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INTRODUCTION 

Canelo pepper corresponds to a product made from the fruits 
of the species Drimys winteri (family Winteraceae) that grows 
as a shrub or tree in the Patagonian Andean Forests of Argentina 
and Chile [1]. These fruit, that contain aromatic and sapid 
substances, are used to season meals [2] and their consumption 
has been traditionally associated with medicinal properties. 
Moreover, the Canelo tree is sacred for the Mapuche people, 
an indigenous ethnic group from Argentina [3,4]. Additionally, 
Monsálvez et al. [5] have described the antifungal effect of Canelo 
associated with the presence of sesquiterpenes. In particular, 
unsaturated dialdehyde sesquiterpenes (polygodial and drimenol) 
are known for their antimicrobial activity and pungency [6,7]. 

On the other hand, thermal processing of foods is based on the 
application of heat at a certain level for a particular length of time 
to inactivate microorganisms and enzymes to a targeted level in 
order to stabilize the product during subsequent storage [8]. Since 
all the reactions are accelerated at high temperatures, the quality 
(e.g., nutrient content, flavor, process-induced contaminants) of 
the product is (mostly) negatively affected [9]. In Chile, Canelo 
fruit are dried acquiring a brown coloration and in this form are 

commercialize as Southern Pepper [10]. In Argentina, two types of 
roasting of the fruit are made obtaining green and brown pepper, 
being the green, the most valued for its pungence [1]. Recent 
studies [11,12,13] have been focused on the volatiles or flavor 
of black pepper; however, studies about the influences of drying 
methods on volatiles modification of spices are limited [14]. 

The hypothesis of this work was that the drying conditions 
applied to the Canelo fruit modify the composition of their 
volatile compounds. So, the aim of this study was to evaluate the 
effect of two drying conditions on the composition of volatile 
compounds (VOC) of these fruit collected from forests at the 
coast area of the Beagle Canal, Ushuaia, Argentina.

MATERIALS AND METHODS

Pepper Samples and Treatment

Fruit of Drymis winteri were harvested manually and subjected 
to two treatments. A batch, immediately after harvesting, was 
subjected to a mild drying treatment (MD) in a ventilated 
dryer for 2 days at 30 °C. This drying produced green fruits (G). 
Another batch, processed after 24 hours of harvesting, was 
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subjected to a strong drying (SD) of 6 days at 43 °C in a stove 
without ventilation. This drying (SD) produced brown fruits (B). 
This darkening also occurs when the fruits are damaged during 
harvest, promoting enzymatic oxidations. In addition, samples 
without any treatment were analyzed as fresh control (F). 

Solid Phase Microextraction (SPME) Conditions

Volatile compounds of samples were determined by SPME 
with a Divinylbenzene/Carboxen/Polydimethylsiloxane (2 cm 
length; 50/30 µm coating thickness) fiber and a manual holder 
(Supelco Inc.Bellefonte, PA, USA). Two grams of ground fruit 
were immediately transferred into 10 ml glass vials (Varian Inc, 
Argentina), which were hermetically covered and closed with 
aluminum caps and silicone/ Polytetrafluoroethylene (PTFE) 
septa (Sigma-Aldrich, Argentina) for analysis. Vials were placed 
in a dry heating block with magnetic agitation, with temperature 
control (Pierce Reacti-therme, Thermo Scientific) at 55 ± 1 °C 
for 15 min, and then exposed the fiber in the headspace for 
15 min. After this time, the fiber was retracted and taken to 
the injection port of the gas chromatograph (GC).

VOC Analysis by Gas Chromatography-mass 
Spectrometry (GC-MS)

The desorption of the VOC retained in the fiber was performed 
thermally at 220 °C for 0.5 minutes (splitless mode). A gas 
chromatographer equipped with a micro-capillary chromatographic 
column SLB-5-MS (15 m x 0.10 mm x 0.10 µm) and coupled to 
a mass spectrometer (MS) as a detector (Shimadzu QP-2010, 
Tokyo, Japan) was used for the separation and identification 
of compounds. Chromatographic conditions of the GC were: 
detector temperature: 220 °C; column temperature program, 
30 °C for 2 min, 5 °C/min to 150 °C, temperature that was kept 
for 5 min and 40 °C/min to 290 °C, temperature that was kept 
for 10 min. The operating conditions of the MS were: ionization 
voltage, 70 eV; interface temperature, 300 °C; scan mass range, 
33 to 400 m/z; scanning speed, 2000 amu/sec; carrier gas, helium 
(0.62 mL/min). Peaks spectra were compared to information 
stored in the software’s spectrum library (NIST, Version 2.0, 2002; 
NIST USA).

Experiences were conducted in triplicate.

Statistical Analysis

The percentage of the different groups of volatile compounds 
were compared for the three sample types (F, G, and B) of 
pepper, using ANOVA. The least significant difference (LSD) 
test (SPSS version 10.0, Chicago, USA) was used to detect 
statistically significant differences between the means.

RESULTS AND DISCUSSION

A total of 107 compounds belonging to the chemical groups 
of acids (1), alcohols (1), aldehydes (8), hydrocarbons (6), 
esters (6), ketones (4), terpenes (70), ethers (2) were identified 
in the Canelo pepper samples studied.

The predominant compounds in all the samples were 
terpenes (> 80 %) and within them, the monoterpenes. 
Alcohols were the second major chemical compounds 
in Canelo pepper (2 to 4 %) (Table  1). In F pepper, the 
predominant alcohol was 3-octanol that is associated with 
soil, moldy, herbal odor [15]. G pepper presented the lowest 
value of alcohols (2.23%) and the most important compound 
corresponding to this type of chemical compounds in these 
fruit was 2-ethylhexanol which is associated with the flavor 
of green and roses [16]. In B pepper, the predominant 
alcohol was butane-2,3-diol, occupying the fourth place 
among all the volatiles identified in this sample. This alcohol 
can be generated by the oxidation of lipids [17] and also 
by fermentation and contributes to the soft, sweet and 
balsamic flavors [18]. Among the acids, only acetic acid was 
identified in the G and B samples. G had the lowest value 
(0.51 ± 0.04 %) and B, the highest value (1.72 ± 0.61 %). 
Acetic acid is an oxidation product of ethanol [19]. Then, 
this fact could explain the presence of ethanol in fresh 
pepper and acetic acid only in dried samples. B pepper had 
the highest percentage of aldehydes (Figure  1) (2.44 %). 
The presence of hexanal in all the samples is worth to be 
highlighted (Table  1). This compound represents a low 
proportion of the volatiles in F pepper but the amount of it 
is increased as long as the treatment of drying becomes more 
severe. Although hexanal has been described in peppers and 
has been associated with green and spicy flavors [20], in high 
concentrations is a VOC that has been associated with the 
development of undesirable flavors. The content of hexanal, 
which is the major breakdown product oxidation of linoleic 
acid (LA), an n – 6, polyunsaturated fatty acid (PUFA), has 

Table  1: Alcohols and aldehydes (arbitrary area units, %1) 
identified in the volatile fraction of fresh, mild dried (green) 
and strong dried (brown) Canelo pepper.
Compounds Fresh Green Brown

Alcohols
Ethanol 1.35±0.14 nd nd
1-Pentanol nd 0.08±0.01 nd
2-Heptanol 0.10±0.02 nd nd
3-Octanol 1.99±0.48 nd nd
2-Nonen-1-ol- 2-methyl 0.30±0.02 0.33±0.05 nd
2-Ethylhexanol nd 1.67±0.43 nd
2-Methyl-1-octanol nd 0.05±0.01 nd
Butane-2,3-diol nd nd 4.24±0.53
2-Isopropyl-5-methyl-1-
heptanol

nd nd 0.03±0.00

4-Allyl-2-methoxyphenol 0.21±0.06 0.10±0.02 nd
Aldehydes

3-Methylbutanal 0.14 ± 0.06 nd 0.08±0.03
2-Methylbutanal 0.08 ± 0.02 nd 0.18±0.02
Pentanal nd 0.14 ± 0.02 nd
Hexanal 0.26 ± 0.01 0.56 ±0.11 1.75±0.82
(E)-2-Hexenal  0.02 ± 0.00 nd nd
Benzaldehyde 0.01 ± 0.00 nd nd
(E)-2-Heptenal nd nd 0.10±0.00
α -Campholenaldehyde nd nd 0.34 ±0.04

1Arbitrary area units (%) express the percentage ratio between the area 
value, in arbitrary area units, of the peak of the compound and the value 
of the total area of the volatile fraction of the sample. Data are expressed 
as means ± standard deviations (n=3). nd: Not detected.
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Table 2: Hydrocarbons, esters and ketones (arbitrary area units, 
%1) identified in the volatile fraction of fresh, mild dried (green) 
and strong dried (brown) Canelo pepper
Compounds Fresh Green Brown

Hidrocarbons 
Toluene 1.33± 0.29 nd nd
Annulene 0.10± 0.02 nd nd
(5z)-5-undecen-3-yne nd 0.12± 0.03 nd
Octadecane nd nd 0.18± 0.07
Heptadecane  nd nd  0.16± 0.06

Esters
Methyl 2-methylbutanoate 0.02± 0.00 nd nd
 3-Methylbutyl acetate  0.05± 0.01 0.17± 0.01 0.14± 0.05
Methyl 2-methyloctanoate 0.12± 0.03 0.42± 0.05 0.55± 0.22
3-Octyl acetate nd 0.71± 0.18 0.51± 0.09

Ketones
2-Propanone nd 0.86±0.04 0.18±0.06
2-Heptanone 0.03±0.01 nd nd
3-Octanone 1.37± 0.71 0.65±0.03 nd
3-Hydroxy-2-butanone nd  nd 1.04±0.08

1Arbitrary area units (%) expresses the percentage ratio between the area 
value, in arbitrary area units, of the peak of the compound and the value 
of the total area of the volatile fraction of the sample. Data are expressed 
as means ± standard deviations (n=3).  nd: Not detected.

Figure 2: Monoterpenes and sesquiterpenes (arbitrary area units, %) 
identified in the volatile fraction of fresh, mild dried (green) and strong 
dried (brown) Canelo pepper.  Arbitrary area units (%) express the 
percentage ratio between the area value, in arbitrary area units, of 
the peak of the type of compounds and the value of the total area of 
the volatile fraction of the sample. Error bars correspond to standard 
deviations. Values with different letters are significantly different 
(P<0.05)

Table 3: Monoterpenes (arbitrary area units, %1) identified in 
the volatile fraction of fresh, mild dried (green) and strong dried 
(brown) Canelo pepper
Compounds Fresh Green Brown

Monoterpenes
α-Thujene 2.79±0.47 0.40±0.01 0.28±0.07
α-Pinene 9.26± 2.18 11.30±0.55 17.58±1.28
Camphene 1.10±0.10 0.92±0.08 1.80±0.52
β-Pinene 11.37±0.69 11.41±0.40 0.64±0.18
Myrcene 6.70± 1.25 4.71± 0.79 2.69±0.50
α-Phellandrene 1.39±0.31 1.96±0.31 nd
3-Carene nd 0.49±0.01 2.22±0.13
α-Terpinene 1.26±0.28 0.60± 0.12 0.98±0.39
p-Cymene 2.43± 1.05 1.82± 0.13 nd
Limonene 5.10±0.57 4.76±0.22 4.19±1.31
α-Ocimene 8.01± 0.88 7.82±0.10 3.57±1.07
β-Ocimene 0.50± 0.11 0.45±0.03 nd
γ-Terpinene 2.74± 0.77 1.30± 0.25 3.86±0.54
cis-Sabinene hydrate 0.08±0.02 0.25± 0.11 0.29±0.14
(+)-4-Carene 0.57±0.40 0.69±0.01 0.65±0.24
Fenchone 0.33± 0.11 5.50±0.04 nd
Linalool 7.88±0.16 0.35±0.07 5.26±1.55
trans-allo-Ocimene nd 0.33±0.02 nd
Camphor 0.90± 0.17 0.07±0.01 0.20±0.01
trans-Pinocarveol nd 0.62±0.04 0.07±0.01
Borneol 1.32±0.13 0.15±0.00 0.36±0.07
Terpinen-4-ol 0.82±0.22 1.02±0.08 0.25±0.01
α-Terpinol 2.23±0.56 0.03±0.00 0.43±0.15
Verbenone nd 0.09±0.01 nd
Nerol 0.24±0.06 0.75±0.12 0.07±0.02
trans-Carveol nd nd 0.08±0.03
Dehydro-p-cymene nd nd 0.12±0.00

Arbitrary area units (%) expresses the percentage ratio between the area 
value, in arbitrary area units, of the peak of the compound and the value 
of the total area of the volatile fraction of the sample.Data are expressed 
as means ± standard deviations (n=3). nd: Not detected.

been used to follow the course of lipid oxidation and off-
flavor development in foods. A “cardboard-like” off-flavor is 
frequently associated with dehydrated milk products. This 
effect is highly correlated with the concentration of hexanal 
at the headspace of the product [21,22]. A previous work 
has described that Canelo pepper contains a high amount 
of PUFA among its fatty acids [1]. This could explain the 
greater amount of hexanal found in B pepper, which had been 
subjected to more severe drying conditions than the green 
one. Besides, F pepper had the lowest amount of hexanal.

Hydrocarbons represented a relatively important group in F pepper 
(Figure 1) which presented the highest amount of compounds 
of this group (2.66 %). The most important compound was 

Figure  1: Acids, alcohols, aldehydes, hydrocarbons, esters and 
ketones (arbitrary area units, %) identified in the volatile fraction of fresh, 
mild dried (green) and strong dried (brown) Canelo pepper.  Arbitrary 
area units (%) express the percentage ratio between the area value, 
in arbitrary area units, of the peak of the type of compounds and the 
value of the total area of the volatile fraction of the sample. Error bars 
correspond to standard deviations. Values with different letters are 
significantly different (P<0.05)
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Table 4 : Sesquiterpenes (percentage of arbitrary area units1) identified in the volatile fraction of fresh, mild dried (green) and 
strong dried (brown) Canelo pepper
Compounds Fresh Green Brown

Sesquiterpenes
Bicicloelemene nd 0.37±0.06 0.06±0.02
α-Cubebene nd 1.42±0.04 2.50±0.72
Eugenol nd nd 0.11±0.04
α-Copaene 0.69±0.07 2.20±0.17 3.40±0.23
β-Bourbonene 0.28±0.06 0.35±0.00 0.35±0.07
β-Elemene 1.12±0.31 1.42±0.21 1.46±0.00
γ-Elemene 0.17±0.05 nd nd
α-Gurjunene 2.41±0.32 1.55±1.02 2.50±0.08
α-trans-Bergamotene 0.57±0.11 nd 0.84±0.05
β-Caryophyllene 3.07±0.31 1.49±0.10 4.70±0.48
β-Cubebene nd 0.38±0.06 0.32±0.01
Aromadendrene 1.23±0.26 0.67±0.23 1.90±0.11
α-Humulene 1.42±0.20 nd nd
Farnesol nd 2.02±0.30 2.55±0.87
allo- Aromadendrene nd 1.61±0.13 nd
γ-Gurjunene sd 0.70±0.07 0.59±0.16
Germacrene D 1.59±0.33 2.98±0.53 1.75±0.01
Selinene nd 0.19±0.07 1.73±0.22
Bicyclogermacrene 2.92±0.24 4.43±0.05 nd
Shyobunone 1.05±0.07 nd 1.23±0.05
β-Bisabolene nd 2.54±0.17 2.99±0.38
δ-Cadinene 1.08±0.21 1.27±0.19 nd
Cadina-1.4-diene nd 0.37±0.01 0.50±0.04
α-Murolene nd 0.26±0.05 nd
Nerolidol nd 0.58±0.10 1.26±0.08
Palustrol nd 0.15±0.03 0.12±0.04
Spathulenol nd 0.26±0.02 0.49±0.07
β-Eudesmol 0.50±0.04 0.66±0.09 0.40±0.09
Caryophyllene oxide 0.79±0.08 2.27±0.09 2.04±0.16
Viridiflorol 0.08±0.02 0.12±0.01 0.11±0.04
γ-Eudesmol 0.56±0.04 0.64±0.03 0.85±0.23
Cyclosativene nd 0.07±0.01 nd
α-Eudesmol 0.54±0.07 0.90±0.17 0.52±0.09
α Elemol 0.10±0.04 0.24±0.05 0.11±0.04
Carotol nd 0.12±0.02 0.02±0.01
Drimenol 0.50±0.10 0.65±0.16 0.61±0.00
Nootkatone nd nd 0.35±0.09
α-Cubebene 0.96±0.14 nd nd
2,2,7,7-Tetramethyltricyclo[6.2.1.0(1,6)]undec-4-en-3-one 0.13±0.04 nd nd
β-Farnesene nd nd 2.26±0.45
α-Calacorene nd nd 0.63±0.13

1Arbitrary area units (%) expresses the percentage ratio between the area value, in arbitrary area units, of the peak of the compound and the value of the 
total area of the volatile fraction of the sample. Data are expressed as means ± standard deviations (n=3).  nd: Not detected.

toluene (Table 2), only detected in F samples. This aromatic 
hydrocarbon has been described in other plant species [20]. On 
the other hand, F pepper had the lowest amount of esters (0.20 %) 
(Figure 1). Four esters were identified in the samples analyzed 
(Table 2). Esters of acetic and octanoic acids with butanol and 
methanol alcohols were found. The compound 3-methylbutyl 
acetate was identified in all the samples and has been associated 
with the flavor of fruits, especially banana [19]. The three types 
of pepper did not differ in the total content of compounds from 
the ketone group (Figure 1). Within this group, four compounds 
were identified in the samples analyzed (Table 2). In F pepper, the 
main ketone was 3-octanone, which was not detected in samples 
subjected to drying treatment. A similar situation was observed 
in the drying of common pepper (from Piper nigrum) [20]. The 
presence of 3-octanone within the volatile compounds of a product 
is associated with butter, herbaceous and mold flavor [16]. In 

both G and B pepper, the presence of 2-propanone was detected. 
This compound has previously been described in other foods as 
a result of processing [23] and is characterized by imparting spicy 
flavor [16]. The 3-hydroxy-2-butanone was the predominant 
ketone observed in B pepper, this compound contributes to the 
flavor with notes of butter, cream and green pepper [16]. 

The compounds of the ether group were only identified in 
F pepper with amounts that were less than 1 % (1-methoxy-
2-methylbenzene y bornyl acetate). These compounds 
are associated with floral, green, herbaceous flavors [16]. 
Terpenes showed the largest diversity of compounds in this 
study and the three types of pepper differed in their content. 
Szőke, Lemberkovics, and Kursinszki [24] described that 
the peppery odor of pepper is due to 1–3.5 % of an essential 
oil rich in terpenoid. B pepper had the lowest percentage 
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of these compounds (88.6 %) and G pepper the highest 
(93.61 %) (Figure 2). Considering the different treated peppers, 
F pepper had the highest percentage of monoterpenes (67 %) 
while B pepper had the lowest (47 %) percentage of these 
compounds. On the other hand, B pepper had the highest 
percentage of sesquiterpenes (42 %) while F pepper had the 
lowest (24 %) percentage of these compounds. These results 
could be explained by the fact that terpenoids in samples might 
be directly produced or converted from an initial product to 
sesquiterpenes or monoterpenes by oxidation, dehydrogenation 
and other reaction during the processing [25].

Table 3 shows the 27 monoterpenes identified in the Canelo 
pepper samples. β-pinene and α-pinene resulted in the 
predominant compounds in F pepper (11.37 and 9.26 %, 
respectively) and G pepper (11.41 and 11.30 %, respectively). 
Flavour descriptors of β-pinene are dry-woody, pine-like, 
resinous-terpene-like and spicy [26]. In B pepper, the main 
monoterpene was α-pinene (17.54%) followed by linalool. 
These monoterpenes impart notes of pine, wood and resin 
flavor [27,16]. These results are consistent with Barrero et al. [28] 
who analyzed the composition of the essential oil of D. winteri 
wood. Cicció [29] and Monsálvez et al [5] also reported the 
presence of the β-pinene and α-pinene but in essential fruit oils. 
The high proportion of β-pinene in pepper F and G and almost 
the absence in pepper B, was the main difference observed 
in the monoterpene composition of the samples. It is worth 
mentioning the presence of α-ocimene in the F and G pepper 
in the third place of importance. This compound has not been 
reported in the essential oil of Canelo [28,29] and imparts 
fruity and wet notes [16]. Table 4 shows the 41 sesquiterpenes 
identified in the Canelo pepper samples. β-caryophyllene 
was the predominant compound identified in both F and B 
pepper (3.07 % and 4.70 %, respectively). The presence of this 
compound was previously reported by Cicció [29] and Barrero 
et al. [28]. On the other hand, the predominant sesquiterpene 
in G pepper was bicyclogermacrene (4.43 %). This compound 
has not been reported in previous studies and it contributed to 
green and wood [16].

It is important to highlight among the sesquiterpenes identified, 
the presence of drimenol. A compound that was first identified in 
1994 in Drimys winteri. Unsaturated dialdehyde sesquiterpenes 
(polygodial and drimenol) are known for their antimicrobial 
activity and its pungence [6,7]. They have been described as 
compounds used by the plant to distract some insects [30], 
showing allelopathic effects [31, 32, 33]. Several authors 
reported their presence in different species of the Winteraceae 
family [34,35,32,36,37]. This compound was identified in F, G 
and B pepper (Table 4). Unsurprisingly, the concentration of 
drimenol was lower than those reported in oil [29].

CONCLUSIONS

The results obtained in this work indicated that the composition 
of volatile compounds in Canelo pepper was modified by the 
heat treatment to which it was subjected. Fresh pepper and 
green pepper had a higher concentration of monoterpenes, 

(especially β-pinene) than brown toasted pepper. These results 
could explain the increased preference for the consumption of 
green pepper. The amounts of sesquiterpenes and aldehydes 
(especially hexanal) were greater in the brown pepper than in 
the green toasted one and the lowest concentration of these 
compounds were observed in fresh pepper. Brown pepper 
showed VOC compatible with fatty acid oxidation. On the 
other hand, the presence of drimenol was not affected by the 
drying treatments. It was detected in the three types of pepper 
evaluated. Subsequent sensorial analysis would be necessary 
to intensify the relationship between the composition and the 
flavor and off-flavor characteristics of pepper.
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