, Ettaib A., Hmamouchi 
M., Marhuenda E. & Dolores Herrera M. (2004) "Argan (Argania spinosa) oil 
lowers blood pressure and improves endothelial dysfunction in spontaneously 
hypertensive rats.” British Journal of Nutrition, 92, 921-929. Abstract. 
Traditionally hand-pressed argan oil, obtained from Argania spinosa seeds, is 
eaten raw in south-west Morocco; its rich composition of tocopherols, MUFA and 
PUFA make a study of its actions on risk factors for CVD, such as hypertension, 
interesting. The effects of 7 weeks of treatment with argan oil (10ml/kg) on the 
blood pressure and endothelial function of spontaneously hypertensive rats 
(SHR) and normotensive Wistar–Kyoto rats were investigated. Systolic blood 
pressure and heart rate were measured every week by the tail-cuff method and 
endothelial function was assessed by carbachol (10−8 to 10−4m)-induced 
relaxations of aortic rings and small mesenteric arteries pre-contracted with 
phenylephrine. Argan-oil administration reduced the mean blood pressure of 
SHR after the fifth week of treatment (P<0·05) and increased (P<0·01) the 
endothelial responses of arteries from SHR. The NO synthase inhibitor, l-N-ω-
nitroarginine (3×10−5m) revealed a greater participation of NO in the relaxant 
effect after the treatment. When cyclooxygenase (COX) was blocked with 
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indomethacin (10−5m), an involvement of COX products in the endothelium-
dependent response was characterized. Enzyme immunoassay of thromboxane 
B2 showed a significant decrease (P<0·05) in the release of thromboxane A2 in 
both aorta and small mesenteric artery after argan-oil treatment of SHR. 
Experiments in the presence of the thromboxane A2–prostaglandin H2 receptor 
antagonist ICI 192, 605 (10−5m) confirmed this result. Results after incubation 
with the antioxidants superoxide dismutase and catalase suggested that a 
decreased oxidative stress might contribute to explain the beneficial effects of 
argan-oil treatment.  
 

Berrougui H., Ettaib A., Herrera Gonzalez M.D., Alvarez de Sotomayor M., 
Bennani-Kabchi N. & Hmamouchi M. (2003) "Hypolipidemic and 
hypocholesterolemic effect of argan oil (Argania spinosa L.) in Meriones shawi 
rats." J. of Ethnopharmacology 99(1), 15-18. Abstract. The potential health 
benefits of various dietary oils in relation to cardiovascular disease and cancer 
are recently receiving considerable attention. The main proposal of this study is 
to investigate the effect of dietary argan oil, obtained from seeds of Argania 
spinosa L. (Sapotaceae) endemic from Morocco, on serum lipids composition. 
Hyperlipidemia was induced by high calorie and cholesterol (HCC) diet 
administration in 16 rats (Meriones shawi, a rodent of the Gerbillideae family). 
Eight rats were treated with argan oil (1 ml/100 g weight) daily by oral route 
during 7 weeks (treated group). Control animals were also fed with HCC diet for 
7 weeks. After 7-week treatment with argan oil, blood lipoproteins were 
significantly reduced. Total cholesterol decreased with 36.67% (P<0.01), low 
density lipoprotein (LDL)-cholesterol in 67.70% (P<0.001), triglycerides in 
30.67% (P<0.05) and body weight in 12.7% (P<0.05). High density lipoprotein 
(HDL)-cholesterol concentration remained unaltered. These results indicate the 
beneficial effect of argan oil in the treatment of the hyperlipidemia and 
hypercholesterolemia. This effect will be related with the polyunsaturated fatty 
acids and other constituents of studied oil. 
 

Cherki M., Berrougui H., Drissi A., Adlouni A. & Khalil A. (2006) "Argan oil: Which 
benefits on cardiovascular diseases?" Pharmacological Research 54(1),1-5. 
Abstract. Aim  The argan oil, extracted from argan-tree fruits, has been known for 
its various pharmacological properties and used as a natural remedy since 
several centuries. In this review, we present a summary of the results obtained 
from a survey of the literature on argan oil. Data synthesis Various studies 
conducted in vitro or on human and animal models suggest that argan oil could 
play a beneficial role in cardiovascular diseases prevention and its consumption 
could protect against atherosclerosis and cancer via a variety of biological 
mechanisms. Conclusion Argan oil reduces cardiovascular risk and may be used 
as anti-atherogenic oil. 
 

Cherki M., Drissi A., Derouiche A., El Messal M., Bamou Y., Idrissi-Oudghiri A., 
Khalil A. & Adlouni A. (2003). “Influence of argan oil administration on lipid 
peroxidation and paraoxonase activities in healthy Moroccan men.” 
Atherosclerosis Supplements 4 2, 282. Abstract.. Background and aim. Due to its 
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high antioxidant and mono- and polyunsaturated fatty acid content virgin argan 
oil (VAO) could play a beneficial role in cardiovascular prevention. We were 
therefore interested in determining whether the consumption of VAO could 
improve plasma paraoxonase (PON1) activities and antioxidant status in healthy 
men. Methods and results. Sixty young men were included in this interventional 
study. They were given a controlled diet for 2 weeks as baseline and then 
received 25g/day of butter. The group was randomised to two diet group periods 
of 3 weeks each. The VAO group received 25ml/day of oil and the extra virgin 
olive oil (EVO) group received the same quantity of EVO as control group. 
Plasma PON1 activities, antioxidant vitamins and LDL susceptibility to oxidation 
were measured. The analysis of the results shows that PON1 activities increase 
significantly in both groups and that lipoperoxides and conjugated dienes 
formation decreases significantly in VAO and EVO groups compared to baseline 
values (P=0.001 and P=0.014, respectively). Vitamin E concentration increases 
significantly only in VAO group (P=0.007). Susceptibility of LDL to lipid 
peroxidation shows a significant increase in lag phase and a significant decrease 
in maximum diene production in VAO (P=0.005) and EVO groups (P=0.041 and 
P=0.005, respectively). ConclusionsOur findings confirm the beneficial effect of 
EVO on plasma antioxidant status and show for the first time the same effect for 
VAO supplementation in man. Thus, VAO offers an additional natural food 
supplement to reduce cardiovascular risk. 
 

Derouiche A., Cherki M., Drissi A., Bamou Y., El Messal M., Idrissi-Oudghiri A.,  
Lecerf J.M. & Adlouni A. (2005) "Nutritional intervention study with Argan oil in 
man: Effects on lipids and aapolipoproteins." Ann Nutr Metab 49, 196–201. 
Abstract. Aim: To evaluate whether the consumption of virgin argan oil (VAO) is 
associated with a change in serum lipids and reduces the risk of cardiovascular 
disease in healthy Moroccans. Methods: Sixty volunteers consumed butter (25 
g/day) during 2 weeks (stabilization period) and were randomly divided into two 
groups: the treatment group received 25 g/day of VAO during 3 weeks 
(intervention period), and the control group received 25 g/day of extra virgin olive 
oil (EVO). Throughout the study, weight, blood pressure, and daily food intake 
were measured. Serum total cholesterol and low- and high-density lipoprotein 
cholesterol, triglycerides, and apolipoproteins A-I and B were measured at the 
end of each diet period. Results: Analysis of food intake showed that the daily 
diet is isocaloric for the butter regimen (2,537 8 244 kcal/ day) as well as for the 
VAO and EVO regimens (2,561 8 246 and 2,560 8 253 kcal/day, respectively). 
Analysis of the lipid intake showed a reduction in saturated fatty acids with VAO 
and EVO regimens (27 8 1.4 and 26.4 8 3.4%, respectively) as compared with 
the stabilization period (41.6 8 2.4%). The analysis of serum lipids showed a 
signifi cant increase in high-density lipoprotein cholesterol and apolipoprotein A-I 
in both VAO group (8.4%, p = 0.012, and 5.2%, p = 0.027, respectively) and EVO 
group (17.3%, p = 0.001, and 5.9%, p = 0.036, respectively). However, low-
density lipoprotein cholesterol and apolipoprotein B (13.8%, p = 0.037, and 7.8%, 
p = 0.039, respectively) decreased signifi cantly only in EVO group as compared 
with the stabilization period, while triglycerides decreased signifi cantly by 17.5% 
(p = 0.039) only in VAO group. Conclusion: These results confirm the cholesterol-
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lowering effect of EVO and show for the first time the triglyceride-lowering effect 
of VAO in men.   
 

Drissi A., Girona J., Cherki M., Godàs G., Derouiche A, Messal M., Saile R., 
Kettani A., Solà R. & Masana L. (2004) "Evidence of hypolipemiant and 
antioxidant properties of argan oil derived from the argan tree (Argania spinosa). 
Clinical Nutrition 23(5), 1159-1166. Abstract. Background: Virgin argan oil is of 
interest in cardiovascular risk prevention due to its fat composition and 
antioxidant compounds. Aims: We investigated with Moroccan subjects the effect 
of regular virgin argan oil consumption on lipid profile and antioxidant status and 
the in vitro effect of argan oil minor compounds (tocopherols, sterols and 
polyphenols) on LDL peroxidation. Design: Healthy subjects (20 men, 76 women) 
were studied. Sixty-two were regular consumers of argan oil and 34 were non-
consumers. Methods: Fasting plasma lipids, antioxidant vitamins and LDL 
oxidation susceptibility were analyzed. In vitro LDL oxidation by phenolic and 
apolar compounds of virgin argan oil were performed. Results: Diet composition 
of argan oil consumers has a higher significant content of polyunsaturated fatty 
acids than that of non-consumers (8.8±1.0 vs. 6.6±0.9g, P<0.05). Subjects 
consuming argan oil have lower levels of plasma LDL cholesterol (12.7%, 
P<0.05) and Lp(a) (25.3%, P<0.05) compared with the non-consumers. In argan 
oil consumers, plasma lipoperoxides were lower (58.3%, P<0.01) and molar ratio 
α-tocopherol/total cholesterol (21.6%, P<0.05) and α-tocopherol concentration 
(13.4%, P<0.05) were higher compared with the non-consumers group. In spite 
of higher levels of plasma antioxidant and lower levels of lipoperoxides in argan 
oil consumers, LDL oxidation susceptibility remained fairly similar. A strong 
positive correlation was observed between increasing phenolic extract, sterol and 
tocopherol concentrations and the LDL-Lag phase (P<0.05). Conclusions: Our 
findings suggest for the first time that regular consumption of virgin argan oil 
induces a lowering of LDL cholesterol and has antioxidant properties. This oil 
offers an additional natural food to reducing cardiovascular risk. 
 

Charrouf Z. & Guillaume D. (1999) "Ethnoeconomical, ethnomedical, and 
phytochemical study of Argania spinosa (L.) Skeels." Journal of 
Ethnopharmacology 67(1), 7-14. Abstract. Populations of the South-western part 
of Morocco traditionally use the fruits of Argania spinosa (L.) Skeels to prepare 
an edible oil whose obtainment furnishes, as side product, a cake used to feed 
the cattle and complemented the forage furnished by the leaves and fruits of this 
same plant. However, the wood of A. spinosa is also used for fuel and the 
subsequent induced deforestation is nowadays accelerated since populations are 
generally eager to replace argan-groves by cultures of higher and immediate 
benefits. Recently, argan tree, that is particularly well adapted to grow in arid 
lands, has been proposed by several agencies to slow down the desert progress 
in Northern Africa. In order to promote argan tree reintroduction by the South-
western Morocco dwellers, a program aimed to increase the industrial value of A. 
spinosa is currently carried out in Morocco. A phytochemical study is included in 
this program. Traditional knowledge as well as the most recent results 
concerning A. spinosa are described in this review.   
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Mekhfi H., Gadi D., Bnouham M., Ziyyat A., Legssyer A., Aziz M. (2008) "Effect of 
Argan oil on platelet aggregation and bleeding time: A beneficial nutritional 
property." J of Complementary & Integrative Medicine 5(1). Abstract. Platelet 
hyperactivity is one of the most important factors responsible for thrombosis and 
incidence of cardiovascular diseases. In this study, we investigated the effect of 
argan oil (0.2, 0.5, 1 and 2 %) on blood platelet aggregation (in vitro and ex vivo) 
and on tail bleeding time (in vivo) on rats. The in vitro aggregation was monitored 
after pre-incubation of platelets with argan oil for one minute. The in vivo 
bleeding time and ex vivo aggregation were performed after 4 weeks of oral 
treatment (10 ml/Kg/day). Argan oil was found to possess a maximum inhibition 
of the in vitro (46.4±4.3 %) and ex vivo platelet aggregation induced by different 
agonists (43.4±5.51 %). The ex vivo aggregation inhibition was not accompanied 
by a change in the platelets amount, neither in the bleeding time (5.5±0.3 min). 
These results suggest that argan oil may probably act directly on the common 
and an ultimate step of aggregation: attachment of fibrinogen to GpIIb/IIIa platelet 
receptors without affecting platelet adhesiveness to the vascular endothelium. 
These findings give evidence that the dietary intake of argan oil may be 
beneficial in the normalization of platelet hyperactivation and in the nutritional 
prevention of cardiovascular diseases. 
 

Samane S., Noël J., Charrouf Z., Amarouch H. & Haddad P.S. (2006) "Insulin-
sensitizing and anti-proliferative effects of Argania spinosa seed extracts". 
Evidence-based Complimentary & Alternative Medicine 3(3), 317-327. Abstract. 
Argania spinosa is an evergreen tree endemic of southwestern Morocco. Many 
preparations have been used in traditional Moroccan medicine for centuries to 
treat several illnesses including diabetes. However, scientific evidence 
supporting these actions is lacking. Therefore, we prepared various extracts of 
the argan fruit, namely keel, cake and argan oil extracts, which we tested in the 
HTC hepatoma cell line for their potential to affect cellular insulin responses. Cell 
viability was measured by Trypan Blue exclusion and the response to insulin 
evaluated by the activation of the extracellular regulated kinase (ERK1/2), ERK 
kinase (MEK1/2) and protein kinase B (PKB/Akt) signaling components. None of 
the extracts demonstrated significant cytotoxic activity. Certain extracts 
demonstrated a bi-phasic effect on ERK1/2 activation; low doses of the extract 
slightly increased ERK1/2 activation in response to insulin, whereas higher doses 
completely abolished the response. In contrast, none of the extracts had any 
significant effect on MEK whereas only a cake saponin subfraction enhanced 
insulin-induced PKB/Akt activation. The specific action of argan oil extracts on 
ERK1/2 activation made us consider an anti-proliferative action. We have thus 
tested other transformed cell lines (HT-1080 and MSV-MDCK-INV cells) and 
found similar results. Inhibition of ERK1/2 activation was also associated with 
decreased DNA synthesis as evidenced by [3H]thymidine incorporation 
experiments. These results suggest that the products of Argania spinosa may 
provide a new therapeutic avenue against proliferative diseases. 
 
Safety. 
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Astier C., El Alaoui Y., Benchad, Moneret-Vautrin D.-A., Bihain B.E. & Kanny G. 
(2009) "Anaphylaxis to argan oil" Allergy 2009. 


