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Abstract

:

Pistacia atlantica Desf. (Atlas pistachio) is one of the most widely distributed wild species of the genus. It is an Irano–Touranian species with a large geographic area that extends from the Canary Islands to Pamir Mountains. Since ancient times, atlas pistachio gum-like resin and fruits, very rich in essential oils (EOs) and fixed oils (FOs), respectively, were used in traditional medicine and included in different traditional cosmetics and health and beauty products. Since then, Atlas pistachio fixed oil is incorporated into several soaps, creams and shampoos to benefit from its medicinal properties. Atlas pistachio fixed oils, resin and leaf essential oils are constituted by several bioactive compounds such as monoterpenes with α-pinene and β-pinene in the resin, terpinen-4-ol, elemol, sesquiterpenes with D-germacrene and E-caryophyllene in the leaves and oxygenated monoterpenes (bornyl acetate) in the fruits. The unsaturated fatty acids (oleic, linoleic, palmitic and stearic acid), sterols (β-sitostero) and tocopherols represented the principal compounds in fatty oil fruits. All these compounds exhibit great therapeutic and cosmetic virtues. Unlike lentisk oil uses in cosmetology, the cosmetic potentials of Atlas pistachio oils remain less valued. In the current review, we seek to highlight the characteristics and properties of Atlas pistachio oils in the prospects of the development of new and different cosmetic formulations as well as an innovative valuation of active ingredients and products inspired by indigenous knowledge and practices.
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1. Introduction


When Aristotle gave the living creature’s classification using ‘the soul’ as a ‘principal’, he put human beings in a unique class based on their ‘rational soul’. Aristotle (De Anima, III,7431b, 14–17) considers that this soul enables the human to have a manner of perception of ‘images’. He continues and cites that “…whenever it affirms or denies that something is good or bad, it pursues or avoids. Consequently, the soul never thinks without an image…”. So, man is that creature who thinks, describes, distinguishes, and gives values. Among these values, we cite ‘beauty’. The ‘beauty’ is the one which has from ancient times interested and fascinated man leading him to continuously look for products and rituals to take care of external body appearance but also for his wellbeing and welfare. Five thousands years earlier, the Egyptians, Sumerians, Assyrians and Babylonians used mud, plasters, ointments and plants in their spiritual rituals and personal grooming. Many Artifacts from these civilisations attest to this such as mirrors, cosmetic jars, combs, hairbrushes, and toothbrushes [1].



In 7000 BC, beauty and health-care products such as pomades and oils based on animal and vegetable fats were already in use in Kish and Mesopotamia, although seed pressing and nut oils extraction had not yet begun [2]. Scented products and fragrances would have been elaborated using oil and fat bases. The fragrance industry was well developed in Egypt, Mesopotamia, Crete and mainland Greece [3]. Since then, this know-how has spread throughout the world, giving a great interest to the content and the container. In fact, the art of fragrance has always kept a great place. The containers were in glass, bronze, lead, or precious metals such as silver and gold. The flakes could be, therefore, decorated with precious gemstones (Figure 1).



The fragrance was obtained by the maceration of flowers, spices, barks, woods, and resins in oils. One of the oldest species used in healthcare products belongs to the genus Pistacia. It is assumed that resin obtained from several Pistacia species primarily from P. atlantica and P. lentiscus (Anacardiaceae) was the first natural chewing gum of the ancient world. Pistachio resin was known for its distinguishing flavour and therapeutic properties and was used subsequently to clean the teeth and freshen the breath [4]. Since the ancient Egyptian dynasties, Pistachio resin was a key ingredient in body-care practices and the mummification process and rituals. Several scientific analyses of pigments from ancient Egyptian tomb walls and funerary items showed a predominant presence of pistachio resin [5,6,7]. Brettell et al. [8] showed that resinous substances obtained from pistachio species were highly prized in the ancient world for use in Roman mortuary practices in acting to disguise the odour of decomposition. Wherever pistachio species occur, their fruits are appreciated mainly by the rural population for human consumption because of their oleaginous exocarp while the fatty oils are used either for consumption or traditional cosmetic recipes. The leaves are used principally for their medicinal virtues while young and fresh ones could be added to some traditional culinary preparations such as salads and bread [9]. In Palestine and some regions in Algeria, the fruits are crushed and added to the bread dough to give it an exceptional flavour [9].



Pistacia is not the only Anacardiaceae member known for exhibiting substances with cosmetic potentials; Anacardium species, mainly A. humile (monkey nut), A. occidentale (cashew tree) and A. nanum, Rhus species, the Burmese lacquer tree (Gluta usitata), Mangifera indica and several other members present advanced active ingredients for the pharmaceutical and cosmetic industries [10]. Bennett [11] placed the Anacardiaceae within the top 25 plant families of high economic importance.



In the current review, we attempt to expose Pistacia atlantica essential and fixed oil potentials in modern cosmetics but also to highlight craft use and traditional practices of this species with high patrimonial values.




2. Botanical Description and Variability of P. atlantica


One of the most widely distributed wild species of the genus, Pistacia atlantica Desf. is an Irano–Touranian species which occurs from the Canary Islands to Pamir Mountains [12]. In this large area, P. atlantica is known under several local names. It is called in the Arabic area (El bottom, btom, bettam, battach or botma for an individual tree) [13,14,15]. It is called by the Amazighs of the Maghreb (iggt, iqq, idj, tismelelt and tesemhalt [13,14], while it is named (Baneh) in persian, (Wana, Gwan, and Kasore) in different local dialects in Pakistan, (melengiç or atlantik sakizi) in Turkish, (Treminthos) in Italian [16], (Almácigo de Canarias) or (Lengua de oveja) in Spanish [17]. Atlas pistachio trees are strong and vigorous (Figure 2), characterized mainly by their dense foliage although the leaves are deciduous. The leaves are used by rural populations for dyeing textiles and to give a durable colouration, principally in traditional medicine [9,15,18]. In fact, the leaves are a rich source of bioactive compounds which interested researchers in several studies in the field of pharmacology.



Pistaciaatlantica is very variable, with three subspecies (P. atlantica subsp. cabulica, P. atlantica subsp. mutica, and P. atlantica subsp. atlantica) qualified as eco-geographical ecotypes [19,20]. We don’t cite here (P. atlantica subsp. kurdica) since this subspecies was elevated to the species level and is considered a distinct species [21]. Additionally, the variability is not observed only at the subspecies level but also between the different populations of the same subspecies. Moreover, the variability doesn’t concern only the morphological features [22] but also the chemical profile of leaf essential oils, oleoresin, fatty oils and their potential biological activities [23,24,25,26,27,28,29,30,31].



The morphological variability concerns the habitus, the leaves, the trunk and the fruits [12,22,32,33,34,35,36]. Furthermore, several studies on micro-morphological variability have been also undertaken [37,38,39,40] revealing an interesting micro-feature variability.



The leaves are spectacularly variable (Figure 3) [22,34,36] causing difficulties, principally to sometimes distinguish the three subspecies. In North Africa, this variability induced for a long time hypotheses [12,35,41] that more than one subspecies may occur in the region until the study undertaken by El Zerey-Belaskri [15] on the diversity of P. atlantica subsp. atlantica in Algeria, stating that the great morphological variability is mainly due to ecological, chemical and genetic factors and that P.atlantica is represented in Algeria by the only subspecies P. atlantica subsp. atlantica. The following botanical description can be found in the literature: the leaves are pinnate, oval glabrous almost sessile and dark green with seven to nine lance-shaped leaflets waxy impair-pinnate with petioles a little winged. While El Zerey-Belaskri and Benhassaini [36] updated the P. atlantica subsp. atlantica key describing more morphometric and morphological traits and new features; new leaf and leaflet shapes and new features have been observed (up to 18 leaflets, up to 24.5 cm leaf length, up to 21.9 cm leaf width). The terminal leaflet may be petiolulated [36]. According to this updated key, the leaves, reaching 24.5 cm long and 21.9 cm wide, are composed of one to nine leaflet pairs, imparipinnate, deciduous, leaf rachis winged. being sometimes paripinnate by losing the terminal or the pre-terminal leaflet. Leaflets (1–) 2–8 (−9) pairs; lanceolate, oval, elliptic, oblong, rhomboid, obovate, (falciform); obtuse, acute, acuminate, mucronated, emarginate, rounded, retuse, and attenuate apex leaflet. The terminal leaflet is sessile or petiolulated (0.1–3.4 cm long) [36].



Likewise, the fruits are slightly variable. They (Figure 4a,b) are small (≤0.8/0.7 cm) with thin and oleaginous exocarp, and with a syncarp drupe, ovoid or ovoid-globose with an osseous endocarp of a green to dark green–blue or black colour when ripe [22,35,42,43]. The fruits are called by several vernacular names. In Algeria, they are called “Goddim” because of the hardness of their endocarp requiring strength to break them with teeth [15] and also “el khodiri” [35] because of their colour (from akhdar, green in Arabic). In other regions in Algeria, when the fruits are present in two colours (green and black), the rural people call the green ones “el khoddir” (from akhdar, in Arabic) and the black ones “el ko’hhil” (from ak’hal), black in Arabic [15]. Yaaqobi et al. [44] reported that the Atlas pistachio fruit is called ‘Tikouaoueche’ (an Amazigh noun) in Morocco. The fruit is edible and used traditionally in many recipes bringing power mainly because of its energetic fatty oil [45,46,47]. Belyagoubi-Benhammou et al. [48], evaluated the antioxidant activity of the flavonoid fractions of Pistacia atlantica fruit, stating that the fruits could be used as a source of natural antioxidants in food and pharmaceutical industries.




3. Potential Use of Pistacia atlantica Essential Oils (EOs) in Cosmetics


Essential oil, also defined as essence, volatile oil, etheric oil or aetheroleum, is a complex mixture of volatile constituents biosynthesised by living organisms [49]. If higher plants are the best-known and most important source of essential oils, some mosses, liverworts, seaweeds and some terrestrial and marine animals (sponges), insects, fungi, and microorganisms are also known to biosynthesise volatile compounds [50,51,52]. Interestingly, essential oils are added to cosmetics formulations for their pleasant aroma but principally for their valuable biological activities including anti-pathophysiological activity.



3.1. Chemical Composition and Variability


The volatile compounds of P. atlantica were investigated in the large area where the Atlas pistachio occurs, showing great variability in the chemical composition. Although the essential oil yield (Figure 5a) is quantitatively less important, regarding other aromatic plants, several chemical analyses were interested in this secondary compound present in mostly all the plant organs. In fact, P. atlantica EOs were found in ripe and unripe fruits [23], leaf-buds [24], twigs, flower galls [53,54] and in the resin, called consequently oleresin [23,55,56] (Figure 4c), nevertheless, the leaf essential oils remain the most targeted. Moreover, the leaf EO composition is characterized by high variability.



Pistacia atlantica subsp. atlantica, is the only representative subspecies in the Maghreb, however, it occurs from the Canary Islands to Palestine, Syria, Jordan, Lebanon and Turkey in the Asian area [57]. It is “a characteristic tree” of the Saharan desert landscape in Algeria [58], and possesses a special consideration for people of all its distribution area [9]. This subspecies is the most studied regarding the essential oil compositions and biological activities, followed by Pistacia atlantica subsp. mutica (from Crimea, Turkey, Iran and the Caucus). Pistacia atlantica subsp. cabulica (from Afghanistan, Pakistan, and Iran) is not clearly mentioned in the chemical studies, nevertheless, it may be studied but cited as Pistacia atlantica without any precision of the subspecies. Pistacia atlantica subsp. Kurdica is not considered in the current review since, as noted below, it is elevated at the species level for P. eurycarpa as a specific name [21].



Pistacia atlantica subsp. atlantica leaf EOs from Algeria and Morocco have been deeply analysed, recording differently in α-pinene, terpinen-4-ol, germacrene D, E-caryophyllene, δ-3-carene, α-terpineol, γ-gurjunene/spathulenol/α-phellandrene as major compounds in several studies investigating seasonal, tree-sex and ecological variability factors [23,25,26,28,29,30,54,59]. Benhassaini et al. [56] analysed the chemical composition of the oleoresin, which was found to be dominated by α-pinene, β-pinene and carvacrol. Bornyl acetate was recorded as the major compound in fruit EO of Pistacia atlantica subsp. atlantica, in Morocco by Barrero et al. [23], while α-pinene, β-pinene and camphene dominated the chemical composition in Algerian P. atlantica [25].



From Pistacia atlantica subsp. mutica (in the Greek East Aegean islands, Kalimnos and Lesvos), leaf, bud-leaf and fruit essential oils were analysed. It was, therefore, reported that myrcene and terpinen-4-ol were found to be the predominant compounds in leaf EOs from female trees and terpinen-4-ol and p-mentha-1(7),8-diene in leaf EOs from male trees; terpinen-4-ol, myrcene and sabinene in unripe fruit EOs and p-mentha-1(7),8-diene, sabinene and α-pinene in leaf-buds EOs, while, sabinene, p-mentha-1(7),8-diene, germacrene D, terpinen-4-ol were found to be the major compounds in bud-leaf EOs [24]. In the same subspecies, widely distributed in Iran, the oleoresin was dominated by α-pinene [60] and by α-pinene followed by limonene oxide [61], while the fruit EOs showed α-pinene and camphene/β-myrcene/limonene as major compounds [53]. Eghbali-Feriz et al. [62] revealed that β-E-ocimene, myrcene, β-Z-ocimene, α-pinene, and E-caryophyllene composed principally the unripe fruit essential oil collected from Pistacia atlantica subsp. mutica from the Northeast of Iran.



On the other hand, Didehvar et al. [63] analysed oleoresin from Iranian P. atlantica (without any precision of the subspecies) and reported α-pinene, trans-pinocarveol, cis-limonene oxide, sabinene, and β-pinene as major compounds.




3.2. Potential of Pistacia atlantica EO Compounds in Cosmetics


Several conventional methods are used for essential oil extraction such as hydrodistillation, steam distillation, Soxhlet extraction, and solvent extraction while other advanced methods (microwave or SPME-based methods) are currently used to enhance oil yield with less sample amount. For P. atlantica EOs, hydrodistillation is still the most commonly used method although the efficiency of microwave techniques has been shown by using magnetic nanoparticle-assisted microwave (MW) distillation for Pistacia vera [64].



Essential oils are one of the most important natural products valorized for their organoleptic properties in the fragrance industry but principally for their various biological properties in cosmetics. They are composed of monoterpene and sesquiterpene hydrocarbons and their oxygenated derivatives, aldehydes, ketones, esters, ethers, oxides, lactones and coumarins, phenols [65]. The bioactivity of EOs is the sum of their constituents which act either in a synergistic or in an antagonistic way [66]. In addition to the smell and fragrance, essential oils are added to cosmetics products as preservatives particularly to prevent their oxidation. Their antioxidant potential acts as a protective agent in various products like moisturizers, lotions and cleaners, skin care cosmetics, conditioners, masks for anti-dandruff products, hair care products lipsticks, or fragrances in perfumery [67]. Preservatives are additionally, added to cosmetics to prevent microbial spoilage, as well as for the protection of consumers from potential infections.



3.2.1. Monoterpene Potentials


Monoterpenes are important fragrant molecules and suitable starting materials in the perfumery industry and cosmetic industries [65]. The monoterpenes in P. atlantica EOs are essentially represented by (α-pinene β-pinene α-thujene, camphene, terpinen-4-ol, δ-3-carene, p-cymene, limonene).



α and β-pinene are typically the most representative compounds of P. atlantica EOs although there is great chemical variability. These compounds are the most abundant bicyclic monoterpenes and are used as a fragrance substance to improve the odour of industrial products but also as precursors of important flavour and aroma compounds [68]. Additionally, monoterpenes are used in cosmetic products for their biological activities, α-Pinene is widely used as a fragrance in the cosmetics and household industry. P. atlantica leaf and resin EOs, being mostly an important source of α–pinene, were always evaluated for their microbial activities. Oleoresins, obtained from P. atlantica (from Iran) and P. atlantica subsp. atlantica (from Algeria), both dominated by α–pinene were tested, respectively, for their activity against Helicobacter pylori by Memariani et al. [60] and against Candida albicans by Benabdallah et al. [59]. According to Memariani et al. [60], all the tested H. pylori strains were susceptible to the essential oil. Furthermore, in a microscopic examination, P. atlantica oleoresin attenuated the destruction and necrosis of gastric tissue. On the other hand, Benabdallah et al. [59] revealed that the tested oleoresin showed bactericidal activity against C. albicans.



Helicobacter pylori is a common bacterium described first in the digestive tract as being the responsible agent for most ulcers in the stomach and small intestine. However, it is established that it also actually occurs in the oral cavity independently of stomach colonization [69]. Besides, C. albicans is considered to be the most common fungal pathogen of humans, manifesting itself in the oral cavity, causing oral candidiasis or thrush, female reproductive tract (commonly referred to as a yeast infection), and less commonly in the digestive tract. The bactericidal effect of pistachio EOs against buccal and stomachic flora remains the traditional use of pistachio resin and other organ plants.



Interestingly, it is known that the rural populations in the distribution area of Atlas pistachio used to chew the leaves and the resin of Atlas pistachio. This health and care practice is inherited from the ancient world where pistachio resin was used to clean the teeth and freshen the breath. Most compelling evidence shows that the indigenous knowledge regarding the medical use of Atlas pistachio corroborates the scientific findings.



Additionally, anti-Leishmania effects of Syzygium cumini leaf EOs and its major compound (α-pinene) were assessed by Rodrigues et al. [70] using MTT methods and macrophage cytotoxicity measurements. It has been shown that α-pinene exerts cytotoxic effects directly correlated with the different doses used against promastigotes of Leishmania amazonensis [70].



α-pinene and β-pinene showed cytotoxicity on tumour lymphocytes [71] while α–pinene revealed a positive antitumor activity in cell lines and in animal models of hepatocellular carcinoma [72], and a noticeable ability to induce, in vivo, apoptosis and antimetastatic properties [73]. In contrast, Buriani et al. [74] assessed human adenocarcinoma cell line sensitivity to EOs extracted from five Pistacia taxa (P. lentiscus, P. lentiscus var. chia, P. terebinthus, P. vera, and P. integerrima). According to the obtained results, they assumed that anti-tumoral activity was principally the effect exerted by the phytocomplex as a whole, which cannot be attributed to a single component but, rather, is likely the result of a complex network of simultaneous biological signals which contribute to the global cytotoxic effect.



Moreover, α-pinene and 1,8-cineole have been shown to present a beneficial effect on the equilibration of oxidant/antioxidant to protect against H2O2-induced oxidative stress in rat PC12 (rat pheochromocytoma) cells [75]. Pre-treatment with these monoterpenes inhibited the intracellular reactive oxygen species production and markedly enhanced the expression of antioxidant enzymes including catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase (GR) and heme-oxygenase 1 (HO-1) [75].



β-pinene is known for its antimicrobial properties either purified or as part of essential oils [76,77,78]. β-pinene was one of the two main active principles of essential oil showing antidepressant-like and sedative-like activity and a clear potential in the treatment of sadness [79,80]. In fact, several essential oils are currently researched and in use as aromatherapy agents and cosmetics to relieve anxiety, stress, and depression.



Resources rich in terpinen-4-ol are used as antiseptics and antifungals to treat cuts, burns, abrasions and acne in a range of cosmetic products such as antiseptics, deodorants, shampoo and soaps. Thus, Huynh et al. [81] evaluated the antibacterial effect of two terpinen-4-ol-based cosmetic formulations against Escherichia coli and Staphylococcus aurueus. They revealed, in fact, a higher antibacterial activity against E. coli than S. aureus. In addition, the formulated cosmetic products have been appreciated by 28 female customers and showed satisfactory microbial standards for the cosmetics field according to Ho Chi Minh City Pasteur Institute (Vietnam) [81].



Indeed, Benabdallah et al. [59] attempted to determine the antimicrobial activity of Pistacia atlantica subsp. atlantica leaf EO dominated by terpinen-4-ol against S. aureus, E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and E. albicans and revealed a bactericidal effect against S. aureus, C. albicans and, E. coli.



Furthermore, Yang et al. [82] demonstrated that a solid-state terpinen-4-ol/β-CD inclusion complex, they prepared, clearly enhanced the antibacterial activity against S. aurueus, P. aeruginosa and, E. coli. Although terpinen-4-ol is known for its antimicrobial activities, this improvement could be attributed to that terpinen-4-ol being easily volatile and, especially, its low solubility in water limits its inhibitory effect. The enhancement also could be explained by the interactions of β-CD with terpinen-4-ol to form intermolecular hydrogen bonds, which improved its controlled release and water solubility [82].



Demodex mites (Demodex folliculorum) is the most common ectoparasite found in the human skin extending to the eye. Looking for a cosmetic formulation against these mites, Tighe et al. [83] assessed the killing effect of terpinen-4-ol on D. folliculorum. They stated that even though terpinen-4-ol exhibited a significant synergistic effect with terpinolene, deployment of terpinen-4-ol alone should enhance its potency in killing Demodex mites by reducing the adverse and antagonistic effects from other EO ingredients. They conclude that terpinen-4-ol could be adopted in future formulations of acaricides to treat a number of ocular and cutaneous diseases caused by demodicosis.



δ-3-carene was recorded as major constituent in P. atlantica in the Saharan region of Algeria by Gourine et al. [26]. This compound occurs principally in Cupressaceae exhibiting a high antifungal activity; proving to be a fundamental compound for this activity and an emergent alternative as an antifungal agent against dermatophyte strains [84]. Essential oils from other conifers with a high content of δ-3-carene and α-pinene possess important antibacterial and anti-inflammatory activities mostly against acne-causing pathogens and have therapeutic potential for diseases involving skin infections.



Plants and EOs with an important content of δ-3-carene could be targeted for cosmetic formulations for therapeutic potential, mainly in fungal diseases involving mucosal and cutaneous infections. However, the autoxidation of δ-3-carene to the hydroperoxide leading to eczematogenic and allergenic effects should be taken into consideration [85]. On the other hand, these oils, rich in δ-3-carene exhibit variable levels of antioxidant activities, evaluated in vitro in several studies. This variability was highly correlated with the quality and quantity of oil which is influenced by the harvest season, tree sex and the plant organs [26,27,53,54,86,87].



In P. atlantica EO chemical compositions, other monoterpenes with appreciable amounts were identified, such as p-cymene and camphene:



p-cymene is widely involved in the preparation and synthesis of dyes, medicines, fragrances and perfumes. p-cymene is known for its safety. This compound doesn’t show genotoxicity, repeated dose toxicity, reproductive toxicity, local respiratory toxicity, phototoxicity/photoallergenicity, or skin sensitization [88,89]. Furthermore, this compound was shown to possess anti-tumoral activity [90].



Camphene is used as a fragrance and flavouring substance as well as in the production of cleaning agents produced that aim to eliminate or mask unpleasant smells (mainly as toilet fragrances, air fresheners and deodorizers). Camphene is converted to alkyl isobornyl ether, which is used in the formulation of cosmetics and perfumes [91]. In fact, acid-catalysed alkoxylation of terpenes is an important synthesis route to valuable terpenic ethers with many applications in the perfumery and pharmaceutical industry. Interestingly, for medical uses, camphene known for its antioxidant and anti-inflammatory activities was found to be able to significantly increase cell viability as indicated by MTT assay and LDH release assay [92]. Furthermore, it is used for renal and hepatobiliary disorders.



In addition, it is important to highlight that the antioxidant properties of essential oils are due to the synergetic effect of large amounts of monoterpenes and oxygenated sesquiterpenes which exhibited a significant ability to scavenge free radicals using 2,2′- diphenyl-1-picrylhydrazyl (DPPH) free radical-scavenging, ferric reducing antioxidant power (FRAP), β-carotene bleaching test, thiobarbituric acid reactive species (TBARS) and Rancimat assays [26,27,53,86]. The highest antioxidant effect was also demonstrated for seven predominant terpenoids (i.e., α-pinene, limonene, myrcene, geraniol, linalool, nerol, and terpineol) [93].



Essential oil also acts as an anti-inflammatory agent. This activity is assumed to be correlated to their antioxidant activities and their interactions with several key enzymes, signalling cascades involving cytokines, and regulatory transcription factors [86,94]. For P. atlantica, its essential oil possesses potent sedative and anti-inflammatory properties in different mice and rat based models using the carrageenan-induced hind paw edema test [95]. Another study revealed the therapeutic effects of applied doses of oral gum as well as volatile oil to reduce all indices of colitis and myeloperoxidase activity in an animal model of ulcerative colitis [96]. In addition, the essential oil of resin showed angiogenesis and skin burn wound healing in rats. The results of this study demonstrated a concentration-dependent effect on the healing of burn wounds by increasing the concentration of basic fibroblast growth factor (bFGF) and platelet-derived growth factor (PDGF) and by enhancing angiogenesis after 14 days of treatment by the plant [97]. The anti-inflammatory activity of P. atlantica has been proven by a cream formulated that contains oleoresin, alone and in combination with other systemic drugs [98]. In this work, the cream reduced pain, inflammation and restrictions of joint movement in patients with mild to moderate (grades 2 and 3) knee osteoarthritis. This effect is attributed to the high percentage of α-pinene which revealed the best analgesic effect by inhibiting some enzymes involved in inflammation caused by osteoarthritis.




3.2.2. Sesquiterpenes Potentials


El Zerey-Belaskri et al. [29] described for the first time two sesquiterpenes (Germacrene D and E-caryophyllene) as major compounds in P. atlantica leaf EOs, in particular natural populations. These populations were found to be in a distinctive group based on a molecular analysis [99]. Bicyclogermacrene was observed with a remarkable percentage in some P. atlantica EOs from Algeria by [26,29] while spathulenol was recorded as one of the main sesquiterpenes in P. atlantica EOs in the south region of Algeria [26].



Germacrene is known to be a bitter sesquiterpene olefin produced by several plants with antifeedant, antimicrobial and insecticidal properties [100]. Mosquitoes are the deadliest vectors of parasites that cause diseases mainly in Africa. In our opinion, this compound could be valorized for the cream formulation of cosmetic products with repellent activity.



Aloysia virgata EOs from Cuba and Brasil, dominated by germacrene-D, bicyclogermacrene, and E-caryophyllene were found to possess antifungal activity against Candida albicans, and antibacterial activity against Escherichia coli, Bacillus cereus and Staphylococcus aureus [101,102].



E-caryophyllene is a bicyclic-sesquiterpene, with a strong woody and spicy odour, widely used in cosmetology and perfumery as a fragrance chemical for its aroma quality since the 1930s [103,104]. Furthermore, it is incorporated into the ingredients of several non-cosmetic products such as household cleaners and detergents [105].



E-Caryophyllene is known for its anti-inflammatory effect [106,107,108,109], antibacterial [102] antiallergic effect [108] and local anaesthetic properties [106]. It is very used in medical and pharmacological fields, also for its analgesic activity and cytoprotective gastric effect [106]. EOs containing E-caryophyllene as one of the main constituents, evidently, showed antinociceptive and analgesic effects without inducing gastric damage [109]. E-caryophyllene in P. atlantica EOs is potentially an important element for dermo-cosmetic products.



In concordance with the traditional use of Atlas pistachio leaves, this organ is often used by the local population as an efficient treatment for stomach and gastric diseases. Moreover, Atlas pistachio leaf-boiled-water is used as a finishing bath lotion to treat skin problems [9].



Regarding its safety (GRAS-FDA 21 CFR 121.11.64) and distinctive smell and aroma, this compound is approved by the U.S. Food and Drug Administration as a food additive and a harmless element for the cosmetic compositions of face creams, hair care products, body lotions and shampoos.



Moreover, EOs rich in β-pinene, germacrene D, trans-β-caryophyllene, and α-pinene showed a clear antioxidant activity promising an interesting potential for the utilization of the oil in the prevention of oxidative damage in cosmetic creams [110]. Oxidation of unsaturated substances in cosmetic cream can affect its odour and colour and denature its quality, eventually leading to the formation of harmful compounds to health as well as to the product [110].






4. Potential Use of P. atlantica Fixed Oils (FOs) in Cosmetics


Pistacia atlantica, like the other members of the genus Pistacia has oleaginous fruits considered by several researchers. Fruit oil was considered a new source for the production of vegetable oils (Figure 5b,c) concerning the high amount of mono-unsaturated and omega-3 fatty acids. The oil content varied between 29.45% to 40% [46,111,112]. Several methods are used in oil extraction. Both traditional methods and modern extraction techniques (such as microwave assisted extraction (MAE), ultrasonic-assisted extraction (UAE) and supercritical fluid extraction (SFE) methods) are utilized.



4.1. Physical and Chemical Characteristics


The oil content variation has been shown to vary largely according to the genotype and climatic conditions [113]. It is noted that NO plays a highly complex role in the regulation of plant development. It plays a key function in seed oil accumulation and fatty acid composition [114]. Moreover, the oil extraction methods influence greatly the oil content [111]. Likewise, the chemical modifications which affect the quality of the vegetable oils are mainly due to several forms such as the esterification/transesterification by rearranging the acyl moieties to synthesize trimesters; estolide formation by modifying the acyl group after the hydrolysis of triglyceride and elimination of glycerol and formation of new ester bonds between the fatty acid chains and the epoxidation by modifying double bonds and subsequent ring opening to synthesize different diesters [112]. Compared to that extracted by pressure and by hexane, the supercritical carbon dioxide (CO2) produced better oil quality with interesting physicochemical and a higher antioxidant activity with the existence of unsaturated fatty acids, sterols, tocopherols and polyphenols [115]. The physico-chemical proprieties of oil P. atlantica seeds obtained by Soxhlet extractor are shown in Table 1 [116].



Oils with lower values of viscosity and density are highly appreciated by consumers. These parameters increase with high saturation and polymerization [117]. For the refractive index of oils, its value depends on the molecular weight, fatty acid chain length, degree of unsaturation, and degree of conjugation [118]. The refractive index of P. atlantica seed oil was 1.472, which was slightly higher than the value observed for P. lentiscus (1.468), however, it is closely similar to the standard range reported by Firestone [119] for Pistacia vera (1.467–1.470). The iodine value is highly correlated with the refractive index. Its value measures the degree of unsaturation in fats, oils and waxes. In P. atlantica fruit oil, the high iodine value (88 of I2/100 g) indicated a high nutritional value. The acid index with low value is very appreciated in the cosmetics industry and is associated with the amount of free acid formed from enzymatic hydrolysis reactions of triglycerides. It is considered to be more representative of oil quality during harvesting, handling or processing [120]. The acid value of the P. atlantica oil was high (8.350 ± 0.120 mg KOH/g oil). This value is close to that reported for P. lentiscus (7 ± 0.3 mg KOH/g oil) [121]. The peroxide index (9.950 ± 0.950 meq O2/kg) of P. atlantica oil reported in this study is slightly lower than the one noted for P. lentiscus, (10 ± 0.04 meq O2/kg) [121]. For saponification (204.490 ± 0.040 mg KOH/g) and unsaponifiable matter (1.740 ± 0.010%), their values were higher than that reported for the same plant [119].




4.2. Chemical Composition and Variability


4.2.1. Fatty Acid Composition


Fatty acids composition of Atlas pistachio fruits was reported in several studies, showing a quantitative variability due to the extraction methods, maturity stage of fruits, Atlas pistachio subspecies and geographical origins (Table 2).



Numerous studies reported that the fatty acid composition of P. atlantica oils shows a high content of unsaturated fatty acid, notably oleic acid from 40.9% to 81% [111,130,131,132,133,134] and linoleic acid from 20.41% to 29.4% [46,122,123].



Linolenic (C18:3), stearic (C18:0), and palmitoleic (C16:1) acid were less present in the fruit oil, while myristic (C14:0) and arachidic (C20:0) acid were only present in trace amounts [122]. These values varied according to the harvest month, which is in turn correlated to the maturation stage [122,124,133]. The ratio of unsaturated/saturated fatty acids was significantly higher in immature fruit oil (3.43–5.19) compared with the mature ones [123,124,128].




4.2.2. Phytosterol Composition


Phytosterols are naturally occurring in plants and cannot be synthesized in humans. They play major functions in several fields like pharmaceuticals (production of therapeutic steroids), nutrition (anti-cholesterol additives in functional foods, anti-cancer properties), and cosmetics (creams, lipstick) [135,136].



In comparison to other seed oils, pistachio oil had a typical distribution of sterols, characterized by a high content of β-sitosterol, and by a low content of campesterol and stigmasterol. Δ5-Avenasterol had an intermediate distribution [130].



The major sterol of the P. atlantica seed oil is β-sitosterol (85 to 87%) [45,46,128,137]. The next major components are campesterol (4 to 4.35%) and ∆5-avenasterol (2 to 4.35%). Each of the Δ5,24-stigmastadienol, Δ7-avenasterol and stigmasterol amounted to about 1% of the total amount of sterols. The level of stigmasterol was absent in fruits harvested from P. atlantica from the southern region of Algeria but was twofold higher in the north (11%) [46]. Cholesterol is present at low levels (0.4%). The total sterol content in wild pistachio was 2164.5 mg kg–1 oil [128,137].




4.2.3. Tocopherol Composition


It was noticed that the tocols (tocopherols and tocotrienols) had potential health benefits, they contribute to the prevention of certain types of cancer, heart disease, and other chronic ailments [138]. In edible oil, the high concentration of these phenolic antioxidants plays a major role in preserving mono- and polyunsaturated fatty acids [139]. For that, research of vegetable oil as a source of natural antioxidants is very encouraged in cosmetic and pharmaceutical applications as therapeutics and skincare active moieties against collagenase and elastase activities [140,141].



Tocopherols and tocotrienols are monophenols, and exist in four different isoforms (α, β, γ and δ), that differ from each other by the number and location of methyl groups in their chemical structures [142]. In P. atlantica, the fruit oil appears to be richer in tocopherols which vary depending on the developmental stage and the maturation degree of the fruits [124,143]. Their contents had a high value in immature fruit oil (50.7 ± 7.9 mg/100 g oil) compared to intermediate (44.3 ± 8.1 mg/100 g) and mature fruits (34.1 ± 10.9 mg/100 g) [143]. The predominant tocopherol in wild pistachio cold-press oil was α- tocopherol with 379.68 mg/kg. The amounts of (γ + β)-tocopherol and δ-tocopherol were 20.70 and 9.59 mg/kg of oil [128]. On the other hand, the tocopherols analysis performed for eleven samples of P. atlantica fruit oils extracted by n-hexane showed a dominance of α- and γ-tocopherols [143]. These compounds contribute the highest antioxidant propriety of oil with the participation of phenolic compounds [124]. It may be noted that the extraction method did not affect the content of tocophenols in fruit oil of P. atlantica obtained by three techniques i.e., supercritical CO2, organic solvent (hexane) and cold pressing [126].




4.2.4. Pigment Composition


Besides, their use as antioxidants in dietary supplements and pharmacological agents, the carotenoids can be employed in cosmetics against photoaging effects on the skin, irritation, acne and cancer. They play the role of a filter to absorb ultraviolet radiation [144]. The chlorophylls represent not only the most abundant natural pigment molecules intervening in photosynthesis, but they have numerous therapeutic properties on inflammation, oxidation, wound healing and cancer prevention [145]. Moreover, these molecules have also been used as colouring agents and anti-ageing components in cosmetic products where they are added to creams and soaps [146].



In Pistacia atlantica fixed oils, it is shown that tocopherols and carotenoids were the major constituents of the unsaponifiable matter [133]. Pheophytin a (12.02 mg/kg), and luteoxanthin (10.41 mg/kg) represent the major carotenoid components, followed by lutein (5.2 mg/kg). The compounds neoxanthin, violaxanthin, lutein isomers and pheophytin a were also present with low contents, ranging between 0.15 to 1.46 mg/kg. For chlorophylls, their amounts were 0.92 and 1.19 mg/kg for chlorophyll a’ and chlorophyll a, respectively [128]. As tocopherols, the carotenoids showed the highest level in ripe fruit oil compared to other stages of development [133].




4.2.5. Total Phenol and Flavonoid Contents


Total phenolic and flavonoid contents of P. atlantica fatty oil were 130.77 ± 3.11 mg gallic acid equivalent/100 g oil and 126.91 ± 4.41 mg quercetin/100 g oil, respectively [123]. These contents decrease with fruit maturation from 2.51 to 0.13 mg GAE/100 g oil and 1.64 to 0.09 mg quercetin/100 g for phenolic and flavonoid contents, respectively.



According to Farhoosh et al. [147], the greatest total phenolic concentrations have been recorded in fruit oils of P. atlantica subsp. mutica (81.12 mg gallic acid equivalent/kg) and kurdica (56.51 mg gallic acid equivalent/kg).



Additionally, Saber-Tehrani et al. [128] stated that caffeic acid (1.96 ± 0.04 mg/kg oil), cinnamic acid (0.67 ± 0.02 mg/kg oil) and pinoresinol (0.64 ± 0.01 mg/kg) were the predominant phenolic compounds in P. atlantica oil obtained by cold-press. Other compounds such as ferulic acid, o-coumaric acid, vanillin and ρ-coumaric acid were present at low levels.





4.3. Biological Activities


Some reports cited above studied the biochemical composition of fruit oil which contains interesting nutritional properties such as a high oleic acid content, phytosterols, carotenoids, phenolics and tocopherols. These essential compounds contribute to human health benefits for their antimicrobial, antioxidant, anti-inflammatory, immunity correction, hypocholeserolaemic, antiatherogenic, anticancer, digestive etc. Given these elements, Atlas pistachio fruit oil could be a promising component for cosmetics.



4.3.1. Antimicrobial Activity


The previous studies reported the highest contents of oleic and linoleic acids in P. atlantica fatty oil. These compounds have potential antibacterial properties which are partly attributed to their unsaturated long-chain lengths with 12–18 carbons [148]. This observation is consistent with previous work carried out with P. lentiscus fatty oil and its phenolic extract [149]. Additionally, it is noted that linoleic and oleic acids showed their growth inhibition against the Gram-positive bacteria but were inactive against the Gram-negative ones [150].




4.3.2. Antioxidant Activity


The antioxidant activity of P. atlantica crude oils might be attributed to the presence of tocopherols, carotenoids, and unsaturated fatty acids in particular omega-three fatty acids [133]. Another study, carried out on the stage of development of P. atlantica fruits showed positive correlations between flavonoid contents and total antioxidant capacity for unripe and red fruits [151].




4.3.3. Anti-Inflammatory Activity


Pistachio oil had been reported to possess anti-inflammatory activity. The fruit oil constituted of linoleic acid, oleic acid and stearic acid, as the major components, exhibited significant wound healing and anti-inflammatory effects of oil-absorbed bacterial cellulose in an in vivo burn wound model [152]. This oil can be used as a potential bio-safe dressing for wound management. In addition, P. atlantica fruit oil may be efficient for ulcerative colitis [153]. Tanideh et al. [153] stated that a high dose of oil reduces colonic injury by suppressing oxidative damage in rats when administered orally and rectally.



The oil of wild pistachio may modulate hypothyroidism and its effects on serum lipid profile and leptin concentration, modulate hypothyroidism and its effects on serum lipid profile and leptin concentration [154].



In 2017, Hamidi et al. [155] revealed the effects of topical application of a gel formulation prepared with 5%, and 10% of P. atlantica oil on cutaneous wound healing in an experimentally induced cutaneous wound model in rats. This study showed a re-epithelialization with continuous stratum basalis and mature granulation tissue and adnexa (hair follicles and sweat gland) with Atlas pistachio oil gels (especially Bene 10%) at 21 days post-injury.



Interestingly, the fixed oils traditionally extracted by the rural populations from Atlas pistachio fruits are widely used and recommended for rheumatoid arthritis and joint pain. The oil is directly applied over the painful area with a light massage to heat it and for greater adherence.




4.3.4. Antihyperlipidemic Effects


Unsaturated fatty acids in P. atlantica fruit oil modulated serum leptin, thyroid hormones, and lipid profile in female rats with experimentally induced hypothyroidism caused by propyl thiouracil (PTU) [154]. Jamshidi et al. [156] revealed the preventive effects of P. atlantica subsp. mutica oil, P. atlantica subsp. mutica resin and mixture oils in reducing metabolic syndrome risk. By measuring the lipid profiles, glycaemic indices, oxidative stress and inflammatory parameters, the results showed that consuming P. atlantica subsp. mutica oil was more effective than other oils (wild pistachio resin and mixture oils) in preventing hyperglycaemia, hypertriglyceridemia, hypercholesterolaemia, inflammation and pancreatic secretory disorders.



Phytosterols are important micronutrients in human diets, they form the unsaponifiable part of P. atlantica oil. They play an essential role in the reduction of cholesterol in the blood and therefore decrease cardiovascular morbidity [157]. β β-sitosterol ester with linoleic acids and β-sitosterol self-microemulsions have positive hypolipidaemic effects on hyperlipidaemic mice [157].




4.3.5. Antidiabetic Activity


It was shown that the resin oil of P. atlantica represents the best wound healing agent in STZ-induced diabetic experimental rats [158]. This oil improves blood flow and vascularization by elevation of vascular endothelial growth factor (VEGF) levels and reduces harmful effects of diabetic oxidative status, as well as burn damage in the wound area.




4.3.6. Cytotoxic Activity


Thanks to its chemical composition, P. atlantica fruit oil may be used for its anticancer potential. It is well noted that the fatty acids [159], unsaponifiable fraction [160], α-terpineol [161] and β-sitosterol [162] have the potential to reduce the proliferation of and induce apoptosis. It has been investigated whether the vitamin E and its tocopherol members (α-, β-, γ-, δ-) and tocotrienols (α-, β-, γ-, δ-) showed a strong association with the prevention of cancer and inhibition of tumour, both in vitro and in vivo [163].



The traditional extraction of oils (Figure 5c) had limited its utilization to domestic consumption and use. Whereas, with the availability of electric grinder–extractors, many artisans currently extract the fatty oils and sell them in herbalist shops or using electronic trade (e-Commerce). Therefore, Atlas pistachio fatty oil is increasingly experienced and appreciated. It is used to treat hair and skin damage as it is recommended since ancient times. Furthermore, it is incorporated into several handicraft cosmetics products such as soaps, shampoos, and protective repair and moisturizing creams.






5. Innovation and Modern Formulations for the Cosmetics Industry


Nanotechnology is a burgeoning scientific approach in research and presents potential applications in diverse fields, including biomedical, pharmaceutical and cosmetics industries [164]. Among the various nanoparticles used since the development of nanotechnology applications, silver nanoparticles (AgNPs) have attracted the attention of researchers in the last two decades [165] due to their useful characteristics in several fields, principally in cosmetics and care products. Pistacia atlantica leaf extract from Iran was used to synthesize pure crystalline and spherical green AgNPs with a high surface area of about 27 nm average size [165]. The results suggest that the synthesized AgNPs act as an effective antibacterial agent (e.g., against Staphylococcus aureus) and are capable of rendering high antibacterial efficacy and so possess a great potential in the preparation of drugs used against bacterial diseases, but mostly in cosmetic products [165]. The authors state that Pistacia atlantica is a very good eco-friendly and nontoxic source for the synthesis of Ag-NPs as compared to conventional chemical/physical methods [165].



P. atlantica fruit oil is one of the most nutritious vegetable oils which can be used as a carrier in lipid formulations. The use of vegetable oils in lipid nanoparticle preparation constitutes a promising field to treat diverse pathologies. These therapeutic activities are a result of synergistic effects by interactions of vegetable oil lipid carriers and active compounds [166].



The nanoformulations based on unsaturated fatty acids, carotenoids, retinoids, and tocopherols are employed as excipients in cosmetics and personal care products to alleviate skin disorders like irritation and inflammation [167]. Among the major fatty acids with potential applications, linoleic acid (omega-6) and α-linolenic acid (omega-3) were used in the prevention and treatment of inflammatory skin diseases such as atopic dermatitis, psoriasis and acne [168].




6. Challenges of the Use of EOs and FOs of Pistacia atlantica in the Cosmetics Industry


Although essential oils are used for their biological activities (antibacterial, anti-fungal, anti-inflammatory, antioxidant) and preservative properties against contamination, the safety issues regarding the use of EOs should not be neglected. EOs may induce allergenic and chronic toxicity risks if they are not added based on an accurate assessment. Nevertheless, the essential oil of Pistacia atlantica is known for its low toxicity [169]. Indeed, EOs with α-pinene as a major constituent have very low toxicity and would be a good candidate for use in health products [170]. The chemical variability also constitutes a great challenge for the use of P. atlantica EOs in the cosmetics industry, mainly when the plant material is brought from natural populations or populations under different environmental conditions. In addition, regarding the use of P. atlantica VOs in the cosmetics industry, the principal challenge is how to provide sufficient plant material (the fruit) without over-exploitation. In this sense, one of the main challenges is that fruit over-exploitation may induce a conflict between socio–economic and industrial needs. However, the valuation of Atlas pistachio EOs and VOs remains a major opportunity for dynamic rural development.



At the end of this paper, we believe that natural resource utilization should receive all our consideration. Atlas pistachio regarding its spiritual, social and economic value, but also its alarming situation as a threatened species, needs to be given particular consideration. The species should be intensively and broadly included in reforestation schemes and programs in the whole of its wide area to ensure sustainable valorization and to provide sufficient production.




7. Conclusions


Because of their health problems, toxicity and carcinogenicity, the use of synthetic compounds in several fields such as the food industry, drug industry, and cosmetics is currently being limited. Consequently, the search for new natural sources and novel natural bioactive compounds has been very accentuated in recent years.



Pistacia atlantica essential and fixed oils have been valorized and used in traditional medicine for the treatment of various diseases. Fruits and fatty oils are widely consumed as a nutrient by the local populations. They constitute a major source of beneficial compounds such as fatty acids with a predominance of oleic and linoleic acids, phenolic compounds, and unsaponifiable matter with their active molecules (tocopherols, phytosterols and carotenoids) which exhibited a large panel of health benefits. Both Pistacia atlantica essential and fruit oils have not been widely used for industrial applications. Nevertheless, the traditional uses and the indigenous knowledge have recently inspired modern cosmetic formulations but also cosmetic handicraft products which currently represent an emergent market in natural-based beauty and care products.



To the best of our knowledge, the current paper is the first review focusing principally on the potential of the use of EOs and FOs of P. atlantica in cosmetics. The chemical compositions of Atlas pistachio essential and fixed oils present a promising source for potential applications in pharmaceuticals and cosmetics as a single product or nanoformulation in the form of moisturizers, anti-ageing serums, makeup removers and massage oil. Thus, further field investigations and ethnobotanical surveys will provide useful information about the valorization of Atlas Pistachio EOs and VOs. This data may help to draw several perspectives in using Pistacia atlantica EO and VO components in modern cosmetic products principally for their biological activities and therapeutic potential.
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Figure 1. Ancient perfume flasks witnessing the luxury of fragrance bottles: (a) perfume flask in gold, decorated with a bold geometric pattern; (b) perfume flask in rock crystal, decorated with gold, silver, and precious gemstones, rubies and emeralds. Conservation: Museum of Islamic Art, Doha, Qatar. Personal photos taken by the first author with permission. February 2019. 
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Figure 2. Pistacia atlantica trees in different countries: (a), a great P. atlantica tree (female) in the region of Sidi Bel abbes (Algeria), June 2016; (b) a vigorous P. atlantica within a dense wild population (here, in an ancient Christian graveyard) in the region of Marrakech, Morocco, March 2018; (c) a beautiful P. atlantica (male) in the town centre of Famagusta (Northern Cyprus), October 2017. Personal photos taken by the first author. 






Figure 2. Pistacia atlantica trees in different countries: (a), a great P. atlantica tree (female) in the region of Sidi Bel abbes (Algeria), June 2016; (b) a vigorous P. atlantica within a dense wild population (here, in an ancient Christian graveyard) in the region of Marrakech, Morocco, March 2018; (c) a beautiful P. atlantica (male) in the town centre of Famagusta (Northern Cyprus), October 2017. Personal photos taken by the first author.



[image: Cosmetics 09 00109 g002]







[image: Cosmetics 09 00109 g003 550] 





Figure 3. Pistacia atlantica leaves from different countries: (a) one of the largest Pistacia atlantica subsp. atlantica leaf, from Northwest Algeria, September 2014; (b) Pistacia atlantica subsp. atlantica branch with leaves and unripe fruits, from Marrakech, Morocco, March 2018; (c) branch with Pistacia atlantica leaves, in the town centre of Famagusta (Northern Cyprus), October 2017. Personal photo taken by the first author. 






Figure 3. Pistacia atlantica leaves from different countries: (a) one of the largest Pistacia atlantica subsp. atlantica leaf, from Northwest Algeria, September 2014; (b) Pistacia atlantica subsp. atlantica branch with leaves and unripe fruits, from Marrakech, Morocco, March 2018; (c) branch with Pistacia atlantica leaves, in the town centre of Famagusta (Northern Cyprus), October 2017. Personal photo taken by the first author.



[image: Cosmetics 09 00109 g003]







[image: Cosmetics 09 00109 g004 550] 





Figure 4. Atlas pistachio fruits from two countries and two different subspecies (a ≠ b) and resin: (a) Pistacia atlantica fruits from Iran. (b) Pistacia atlantica subsp. atlantica fruits from the region of El bayadh, Algeria; (c) Pistacia atlantica subsp. atlantica resin from the region of El bayadh, Algeria. Personal photo taken by the first author. 
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Figure 5. Pistacia atlantica subsp. atlantica oils: (a) essential oil obtained by hydrodistillation; (b) solvent fixed oil obtained by using a Soxhlet; (c) fixed oil obtained by using the traditional method; kindly provided by a friend from the region of El bayadh (Algeria). Personal photo taken by the first author. 
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Table 1. Physico-chemical proprieties of oil P. atlantica seeds: according to Achheb et al. [116].
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	Properties
	Oil Extracted by Hexane





	Density (20 °C)
	0.917 ± 0.002



	Refractive index (20 °C)
	1.472 ± 0.001



	Viscosity 20 °C (Cp)
	85.000 ± 0.750



	Acidic index (mg KOH/g)
	8.350 ± 0.120



	Peroxide index (meq O2/Kg)
	9.950 ± 0.950



	Iodine index (g I2 100 g)
	88.000 ± 0.010



	Saponification value (mg KOH/g)
	204.490 ± 0.040



	Unsaponifiable matter (%)
	1.740 ± 0.010
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Table 2. Fatty acids composition of P. atlantica samples obtained by CG (%).
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Geographical Origins

	
Palmitic Acid

	
Palmitoleic Acid

	
Heptadecanoic Acid

	
Cis-10-Heptadecenoic Acid

	
Stearic Acid

	
Oleic Acid

	
Linoleic Acid

	
A-Linolenic Acid

	
Arachidic Acid

	
Cis-11-Eicosenoic Acid

	
Saturated Fatty Acids

	
Monounsaturated Fatty Acids

	
Poly-Unsaturated

Fatty Acids






	

	

	

	
C16:0

	
C16:1

	
C17:0

	
C17:1

	
C18:0

	
C18:1

	
C18:2

	
C18:3

	
C20:0

	
C20:1

	
SFA

	
MUFA

	
PUFA




	
Ziyad et al. [122]

	
Immature Fruits

	
Laghouat

	
18.8

	
0.35

	

	

	
0.84

	
55.4

	
21.9

	
0.74

	
ND

	

	
19.6

	
55.7

	
22.6




	
Mature

	
14.7

	
0.39

	

	

	
2.6

	
53.5

	
24.9

	
0.71

	
0.26

	

	
17.5

	
53.8

	
25.6




	
Immature fruits

	
Ain oussera

	
19.4

	
0.22

	

	

	
0.32

	
52.3

	
25.9

	
0.74

	
ND

	

	
19.7

	
52.5

	
26.6




	
Mature fruits

	
12.7

	
1.1

	

	

	
1.6

	
51.6

	
29.4

	
0.61

	
0.22

	

	
14.7

	
52.7

	
30.0




	
Salhi et al. [115]

	
Fruits

Pressure extraction

	
Elkharrouba

(Tunisia)

	
11.32

	
0.12

	
0.07

	

	
2.36

	
56.80

	
28.83

	
0.32

	
0.18

	

	

	

	




	
Hexane extraction

	
11.30

	
0.23

	
0.07

	

	
2.41

	
56.67

	
28.82

	
0.35

	
0.15

	

	

	

	




	
Supercritical CO2 extraction

	
11.42

	
0.15

	
0.05

	

	
2.33

	
56.12

	
29.45

	
0.33

	
0.15

	

	

	

	




	
Hazrati et al. [123]

	
kernel

	
Kazerun

(Iran)

	
20.20

	
2.97

	
0.06

	

	
2.02

	
53.15

	
20.41

	
0.71

	
0.15

	
0.32

	
22.59

	
56.44

	
21.12




	
Bentireche et al. [124]

	
Unripe

	
Laghouat (Algeria)

	
14.46

	
Tr

	

	

	
1.65

	
49.96

	
31.63

	
0.75

	
Tr

	
0.26

	
16.42

	
51.09

	
32.38




	
Middle maturity

	
18.64

	
Tr

	

	

	
1.63

	
51.32

	
25.35

	
0.75

	
0.08

	
0.27

	
20.37

	
53.46

	
26.11




	
Ripe

	
19.95

	
Tr

	

	

	
1.49

	
52.77

	
22.41

	
Tr

	
Tr

	
0.22

	
21.68

	
54.33

	
23.56




	
Labdelli et al. [111]

	
Seeds

	
Djelfa

	
26.7

	
1

	

	

	
2.1

	
40.9

	
26.8

	
1.1

	
0.1

	
0.2

	

	

	
27.9




	
Mohammadi et al. [125]

	
Hull

	
Shirez

(Iran)

	
29.84

	
1.7

	

	

	
1.49

	
42.84

	
5.85

	
2.75

	

	

	
31.33

	
59.84

	
8.6




	
Kernel

	
11.24

	
1.02

	

	

	
2.76

	
57.77

	
26.64

	
0.56

	

	

	
14

	
58.79

	
27.2




	
Gharsallaoui et al. [126]

	
Seeds

	
Tunisia



	
11.16

	
0.23

	
0.04

	
0.03

	
2.42

	
56.35

	
28.74

	
0.35

	
0.14

	
0.46

	

	

	




	
Guenane et al. [127]

	
Fruits mature

	
Laghouat

(Algeria)

	
25.1

	
0.5

	

	

	
1.9

	
49.6

	
22.0

	
0.8

	
Tr

	
Tr

	
27.1

	
50.1

	
22.8




	
Intermediate maturity

	
17.5

	
0.7

	

	

	
2.2

	
53.1

	
25.6

	
0.7

	
Tr

	
Tr

	
19.7

	
53.8

	
26.3




	
Immature

	
13.9

	
0.3

	

	

	
2.2

	
51.7

	
30.8

	
0.8

	
Tr

	
Tr

	
16.2

	
52.0

	
31.7




	
Saber-Tehrani et al. [128]

	
Seeds

	

	
13.12

	
2.04

	
0.07

	
0.09

	
2.78

	
50.65

	
29.76

	

	
0.17

	

	
16.51

	
53.10

	
30.39




	
Yousfi et al. [45]

	
Fruits

	
Algeria

	
24

	
1.2

	

	

	
1.8

	
46

	
27.4

	
-

	

	

	

	

	




	
Ghalem et al. [129]

	

	
Sidi Bel Abbès (Algeria)

	
12.2

	
1.8

	

	

	
2.4

	
54.2

	
28.8

	
0.4

	
0.1

	

	

	

	
29.3




	
Benhassaini et al. [46]

	
Fruits

	
Tlemcen

(Algeria)



	
12.2

	
1.8

	

	

	
2.4

	
54.2

	
28.8

	
0.4

	
0.1

	

	

	

	
29.3








Tr: Trace.
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