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ABSTRACT

The effect of four extraction methods on chemioaifosition and oxidative stability of argan oil westudied. The
output was low with artisanal extraction (39%) aptess (41%) compared to Soxhlet (59%) and Folcl466
methods. The acidity, fatty acids, phospholipidsl &amcopherols contents were significantly influehdsy the
extraction procedure. Acidity and phospholipidsesatvere superior in the oil extracted with Folchheique. The
concentration of fatty acids varied from 19.45 ©.3D%, 44.95 to 47.02% and 32.17 to 34.56% for redddl,
monounsaturated and polyunsaturated fatty acidpeesvely. The tocopherols content was signifigahigher
with the methods of Folch (1256 mg/kg) and Soxl&68.5 mg/kg) compared to the traditional techeid688
mg/kg) and the press (864 mg/kg).The oil extrabteBolch was more stable compared to those obtaiwidgdother
extraction methods. This result was explained kyhilgher content of antioxidants (tocopherols ahdgpholipids)
in the oil extracted by the Folch technique.
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INTRODUCTION

Argania spinosd.. is an endemic tree of the Moroccan Southwebtchvproduces a seed with one to three almonds
(oilseeds) used for the extraction of argan oile Ektraction is carried out by rural women in aitianal way using
millstones for grinding roasted almonds. The ol#dipaste is mixed to small amounts of warm waterder to
extract the oil. This type of extraction requiread hours to yield close to 30%. In recent yearssges have been
introduced. This process significantly reducedttime of production, increased the extraction ougnd improved

the stability of the oil [1]. As for the chemicatteaction, it is industrially practiced using nomgoorganic solvents
such as hexane, and a suitable stainless steéagpl[2]. The industrial argan oil is richer insaponifiable but its
organoleptic characteristics are not appreciatedhbyconsumer. It is primarily intended for phareaical and
cosmetic uses [3].

Argan oil presents a rich and varied chemical casitjpm. The glyceridic fraction consists of 80% ansated fatty
acids oleic-linoleic type. Saturated fatty acidsoat 20%, are mainly represented by stearic andhipalacids [4,
5]. The oil is thus characterized by a high ratiaunsaturated/saturated fatty acids recommendedulmtionists.
Regarding the unsaponifiable fraction of argan iilis represented mainly by tocopherols, tritemericohols,
carotenes, sterols and phospholipids [6, 7]. Saundies report that argan oil, due to its compositid fatty acids
and antioxidants, has therapeutic and preventifectsf against many diseases such as diabetes,térypien ,
hypercholesterolemia and cancer [6, 8, 9]. Howetrexr chemical composition of argan oil, particlylan minor
compounds (unsaponifiable), may be influenced bxeisd factors such as the phenotypic varietieshef ftuit,
geographical origin and extraction processes [47,510, 11]. Changes in the chemical compositiorminor
elements, such as tocopherols, phospholipids, Istaral phenols, may have significant effects onrthgitional
quality, pharmaceutical and cosmetic propertied,tae stability of the oil during storage. Thus thbjective of our
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work is to study the impact of the extraction metlm yield, chemical composition and oxidative Bighof argan
oil. Four extraction protocols were compared: prasslitional and chemical extractions. In the cafsthe chemical
method, two types of solvents were tested: an amabvent (hexane with Soxhlet method) and a digholar
mixture of chloroform and methanol (Folch metho#ihalysis of the oil chemical composition relatedthe fatty
acids, tocopherols and phospholipids contents. aXigative stability was investigated using both $wind oven
tests.

EXPERIMENTAL SECTION

1 Source of fruits

Fruits were harvested in the region of Admine whilocated at 20 Km from the sea and 30 Km southefthe
Agadir city. Fruits were first dried in the opem and then pulped by hand. The resulting seeds therecrushed to
give kernels used for oil extraction.

2 Extractions

Four methods were used: mechanical press, artisarhichemical extraction. For the chemical extomgtitwo
methods were considered according to the natutleeofolvent (Soxhlet and Folch). After extractithe oil content
was expressed as a percentage of the almonds weight

2.1 Traditional Extraction

It was performed in the laboratory following thaditional process manually practiced by rural womE&monds
obtained after crushing seeds were roasted ovehkat. Roasting lasted until almonds reached a fnamform
color. Roasted almonds were crushed in a rotaryginaing stone and the obtained paste was mixelamg by
adding small quantities of warm water. The oil, ifecible with water, separated from the paste aodtdld to the
surface. It was recovered and then filtered.

2.2 Press extraction
Unroasted almonds obtained after crushing werectlijrgpressed to extract the oil. The machine wage tgcrew
press for extracting at a temperature not exceetbntC. During extraction, the oil was separatednfthe meal.

2.3 Chemical Extraction using Soxhlet method

Almonds were ground in a mortar and placed in &idge which was introduced into the Soxhlet extvacThe
flask containing hexane was heated at a temperaf® °C. This caused the evaporation of solvemtiventered
the cartridge in contact with the crushed almomgising this contact, oil dissolved in the solvendavhen the
cartridge was filled, the mixture came down towatdsball. The solvent was evaporated a secondftime second
cycle. The operation consisted of several cycldsd complete extraction of the oil (about 5 hour&).the end, the
mixture (oil and hexane) was placed in a rotaryuuse evaporator to evaporate the solvent and recbeeuil.

2.4 Chemical Extraction using Folch method

The extraction was performed according to the tieglof Folch et al. [12]. Two grams of ground airde were
mixed with 13 ml of methanol. After 5 minutes oirghg, 26 ml of chloroform were added and the migt was
subjected to stirring for one hour. Then, 8.5 mKa&fl (0.8%) were added and the obtained mixture stiased for 5
min and centrifuged at 2000 rpm for 2 min at 4 T@en, the mixture was separated into two phasesipper
aqueous phase and a lower organic phase. The agpkase was aspirated and replaced with chlorofoetianol-
KCI (0.8%) mixture (3:48:47, viviv). Afterwards,ehwhole was stirred for 5 min and centrifuged aoedctime.
The Folch upper phase was removed and the operatignrepeated twice. At the end, the lipid obtaimes
filtered, extracted with a mixture of chloroformcamethanol (2:1, v/v) and evaporated to drynessguaivacuum
rotary evaporator.

3. Chemical analyzes of the oil

3.1 Peroxide value (PV]13]

To a mixture of 2 g of oil and 10 ml of chlorofomvere added 15 ml of acetic acid and 1 ml of potessbdide.
After stirring for one minute, the mixture was pdcin the dark for 5 minutes. Then, were added [76frdistilled
water and a small amount of starch powder as ar égoticator. The titration was performed by the itidd of
sodium thiosulfate.

3.2 Acidity [14]

In an Erlenmeyer flask were mixed 50 ml of ethaaadl 50 ml of diethyl-ether. Then 3 drops of phehtiplein
were added. The mixture was neutralized using patashydroxide solution (0.1 N) by adding drop wis#il the
color shift. A volume of 10 ml of oil was added.él'mixture was decolorized due to the presencecefflitty acids
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in the oil. Titration of the oil sample, dissolvéd the mixture of diethyl-ether/ethanol, was catrieut with an
ethanolic solution of potassium hydroxide (0.1 N)e acidity was expressed as percentage of olac ac

3.3 Phospholipids analysis

The separation of non phosphorus lipids and phdgpte was performed using Sep-pack Silica care&lfl5].
Triglycerids, glycolipids and phospholipids wereited using chloroform, acetone and methanol, résghz The
analysis of phospholipids was carried out by phospiis assay using the Ames method [16]. To the leamp
dissolved in 100 ml of bi-distilled water were add@00 pl of a magnesium nitrate solution at 10%etimanol
(96%). Mineralization was made by heating with Bemsburner until complete combustion. Then 300 pl of
hydrochloric acid (0.5 N) were added and the mixtwas heated at 100 °C for 15 min. After coolin@Q il of a
mixture of 100 pl of ascorbic acid (10% in bi-distl water) and 600 ul of ammonium molybdate (2ih §00 of
sulfuric acid N) were added. Then, the whole waatda: at 45 °C for 20 min. The intensity of the catmn was
measured at 820 nm.

3.4 Fatty acids analysis

The fatty acid composition of the oil was analybgdgas chromatography after methylation with Botrdffuoride.
Three extractions with hexane were made to obtity ficid methylic esters. These esters were easgmbunder
nitrogen conditions and 5@ were directly injected into a Cpcil-88 columnritgh 50 m, diameter 0.25 mm) of a
Carlo Erba gas chromatograph whose temperaturedsed from 150 to 225 °C (5 °C/min). The presstirector
gas (H2) was 1 bar. After their separation in tbkian, fatty acids were detected using a flameziation detector
at 250 °C.

3.5 Tocopherols analysis

The analysis of tocopherols was performed by HPLI® apparatus included a Jasco 880-PU pump, a 83&co
UV detector and a Varian spectrophotometer integrd#00. After dilution with methanol, the samphesre
injected into a grafted silica C18 column (length @, diameter 3 microns). The elution solvent W89%
methanol. Determining the tocopherols content veaisexd out by comparison to a standard mixture.

3.6 Determination of the oxidative stability of argn oll
The oxidative stability of the oil was studied tsing two methods: Swift and oven tests.

In the case of the Swift test [17], tubes contairmils (20 ml) were placed for 5 min in boiling watand then in a
water bath at a temperature of 100° C. The tubes wlesed with plugs of two drilled holes which weattached
two pipes: one allowed bringing a quantity of aogrfi the manifold to the sample, and the other eat&cuvolatiles.
The air flow was adjusted to 2.33 ml per seconéaioh tube. After a specified period, the oxidati@s stopped by
rapid cooling of the tubes in cold water. A sampied.3 g of oil from each sample was removed to sueathe
peroxide value. If the peroxide value was less tli@nmegQ@kg, the time required to reach this value was
estimated. At that time, the peroxide value wassueal and the value found retained. After an oiedatime,
another sample (0.3 g) analysis was performed terigiéne the second peroxide value which shoulderoeed 175
meqQ/Kg. The two values (comprised between 75 and 1@§@iKg) allowed to graphically determining the
oxidation life of the oil which corresponded to ergxide value of 100 megfg. The value of this time is regarded
as a marker of resistance to autoxidation. Thewastrepeated three times for each extraction mode.

For the oven test, oil samples of 15 g were plaoeetri dishes. The boxes were then stored open ioven at 65
°C (in the dark) for a period of 10 weeks. The pé&te value was measured every week.

3.7 Statistical Analysis

Values represented the average of four repetitidie results were subjected to ANOVA single factbhe
averages were compared by means of a multiple cosopatest, using the least significant differetest (LSD, P
=0.05).

RESULTS AND DISCUSSION

Table 1 shows the extraction yield obtained usiiffgrént extraction methods. The output, was sigaiitly greater
with both chemical methods (59% and 56% for Soxlaletl Folch respectively) compared to traditionatl an
mechanical extractions (39 and 41% respectivetyldneral, the extraction yield of oil seeds depdnoh the plant
species, the genetic and climatic variations withi& same species [18]. For argan oil, our resutie consistent
with the literature data [4, 6] and showed that ¢l&raction method was the main factor that coidghicantly
influence the extraction yield expressed in respetiie kernels weight.
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The effect of extraction procedure on the chemiteracteristics of the oil, acidity and PV, is shoiw Table 1.
The acidity was significantly higher in the oil ea¢ted with the method of Folch (1.22%) in comparito the other
methods. This could be explained by the polarityhef solvent used to extract the molecules of fatty acids in
larger quantities. This result was consistent whtht obtained by Kim and Yoon on soybean oil [Y8&wever, free
fatty acids are considered as pro-oxidants and fireisence in the oil could initiate oxidation réawms [20] The
acidity of the traditional oil was the lowest (0%p those of oils extracted by Soxhlet and pressev@e30% and
0.26% respectively. These values were lower thanugmper limit set by the Moroccan standard (0.866)the
gualitative classification of argan oil [21].

Table 1. Output and chemical characteristics of argn oil according to the extraction method

Folch Soxhlet Traditional Press
Output (%) 56.25 + 3.53p59.25 + 2.824 39.00 + 0.86K 41.25 + 1.894
Acidity (%) 1.22+0.10a] 0.26 £0.05p 0.13 + 0.05d.30 + 0.03b
Peroxyde Value (meggkg) | 2.45 +0.52a| 2.16 +0.283b0.13 + 0.05c| 0.30 +0.03

D

For each line, the values followed by the sameiette not significantly different at P = 0.05.

The PV was slightly influenced by the extractiontineel and ranged from 1.77 to 2.45 mef@. In addition, the
measured values in the oils from the four extractitzethods were less than the upper limit recomneéhgethe

Moroccan standard (15 meg&g).

Table 2. Fatty acids content of argan oil accordingo the extraction method

Fatty acids Folch Soxhlet Traditional Press
14:0 0.16 £0.003b| 0.18+0.003a  0.130 +0.001c 6 &.0.004b
15:0 0.05+0.003b| 0.060+0.004a 0.05+0.003b 5&.0.003b
16:0 13.80+0.15a] 12.70+0.12c 12.68+0.00c (1%.0.34b
16:1 0.13 £ 0.004a 0.11 +0.014 0.015+0.001c  @.0D04a
17:0 0.087 £0.00c| 0.10+0.008p 0.12+0.00pa  &.09D02c
18:0 5.65 + 0.31ab 5.84 +0.144 6.46 + 0.08a 5.834c
18:1 46.48 +0.83a] 45.45+0.54ab 44.52+1.07b 05!6.0.3%9a
18:2 31.71+055c| 33.70+0.48a 34.07+0.7la $2.6.33b
18:3 0.16 £0.005a] 0.16+0.002pb 0.15+0.00pb  &.03PD01c

20:00 0.33+0.025b| 0.39+0.033a  0.35+0.013b 6 &.8.006ab
20:1 0.35+0.062a] 0.29+0.067a  0.35+0.017a f68Dla
20:2 0.14 £0.002a] 0.13+0.004pa 0.14+0.003a H.0917b
20:3 0.15+0.003b| 0.18+0.005a 0.19 +0.00Ba 8.0D1c
22:0 0.33+0.025b] 0.39+0.033a 0.12+0.008b  &.0M02c
22:1 0.06 £0.009ahhy 0.035+0.006c 0.06 +0.008a 05 #.0.005bc
24:0 0.07 £0.009a|] 0.07 £0.007a  0.05+0.003b 8.0303
SFA 20.30 £0.42a| 19.45+0.17c 19.96 +0.09ab 39.0.38bc

MUFA 47.02+0.82a| 45.89+0.54ab 44.95+1.0fb 5246 0.39a
PUFA 32.17+055h 34.18+0.48a  34.56 +0.7[la 982.0.35b

For each line, the values followed by the samelette not significantly different at P = 0.05. SFaturated fatty acids, MUFA:
monounsaturated fatty acids, PUFA: polyunsaturdgaty acids.

The fatty acid composition is shown in Table 2. Tdoatent of major fatty acids showed significantiatons
according to the extraction method. Indeed, patrmatid (16: 0) was significantly higher in the eitracted by
Folch (13.8%) compared to the other extraction we$h(13.40, 12.70 and 12.68% for the press, Soxidt
traditional method respectively). For stearic afl®: 0), the concentration was significantly lowar the oil
extracted by press (5.53%). That of oleic acid (18:9) was 44.52% in traditional oil and 46.48%pihextracted
by Folch. As for linoleic acid (18: 2 n-6), the ¢ent was significantly lower in the oil extracteg Bolch technique
(31.71%) and higher in the oils extracted by Soxaled the traditional method (33.70% and 34.07%eetvely).
Minor fatty acids, with a content lower than 0.48s0 showed significant variations at p <0.05. ™Miés the case
of linolenic acid (18: 3 n-3) which recorded a hegltontent in the oil extracted by Folch and Saxhiethods
(0.16%) and less in the oil extracted by press3@)l The results also supported a finding thattoi@ proportion
of fatty acids of argan oil extracted with diffetenethods ranged from 19.45 to 20.30% for saturai4l95 to
47.02% for monounsaturated- and 32.17 to 34.56%pfdyunsaturated fatty acids. These levels weresistant
with previous reports [4, 22] and those adoptedheyMoroccan standard (08.5 NM .090) defining thteda for
purity and quality of argan oil [21]. On anothemHbaour results showed that the four types of thdad a low
content ina-linolenic acid (from 0.13 to 0.16%), an essentéty acid of the n-3 family. They confirmed those
reported in the literature [3, 4, 5] and showed the nutritional value of argan oil was mainly &édon its high
content of linoleic acid which is an essentialyatid of the n-6 family, and oleic acid of the rigdnily. In this
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regard, many studies showed the beneficial effeftthese fatty acids on health including the préioen of
coronary heart disease and cancer [8, 22].

Unlike fatty acids, the tocopherols content presgérgreat variations according to the extractionho@t(Table 3).
The rate of total tocopherols was significantlyfeliént: 1256.00, 1158.50, 864.25 and 588.25 mgékgectively in
oils extracted by Folch, Soxhlet, press and trad#i methods. These results showed that tocophese more
extractable with the chemical techniques using mingsolvents (Soxhlet and Folch). The traditionaitiod had the
lowest rate in tocopherols. Indeed, the use of madesolvent for the traditional method could affde extraction
of tocopherols in comparison to organic solventsoseh ability to extract lipids is greater [23]. Iwldition,
tocopherols are particularly sensitive to high tenapures and therefore they could destroy duriagtiog almonds
in artisanal extraction, and heating during therastion with press. In this regard, a destructiértozopherols
during heating vegetable oils and technologicatess of refining crude oils was reported [24]. Rentnore, some
authors noted that roasting seeds caused lossabherols. The loss increased with temperatureraasting time
[25, 26, 27, 28].

Our results showed thattocopherol represented the most important formoebpherols. Thus, values of 76%
(traditional method and press), 64% (Soxhlet) afdo6(Folch) were noted. Besides its antioxidant ,rgle
tocopherol is regarded as a form of vitamin E witiique nutritional and metabolic characteristica ttistinguish it
from a-tocopherol which is the predominant and activenfan the tissues. In fact, recent studies showesg@ntive
effects against cancer and cardiovascular diseagedple with higher plasma levelsyefocopherol in comparison
to a-tocopherol [29, 30]. Thus, argan oil could be assd as a good source pftocopherol, better than
conventional oils known for their richness in tlmolecule as rapeseed and soybean oils, and unlike and
sunflower oils which are more important sources-tdcopherol [31].

The content of phospholipids was also influencedhayextraction method (Table 3). It was signifitamigher in

the oil extracted by the Folch method (0.45%) comgato the other techniques (0.08%, 0.07% and 0.11%
respectively for Soxhlet, press and traditional lrods). Similarly, previous works on other oilseédsnflower,
soybean, olive) showed that the composition of micmmpounds was strongly influenced by the naturéhe
solvents used for extraction [19, 32, 33]. Indethd, extraction of the phospholipids depended ontype of the
solvent used in relation to their bipolar structatl®wing them to be more extractable with a palaivent (Folch
method).

Table 3. Tocopherols, phospholipids and oxidativetability of argan oil according to the extraction nethod

Folch Soxhlet Traditional Press
a-tocopherol (mg/Kg) 15850 +7.54a 133.5+4.79b 2 +@.45d 86.5 + 2.081
y-tocopherol (mg/Kg) 870.75+3.77a 740.25 + 10.784B0.75 + 10.99d 658.50 +5.97¢
3-tocopherol (mg/Kg) 226.75+2.97b 284.75+4.2fa 5.50 + 12.39d| 119.25+2.5c
Total tocopherols (mg/Kg) 1256.00 + 8.33a 1158.5 + 18.63b] 588.25 £19.29d 864.25 + 5.91c
Total phospholipids (%) 0.45 £ 0.09h 0.08 +0.02a .11G 0.03a 0.07 + 0.023
Swift test (hours) 45.06 + 0.433 26.00 + 0.54b 2®.14d | 23.50+0.41

For each line, the values followed by the sametette not significantly different at P = 0.05.

Furthermore, we noted a slight increase in the phaolipids content in the traditional oil comparem those
extracted using Soxhlet and press. This could leetalthe roasting almonds before extraction. Indsethe studies
reported that the brown coloration obtained by tingsseeds was due to the formation of the Maillegdction
products and the increase of phospholipids corf8ht35].

As to the oil oxidative stability, significant vations depending on the extraction method wererdecb(Table 3).
The accelerated oxidation test at 100 °C and thé&raited flow of air sparging, indicated that thwé¢ to reach a PV
of 100 meq@Kg in the oils extracted by Folch , Soxhlet, prasd traditional method are respectively 45.060@6.
23.5 and 20.37 hours. The higher stability recorihethe case of the oil extracted by Folch woulddoe to the
protective effect of tocopherols and phospholipithéch were better extracted using this method.

The oils stored at 65 °C in darkness indicated ttatPV evolution presented two phases (Figur&lig.first phase
corresponded to the gradual increase of this indietd reaching a maximum value. The second phass wa
characterized by a rapid decrease of the valuass, the oils extracted by traditional method aresprshowed an
increase in PV from the first days of storage. Maximum values were reached after 5 weeks foraaudilsoil and 6
weeks for the oil extracted by press. The oil etgd by Soxhlet remained stable during the firstéhweeks. PV
increased from week 4 and a maximum value of 53888Q/kg was reached at week 8. In the case of the oil
extracted by Folch, PV remained close to 10 mégpDfor 8 weeks of storage. After this time a stigise was
recorded and the maximum value was reached at W@€k66.66 meq&kg). The combining of these results to the
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accelerated oxidation test (Swift) demonstrated tha argan oil extracted by the traditional metthad a lower
oxidative stability compared to oils extracted bgldh, Soxhlet and press techniques. This low stahif the
traditional oil could be related firstly to its lotwcopherols content as these molecules are natntalxidants and
prevent oxidation reactions of unsaturated fatigsaf20]; and secondly to the presence of oxidatiatalysts such
as metals and free fatty acids. In this contexdyious studies showed that the argan oil extraoiethe traditional
method had higher levels of metals as copper [Bd]weas less stable compared with that obtainedrésspre [10,
37].

In our study, the highest oxidative stability walsserved in the oil extracted by Folch method andseh
tocopherols content was the most important. Funtbee, this technique permitted extracting more pho8pids

compared with other methods. These molecules ast@mdary antioxidants by chelating metals (icmpper) and
are synergists with tocopherols which are primamyoxidants [20, 38, 39]. This synergistic actioasaprobably the
origin of the stability observed in the oil extradtby the Folch method despite the high conteffitesf fatty acids
that are pro-oxidants. This finding was in agreeneith results reported on soybean oil by Kim anodoW [19].

These authors showed that the oxidative stabilityhe oil varied depending on the mode of extract{Bolch,

Hexane and Water) and the oil extracted by thetFolethod was the most stable and the richest isgitadipids.

600 1 —e—Traditional —®—Folch —&—Soxhlet —&—Press
500
400
300

200

Peroxide Value (meq O2/Kg)

100

0 L
4 5 6 7 3 9 10
Weeks

-2
4

Figure 1. Evolution of peroxide value at 65 °C dumng 10 weeks according to the extraction met
CONCLUSION

Our results demonstrated that the composition hadstability of argan oil varied with the extractimethod. The
traditional oil showed a lesser quality and a ldabgity compared to other extraction techniquese Bil extracted
by the Folch method was characterized by a highiecdrof tocopherols and phospholipids comparedéoather
extraction methods. Thus, the data from this sthiywed the interest to optimize the extraction wetim order to
reduce the loss of nutrients and natural antioxglamich would better preserve the oil quality.
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