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Volatile Compound Formation During Argan Kernel Roasting
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Virgin edible argan oil is prepared by cold-pressing argan kernels previously roasted at 110°C for up to 25 minutes. The concentration of 40 volatile
compounds in virgin edible argan oil was determined as a function of argan kernel roasting time. Most of the volatile compounds begin to be formed after 15 to
25 minutes of roasting. This suggests that a strictly controlled roasting time should allow the modulation of argan oil taste and thus satisfy different types of
consumers. This could be of major importance considering the present booming use of edible argan oil.

Keywords: Argan oil, GC/MS, Flavor variation, Aroma variation.

Argan oil, the basic ingredient of the Amazigh diet [1], has become
a major player in the competitive virgin oil kingdom. This is due to
its unique taste and numerous nutritional and pharmacological
properties [2,3]. Argan oil is prepared by extraction with a
mechanical press after the argan kernels have been roasted at 110°C
for the appropriate time [4]. During roasting, a hazelnut like-aroma
is developed, and this is transferred along with the oil during
extraction. However, if kernel roasting is prolonged over 25
minutes, the resulting oil presents an unpleasant taste, then a
burning taste, and is rejected by consumers [S]. A large number of
chemical compounds of different classes, such as aldehydes,
hydrocarbons, ketones, and furans participate in the argan oil final
aroma [6]. Most of these compounds are produced by oxidation of
fatty acids after enzymatic reactions occurring in the presence of
oxygen. Cq and Cs volatile compounds, which come from primary
or secondary lipoxygenase pathways, respectively, are particularly
well known to participate actively in the edible oil aroma [7].
Prolonged storage of the argan fruit also favors volatile compound
formation [8]. However, as also in the case of olive oil, those latter
are generally responsible for off-flavors [9]. Interestingly, the
distinctive hazelnut aroma of argan oil is also likely to be due to
pyrazines, formed from Maillard-type non-enzymatic reactions
between reducing sugar and free amino acid during the roasting
process [10], as frequently observed in many different types of
thermally processed food [11, 12].

This paper intends to macroscopically characterize the kinetics of
the volatile compound formation in argan kernels during the
roasting time. Such study could permit the tuning of the argan oil
aroma and possibly satisfy new types of consumers.

Already known volatile compounds isolated from argan oil belong
to six major families: alcohols, aldehydes, ketones, esters, terpenes,
and N-heterocycles [6]. Argan oil prepared from animal-processed
fruit possesses additional volatile compounds [6], but because of its
low quality [13], such oil was voluntarily excluded from this study.

However, the kinetics of the formation of all these families of
compounds is still unknown. Therefore, we chose several volatile
compounds belonging to each known family of argan oil volatiles
and quantified them all along the roasting process. Ten alcohols,
three aldehydes, four esters or lactones, three ketones, one terpene,
and ten N-heterocycles were selected (Table 1). Additionally, four
acid volatiles were also selected, together with five furans, even
though their presence had not been previously reported.

Oxygen reacts with unsaturated fatty acids to yield hydroperoxides
from which a large variety of volatile and non-volatile secondary
products are formed. Elevated temperature greatly favors volatile
compound formation through lipoxidation [14]. Aldehydes, acids,
and esters result from carbon-carbon cleavage. Other derivatives
result from more complex processes that may involve isomerization
[14]. For example, Strecker degradation is a well-studied process
that is known to afford aldehydes from amino-acids [15].

Acids play an important function in food taste. For example, valeric
and hexanoic acids possess a cheesy and barnyard animal flavor,
respectively. Whereas in argan oil the butanoic acid level remained
unchanged over a roasting period of 35 minutes, the level of valeric,
and hexanoic acids started to increase significantly after 20 minutes.
Such an increase unambiguously established the occurrence of a
process involving linoleic acid oxidation during this period. Among
the alcohols, 1-pentanol, 1-heptanol, and 1-octanol, three primary
alcohols known to result from secondary oxidation of oleic or
linoleic acids by autoxidation [16], were the three volatiles whose
content significantly increased after 20 minutes. Other alcohol
levels remained stable, attesting to the lack of influence of roasting
on either their formation or their fast involvement in subsequent
reactions. Interestingly, aldehyde content also increased after 20
minutes of heating. The hexanal level increased particularly rapidly
attesting to an oxidative process involving linoleic acid, consistent
with the previously observed formation of 1-hexanol. Concerning
benzaldehyde, which is likely to be a degradation product of the
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Table 1: Quantified volatile compounds (pg/kg of oil £SD) isolated in argan oil from kernels roasted for different times.

Roasting time (min.)

Compound Tons (m/z) 0 15 20 25 35 P
Acids
i-Butanoic 43,739, 88 0.5+0.1 0.5+0.05 0.5+0.05 0.5+0.05 0.6+0.02 0.7+0.4 ns
Butanoic 609, 73 1.1£0.1® 1.1£0.2® 1.2+0.1%° 1.6£0.2"¢ 1.9+0.6% 2.0+0.8¢ ”
Valeric 60° 0.5+0.1° 0.5+0.04° 0.4+0.02° 2.1£0.5° 1.6+0.6™ 1.3+0.5¢
Hexanoic 73 2.4+0.2° 1.9+0.1° 1.9+0.1° 7.3+2.1° 6.7+2.5° 6.8+3.3° ”
Alcohols
i-Butanol 43,744 0.5+0.1° 0.6+0.1" 0.7+0.1° 0.5+0.1° 0.3£0.1° 0.25+0.05* ™
1-Butanol 41, 567 1.240.1 1.3+0.1 1.0+0.02 1.6+0.22 1.4+0.05 1.6+0.63 ns
i-Pentanol 41, 55,70 7.9+1.1° 8.4+0.4° 9.6+0.1° 8.0+0.9 4.9+0.2° 4.8+1.6"
1-Pentanol 42,55, 709 3.0+0.2° 3.3+0.2° 3.1+0.1° 8.3+1° 8.3+0.5° 13.6+4.3°
1-Hexanol 569, 69 259+2.4 20.8+1.1 21.6+2.1 20.842.6 19.542.1 20.5+6.1 ns
1-Heptanol 56, 70% 0.54+0.03° 0.4+0.01° 0.5+0.06" 1.140.1° 1.740.2° 2.240.7°
2-Heptanol 454,55, 83 2.5+0.2° 1.5+0.05° 1.3+0.2° 1.4+0.2° 1.1£0.1° 1.3+0.4°
2,3-Butanediol d,/ 459 37+8 52.149.3 53.4+11.3 55.3+24.1 60.5+12.8 38.3+12.4 ns
2,3-Butanediol meso 459,57 42.1+16.3 51.1+15.7 44.0£11.6 43.3+16.6 55.6+16.4 39.7+14.6 ns
1-Octanol 569, 69, 84 0.5+0.04° 0.5+0.02° 0.7+0.1° 0.9+0.15 1.4+0.3% 1.6+0.6°
Aldehydes
Hexanal 44, 56%, 72 3.95+1° 2.4+0.8° 2.1£0.6° 6.1£1.9° 20.143.3° 31.9£12.5°
Nonanal 574 0.8+0.8% 0.2+0.02° 0.2+0.02° 0.6+0.13° 1.7+0.5 2.8+1.4°
Benzaldehyde 1059 0.5+0.1° 0.4+0.1° 0.5+0.1° 0.9+0.2" 1.6+0.2° 1.740.6°
Esters, lactones
Ethyl 2-methyl butanoate 57,85, 102 0.4+0.05° 0.2+0.01° 0.10.02° 0.2+0.02* 0.2+0.02* 0.20.06"
i-Amylacetate 55,704 2.1£1% 1.8+0.07° 0.9+0.5° 1.6+0.4% 1.6+0.1¢ 1.120.5¢ -
y-Butyrolactone 42, 56, 864 2.1£0.5% 1.4+0.2° 1.5+0.04° 3.2+0.6" 3.8+1.2¢ 4.0+1.8° -
3-Caprolactone 42,709 0.1£0.01° 0.09+0.01%®° 0.1£0.01% 0.3+0.04" 0.4+0.05° 0.4+0.2°
Ketones
2-Heptanone 43,589,114 0.8+0.4" 1.00.05° 1.3+0.2° 4.4+0.7° 4.6+0.6" 6.4+2.3°
Acetoin 43,459 6.5+1.1%° 9.21+2.3° 14.1+1.4° 12.8+1.3¢ 6.4+0.4% 6.5+3.4%
2-Undecanone 43,584 71 0.2+0.02° 0.2+0.05° 0.4+0.2° 1.9+0.3¢ 2.2+0.4%® 3.2+1.2%
Terpene
Limonene 68,934, 121 1.120.1° 0.5+0.03° 0.5+0.08" 0.8+0.1° 0.8+0.1° 0.55+0.4° ”
N-Heterocycle
1-Methyl-1H-pyrrole 39, 53, 81¢ 69.3+18.2° 61.6+2.2° 89.1£1.3° 145.5£9.6° 172.4+3.2° 160.1+65.8° ™
2-Methyl pyrazine 67, 94 3.2+0.25° 0.8+0.07° 7.4+0.5° 52.3+6.4° 134.7+61.0° 158.2+61.5° ™
2,6-Dimethyl pyrazine 42,81, 1087 10.7£2.6® 1.5+0.1° 17.7£1.3% 106.7+16.4° 88.4+16™ 261.1£110.3¢
2,3-Dimethyl pyrazine 67, 1087 0.1+0.02° 0.1+0.01° 0.5+0.05° 2.7+0.4° 1.8£0.2% 8.8+3.1¢ -
2-Ethyl-5-methyl pyrazine 121, 122¢ 1.8+0.5° 0.06+0.01° 1.4+0.2° 5.4+0.6° 4.9+0.9° 23 .448.6°
2-Ethyl-6-methyl pyrazine 1219, 122 - 0,05+0,08° 2.940.15° 15.2+2° 15.4+2.7° 425+168° 7
Trimethyl pyrazine 42,81, 122¢ 1.1£0.2° 0.2+0.02° 3.4+0.3® 14.31.9° 13.1+1.6™ 39.8+14.6° 7
2-Ethyl-3,5-dimethyl pyrazine 1359 0.6+0.05° 0.140.01° 3.6£0.3%® 10.9+1.6" 12.7+1.7¢ 30.5+11.2¢ 7
Pyrrole 39, 67¢ 0.3+0.03° 0.3+0.1° 0.3+0.02° 3.1240.4° 1.7+0.12° 12.6+4.2°
1 H-Pyrrole-2-carboxaldehyde 959 0.3+0.04° 0.03+0.01° 0.08+0.01° 0.4+0.08" 0.6+0.2° 2.6+1.5°
Furans
2-Pentyl furan 53,819,138 9.4+1.1° 4.9+0.3° 6.4+0.8° 10.9+1.1° 13.5+2.5% 20.6+13.4°  °
Furfurol 96¢ 2.3+0.2° 0.2+0.3° 1.1£0.08" 19.3+2.9° 12.942.1° 84.9+33.8° 7
2-Furanmethanol 55,1119, 126 - 0.8+0.1° 1.1£0.04° 2.8+0.3 2.9+0.5° 14.0+6°
2(5H)-Furanone 55, 844 - 0.1+0.02° 0.2+0.01° 0.7+£0.02%° 0.9+£0.36° 1.98+0.9°
Furaneol 85, 1281 - - - 1.2+0.1* 1.9£1.1° 4.1+22°

9: Quantifier ion. Different letters in the same row at mean concentration values indicate significant differences ( p<0.05)as analyzed by Duncan test .

*: p<0.05; *%: p<0.01; **%; p<0.001.

amino-acid phenylalamine following the Strecker degradation
sequence [17]; its level also increased after 20 minutes. However,
the slow rate of formation of benzaldehyde, compared with either
hexanal or nonanal, suggests a moderate role for the Strecker
degradation in the volatile formation in argan oil at 110°C. Among
esters and lactones, ethyl 2-methylbutanoate, iso-amylacetate, y-
butyrolactone, and &-caprolactone were easily quantified. The
concentration of these four molecules decreased during the first ten
minutes of heating, likely due to their high volatility. After 20
minutes of roasting, concentration of esters and lactones started to
increase. Such a trend was particularly important for iso-
amylacetate and y-butyrolactone. Concentration of the former
decreased after 35 minutes of heating, Ethyl 2-methyl butanoate and
O-caprolactone required a slightly longer heating period to
accumulate. Ester and lactone formation necessitates two steps:
first, alcohol formation, then its esterification with acid. Therefore,
their high content in argan oil after 25 minutes of kernel roasting
could be explained either by their inherent heat-induced formation
or by the initial delay in producing the necessary alcohol and acid

derivatives. Like aldehydes, ketones are ultimate secondary
lipidoxidation products [16]. The level of acetoin, a ketone known
to contribute to the creamy and buttery aroma, peaked after 15
minutes of heating, then decreased to reach its initial low value after
25 minutes.. Concerning the two other ketones quantified, levels of
2-heptanone and 2-undecanone consistently and significantly
increased after 20 minutes of roasting. Limonene was the only
terpene easy to quantify. Its concentration decreased rapidly after
heating, likely due to degradation and/or heat-induced loss. Ten N-
heterocyclic volatiles were analyzed. In oils prepared from roasted
seeds, pyrazines are generally considered to occur in the course of
the Maillard reaction [18, 19]. Very interestingly, most pyrazines
are correlated with sensory attributes, such as roasty, nutty, and
woody [20], the attributes looked for to describe quality argan oil
[21]. All studied pyrazines started to accumulate after 15 min of
heating. For pyrroles, another type of flavor compound eliciting a
typical meat or roasted flavor, 20 minutes were necessary for their
formation. Interestingly, it has been shown that for pumpkin seed
oil, a roasting temperature higher than 100°C is necessary to
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achieve a large production of N-heterocyclic compounds [20],
whereas for perilla seed oil, the roasting temperature must be higher
than 150°C. Our study provides evidence that the generally
accepted optimum roasting time of 20-25 minutes for argan kernels
[5] indeed corresponds to the time necessary to form those specific
compounds that present the looked for flavor attributes.

Furans are commonly found volatiles in oilseed products [19]. They
can result from two formation pathways: lipid peroxidation or
carbohydrate degradation. Four furan derivatives were quantified. 2-
Pentyl furan is derived from lipid peroxidation [22]. It is an
important compound since it possesses flavor properties [23]. 2-
Pentyl furan started to accumulate after 25 minutes of roasting.
Once again, reduction in 2-pentyl furan concentration during the
first 20 minutes of heating likely results from its high volatility.
Levels of furanmethanol and furfurol, which are formed by
degradation of carbohydrates [24], increased rapidly after 15
minutes. Furaneol, that could not be detected in fresh kernels,
appeared after 20 minutes of heating.

The results of our study clearly show that the roasting process of
argan kernels is a major step to obtain the aroma of the final
product. Roasting induces the formation of several compounds,
including those from Strecker degradation, lipid peroxidation, and
Maillard reaction. Because at 110°C the kinetic of formation of
these compounds is different, it is reasonable to suggest that the use
of appropriate roasting times should afford argan oils whose health
benefits would be preserved, but presenting a variety of taste. Such
produce is particularly looked for in the haute cuisine domain.

Experimental

Sample preparation: Argan fruit {Argania spinosa (L.) Skeels}
was collected during the summer of 2010 in the Ait Baha area
(Morocco). Harvested argan fruit was crushed and pulped. Nuts
were broken to afford kernels, which were divided into 6 batches.
The first was not roasted, but the 5 others were roasted at 110°C
using a mechanical roaster whose temperature was controlled using
a Testo 945 sensor/thermometer (Testo, Casablanca, Morocco), for
10, 15, 20 , 25 and 35 min. Then, each batch was separately
mechanically cold-pressed using Komet DD 85 G presses (IBG
Monforts Oekotec GmbH, Mdonchengladbach, Germany) to afford
virgin argan oil.

SPME sampling conditions: Analysis was performed as described
by Baccouri et al. [25]. Each oil sample was spiked with 4-methyl-
2-pentanone (internal standard) to a final concentration of 6.7
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pg/kg. Then 1.5 g was introduced into a 10 mL vial fitted with a
silicone septum. The vial was immersed in a water bath at 40°C and
the oily solution maintained under magnetic stirring. After 2 min, a
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS)
fiber (50/30 um, 2 cm long from Supelco Ltd., Bellefonte, PA) was
exposed to the sample headspace for 30 min [35] and immediately
desorbed for 2 min at 260°C in the gas chromatograph in splitless
condition. All the analyses were performed in triplicate.

GC-MS analysis: GC/MS analysis was performed with a Shimadzu
GC-2010 gas chromatograph equipped with a Shimadzu QP-2010
Plus quadrupole mass spectrometer (Shimadzu Corporation, Kyoto,
Japan) and a DB-WAXETR capillary column (30m x 0.25 mm, 0.25
mm film thickness, (J&W Scientific Inc., Folsom, CA, USA). The
temperature program started at 40°C for 10 min, and increased at a
rate of 3°C min™' to 200°C and held for 5 min. The carrier gas used
was He at a flow-rate of ImL min™". The injection port temperature
was 260°C, the ion source temperature 240°C, and the interface
temperature 230°C. Detection was carried out by electron impact
mass spectrometry in total ion current (TIC) mode, using an
ionization energy of 70 eV. The mass acquisition range was m/z 33—
330. The identification of volatile compounds was confirmed by
injection of pure standards, and by comparison of their retention
indices (a mixture of a homologous series of Cs-Cyg was used), MS
data reported in the literature and in the database
(http://webbook.nist.gov/chemistry/).

Compounds for which pure standards were not available were
identified on the basis of mass spectra and retention indices
available in the literature. The relative concentration (mg/kg™ of oil)
of the identified compounds was calculated by relating the areas of
the internal standard by means of the quantifier ion (m/z 100) to the
areas of the characteristic ions (quantifier ions) of each compound.

Statistical analysis: Significant differences among different roasted
oils were tested by the one-way analysis of variance and the Duncan
test for mean comparison. Statistical analyses were performed
using the software package Statistica version 7 (Stat-Soft, Tulsa,
OK, USA).
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