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The genus Rubus comprises more than 1000 species 
and is distributed on six continents, including both black-
berry and raspberry and their hybrids, and is especially 
cultivated in cold climates; however, most of these species 
originated on islands of the South Pacific (Hummer 2010). 
Since ancient times, species belonging to the genus Rubus 
have been associated with medicinal properties. Among 
other applications, they have been used in the treatment 
of colic pain, inflammation, diarrhea, wounds, and diabe-
tes and as antimicrobial agents because of their content of 
phenolic compounds, tannins, flavonoids and anthocyanins 
(Rocabado et al. 2008), and they present a great variety of 
volatile compounds that give it organoleptic characteristics 
of great interest; thus, materials of the genus Rubus have 
great potential (Demír 2023).

Volatile organic compounds (VOCs) are of great inter-
est in the perception of the sensory qualities of fruits and 
are directly related to their aroma. Volatiles are highly 
chemically diverse and include different functional groups, 
mainly esters, alcohols, aldehydes, ketones, lactones, and 

Abbreviations
GC–MS	� Gas chromatography/mass spectrometry
VOCs	� Volatile organic compounds

Introduction

Berries are among the most consumed fruits in the human 
diet, including blackberries (Rubus spp.), strawberries 
(Fragaria x ananassa), raspberries (Rubus occidentalis), 
and blueberries (Vaccinium corymbosum), which are rich in 
minerals, vitamins, dietary fiber, and especially polyphenols 
and volatile compounds (Du and Qian 2010).
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Abstract
In Colombia, the cultivation of Rubus glaucus Benth. (Andean blackberry) is widespread. Commercial materials include 
fruits with and without thorns. In the present work, the volatile compounds in ripe mora de Castilla blackberry fruits 
from plants with and without thorns grown in two locations in the Department of Risaralda were compared. To obtain 
the volatile compounds, microextraction in the solid phase was used, and the volatile compounds were analyzed via gas 
chromatography coupled with mass spectrometry. A qualitative analysis of the identified compounds was performed, and a 
quantitative analysis was performed to compare the relative areas of those that were present in all the profiles. A maximum 
of 103 compounds were identified, of which 54 volatile compounds were present in all the profiles, corresponding to 18 
terpenes, six fatty acid derivatives, 13 esters, 13 alcohols, and four aldehydes. Significant differences were found between 
the materials from plants with and without thorns and between the materials from plants cultivated in different locations, 
mainly with respect to the acid contents.
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terpenoids, constituting specific profiles for each species 
(Aprea 2015) However, the concentration of these com-
pounds can be affected by agronomic factors such as cul-
tivar variation, weather conditions, soil conditions, and 
maturation stage and technological factors such as harvest 
and postharvest treatment (El Hadi 2013).

Volatile compounds have been widely studied in fruits 
such as apples (Malus asiatica var. Ruixue), in which tran-
scriptomic and metabolomic studies have been carried out 
(Liu et al. 2021). Studies have also been carried out in 
grapes (Vitis rotundifolia Michx. (Deng et al. 2021) to iden-
tify the profile of volatile compounds among cultivars and 
how these compounds vary during postharvest treatments. 
In blueberry crops (Vaccinium angustifolium), an attempt 
has been made to identify significant differences between 
shrubs in a cultivar with respect to the volatile profile of the 
fruit (Forney et al. 2022). In raspberry (Rubus idaeus), the 
entire volatilomic profile has been characterized (Farneti et 
al. 2023), and in blackberry (Rubus spp. Hyb), the entire 
volatilomic profile has been used to distinguish between 
two cultivated species (Klesk and Qian 2003).

In this manner, the importance of volatile compounds in 
the identification of cultivars of different types of fruit is 
noteworthy; however, volatile compounds have been used 
not only for the identification of cultivars but also to charac-
terize fruits based on their place of origin. For example, in 
studies carried out in blackberry (Rubus ulmifolius Schott), 
the volatile profile provided a designation of origin to the 
crops in Calabria, Italy (D’Agostino et al. 2022). Goji berry 
(Lycium barbarum) has also been studied to identify differ-
ences in fruits grown in places outside its place of origin 
(Zhou et al. 2023).

The Andean blackberry (Rubus glaucus Benth.) is a fruit 
that belongs to the Rubus genus and the Rosacea family; it is 
native to the tropical Andean zone along with a great variety 
of species and is consumed fresh or minimally processed 
owing to its wide variety of bioactive compounds, which 
are mainly phenolic (Horvitz et al. 2017). In Colombia, 
this species is grown in 18 departments and is considered a 
competitive fruit because its production is permanent (SIOC 
2021). It presents great morphological diversity, such as the 
presence or absence of thorns, the leaf shape, and the fruit 
number and color. With respect to the presence or absence 
of thorns, there are two types of cultivars: with thorns and 
without thorns.

The main studies on Andean blackberry have focused on 
efforts to reduce postharvest losses and the effects of storage 
(García Muñoz et al. 2020; Horvitz et al. 2017), along with 
the effects of soil micro- and macronutrients on fruit qual-
ity (Monroy Cárdenas et al. 2019) and the use of different 
coatings to preserve the fruit characteristics (Cortés Rodrí-
guez et al. 2020; Gravier-Rodríguez et al. 2023). However, 

few studies have characterized the bioactive compounds of 
interest for human consumption in mora de Castilla black-
berry according to the origin of the fruit.

In Colombia, the volatile compound profile during 
the maturation process has been studied in Rubus glau-
cus Benth. (Sinuco 2013). Additionally, physicochemical 
and antioxidant characterization studies of Rubus glaucus 
Benth. (Andean blackberry) fruits from plants with and 
without thorns grown in Risaralda have been conducted 
(Guerrero 2023). However, no studies have been conducted 
that demonstrate differences related to volatile compounds 
in commercial materials attributed to the cultivated material 
and/or the place of origin.

In this context, the objective of this study was to ana-
lyze and compare the profiles of volatile organic compounds 
present in mature Rubus glaucus Benth. fruits from plants 
with and without thorns by gas chromatography coupled 
with mass spectrometry (GC–MS) from crops from the 
Department of Risaralda, Colombia.

Materials and methodology

Plant material

A completely randomized block design was used. The sam-
pling was carried out in two municipalities of the depart-
ment of Risaralda located between 1600 and 1900 m a.s.l. 
In the municipality of Guática, the farm “Santa Teresita” is 
in Vereda La Unión, with geographic coordinates N 05° 19’ 
7.41’’ and W 075° 47’ 29.72’’. Meanwhile, in Santa Rosa de 
Cabal, the farm “El Rubí” is situated in the area known as 
Sidewalk Potreros, with coordinates N 04° 53’ 24.1’’ and W 
075° 33’ 44.0’’. Ripe Rubus glaucus Benth. (Andean black-
berry) fruits were collected from plants with and without 
thorns at maturity stages 5 and 6 according to the classi-
fication established in the NTC 4106 standard (ICONTEC 
1997). The fruits were stored in Ziploc-type plastic bags at 
a temperature of 4 °C for later analysis.

Extraction of volatile compounds

The experiments were carried out using the solid-phase 
microextraction (SPME) method in headspace mode, using 
85  μm polydimethylsiloxane (PDMS) fiber, following the 
methodology described previously (D’Agostino 2014) with 
some modifications. Three grams of frozen and macerated 
mora de Castilla blackberries was placed in a 10 mL vial, 
which was sealed with a screw cap containing a predrilled 
Teflon rubber septum. The vial was placed in a container at 
45 °C in a water bath with a magnetic stirrer and allowed to 
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equilibrate for 5 min, after which the fiber was exposed to 
the headspace to adsorb the analytes for 30 min.

Analysis of volatile compounds by GC‒MS

Chromatographic analysis was carried out with a gas chro-
matograph (GC-2010 Plus) coupled to a mass spectrometer 
(QP-2020) equipped with a Shimadzu SH-Rxi-5MS capil-
lary column 30 m in length and with an internal diameter of 
0.25 mm and a 0.25 μm film thickness. Helium was used as 
the carrier gas at a linear speed of 1.0 ml min− 1. The oven 
temperature was set at 40  °C (2  min) and then increased 
by 8  °C/min until it reached 200  °C (8  min), which was 
maintained for 5  min. Then, the oven temperature was 
increased by 10 °C/min until it reached 250 °C as the final 
temperature, which was maintained for 10 min. The mass 
spectrometer was operated in electron impact (EI) mode at 
70 eV within the mass range of m/z 35–450. The transfer 
line temperature and ionization source were set at 280 and 
230 °C, respectively (D’Agostino et al. 2015), respectively. 
Qualitative analysis was performed by comparison with 
spectra from the NIST mass spectral library.

Statistical analysis

The data for the evaluated plant material were the aver-
ages of three repetitions. Multivariate analysis of variance 
(MANOVA) was used in STATISTICA version 9.0 2020 
software to determine the significant differences in other 
volatiles between the sampled municipalities. For the com-
parison of means, the Tukey test was used with a signifi-
cance level of 5% (p ≤ 0.05).

Results

Figures 1 and 2 show the chromatographic profiles identi-
fied in the Rubus glaucus material evaluated. And the names 
of the identified compounds can be seen in Table 1.

A quantitative analysis was carried out with the com-
pounds present in all the study materials; a total of 54 vola-
tile compounds were quantified, including 18 terpenes, six 
fatty acid derivatives, 13 esters, 13 alcohols, and four alde-
hydes, like those reported in other studies on volatiles in 
mora de Castilla blackberry (Meret et al. 2011). Differences 
were found mainly in the acid contents. According to the 
multivariate analysis, with a significance of 95%, the place 
of cultivation and the type of material clearly had signifi-
cant effects on the volatile compounds evaluated. Among 
the 54 compounds identified by GC-MS, only 36 presented 
sufficiently significant differences to distinguish among 
materials.

Discussion

The chromatographic profiles revealed differences in the 
volatile compounds identified in the Rubus glaucus Benth. 
materials studied. The profile of the Andean blackberry fruits 
from plants with thorns cultivated in Guática presented a 
total of 85 compounds, whereas that of the fruits from plants 
without thorns cultivated in Guática presented 103 com-
pounds (Fig. 1). With respect to the chromatographic profile 
of the fruits from plants with thorns from the municipality of 
Santa Rosa, 78 compounds were found, whereas the profile 
of fruits from plants without thorns grown in the same loca-
tion presented a total of 103 compounds (Fig. 2). Statisti-
cal analysis revealed significant differences (p-value < 0.05) 
between the materials from plants with and without thorns, 
with the number of volatile compounds being greater for the 
fruits from plants without thorns, and between cultivation 
locations, with the fruits from the Guática crops presenting 
a greater number of volatile compounds than those grown 
in Santa Rosa.

These results are in line with those of previous studies, 
where differences in the content of total phenols and total 
anthocyanins were observed between the materials from 
plants with and without thorns (Álvarez et al. 2021, 2023), 
as were differences in the content of ascorbic acid and the 
antioxidant activity between materials cultured in different 
locations (Álvarez et al. 2023). These differences can be 
attributed to the type of material grown, harvest maturity, 
environmental factors, and crop management, among other 
factors (Farag et al. 2022; Horvitz et al. 2017; Samaniego et 
al. 2020; Schulz and Chim 2019).

According to Fig. 3, a total of 20 statistically significant 
compounds were identified in mora de Castilla blackberry 
fruits from plants with thorns grown in the municipality of 
Guática, whereas a total of 14 compounds were identified in 
fruits from plants without thorns. The compounds identified 
in both materials were 2-heptanol, 2-nonanol, ethyl acetate, 
terpinen-4-ol, β-myrcene, β-pinene and α-pinene.

Figure 4 shows that for fruits from plants with thorns 
grown in Santa Rosa de Cabal, there are 14 volatile com-
pounds that enable differentiation between materials, and for 
fruits from plants without thorns, there are 18 statistically 
significant compounds, including 2-nonanol, camphene, 
ethyl acetate, ethyl benzoate, terpinen-4-ol, terpinolene, β-
myrcene and α-pinene.

Most of the volatile compounds found, especially those 
that are common to both cultivation sites, have been reported 
as volatile compounds in other cultivars of the Rubus 
genus (D’Agostino et al. 2015), except for β-myrcene, β-
pinene and α-pinene; however, these compounds have been 
reported in the cultivar Rubus glaucus Benth. (Meret et al. 
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Finally, the heatmap allowed us to observe that there is 
variability in the volatile compounds of the fruits collected 
in the different municipalities, and each material and each 
place of cultivation presents unique compounds that allow 
differentiation between these factors.

Conclusion

The SPME technique for the extraction of volatiles using 
PDMS fiber and the use of gas chromatography coupled 
with mass spectrometry constitute a valuable route for the 
analysis of volatile profiles in the mora de Castilla black-
berry (Rubus glaucus Benth.), presenting reproducible 
results.

2011), indicating differences in the volatile profiles between 
mora de Castilla blackberries and other cultivars.

According to the heatmap of correlations (Fig.  5), the 
compounds that had the highest positive correlation and 
that allowed association with Guática mora de Castilla with 
thorns were borneol, dodecanal, caryophyllene, and limo-
nene. In relation to Guática mora de Castilla without thorns, 
the compounds with a positive correlation were methyl ben-
zoate, tricycline, and β-pinene. For plants from Santa Rosa 
de Cabal with thorns, compounds such as trans-3-caren-
2-ol, none-1-ol, and α-pinene were strongly positively cor-
related. Finally, mora de Castilla blackberries produced 
in Santa Rosa de Cabal from plants with thorns presented 
positive correlations with the compounds terpinolene, β-
cymene, geraniol, hexyl benzoate, and nonanal.

Fig. 1  Chromatogram of mora de Castilla blackberry fruits from plants A with thorns and B without thorns from the municipality of Guática
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Differentiation is possible both between planting mate-
rial types (with and without thorns) and between different 
places of cultivation via the volatile compounds present in 
mora de Castilla blackberry, with specific compounds for 
each group of characteristics, such as the place of cultiva-
tion and the type of material shown.

Fig. 2  Chromatogram of mora de Castilla blackberry fruits from plants A with thorns and B without thorns from the municipality of Santa Rosa 
de Cabal
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Guática with thorns Guática without 
thorns

Santa Rosa de Cabal with thorns Santa Rosa de Cabal without 
thorns

( +)-4-Carene ( +)-4-Carene (1R,2R,3R,5S)-(-)-Isopinocampheol (-)-Myrtenol
alpha.-Pinene alpha-Cadinol (1R,2R,3R,5S)-(-)-Isopinocampheol ( +)-4-Carene
beta.-Myrcene alpha-Pinene (1S)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene (+ -)-5-Methyl-2-hexanol
beta.-Pinene beta-copaene alpha.-Pinene alpha.-Phellandrene
gamma.-Terpinene beta-Myrcene beta.-Myrcene alpha.-Phellandrene
1,3,8-p-Menthatriene beta-Pinene beta.-Pinene alpha.-Pinene
1,3-Diisopropoxy-1,3-dimethyl-1,3-dis-
ilacyclobutane

gamma-Terpi-
nene

gamma-Terpinene beta-Longipinene

1-Oxaspiro[4.5]dec-6-ene, 
2,6,10,10-tetramethyl-

1,2,4-Methe-
noazulene, 
decahydro-
1,5,5,8a-
tetramethyl-, 
[1S-(1.alpha.,2.
alpha.,3a.beta.,4.
alpha.,8a.
beta.,9R*)]-

1,4-Methano-1H-cyclopenta[d]pyrida-
zine, 4,4a,5,7a-tetrahydro-8,8-dimethyl-, 
(1.alpha.,4.alpha.,4a.alpha.,7a.alpha.)-

.beta.-Myrcene

2,2,4-Trimethyl-1,3-pentanediol 
diisobutyrate

1,3,5,7-Cyclooc-
tatetraene

1,5-Anhydro-d-altritol .beta.-ylangene

2,4-Decadienal 1,3,5-Benze-
triol, 3TMS 
derivative

1-Hexene, 4-methyl- .gamma.-Terpinene

2-Cyclohexen-1-one, 
3-methyl-6-(1-methylethyl)-

1,3,8-p-Mentha-
triene

1-Propenylaziridine 1,3,5,7-Cyclooctatetraene

2-Heptanol 1,3-Diisopro-
poxy-1,3-di-
methyl-1,3-disi-
lacyclobutane

2-Bromononane 1,3,5-Cycloheptatriene

2-Hexen-1-ol, acetate, (E)- 11-Hexadecynal 2-Cyclohexen-1-one, 2-methyl- 1,4-Methanophthalazine, 
1,4,4a,5,6,7,8,8a-octahydro-
9,9-dimethyl-, (1.alpha.,4.
alpha.,4a.alpha.,8a.alpha.)-

2-Nonanol 11-Octadecenoic 
acid, methyl 
ester

2-Decen-1-ol 1-Butanol, 3-methyl-, benzoate

3,7,11,Trimethyl-8,10- dodecedienyl-
acetate

13-Methyltetra-
decanal

2-Heptanol 2,2,4-Trimethyl-1,3-pentanediol 
diisobutyrate

3-Isopropoxy-1,1,1,7,7,7-hexa-
methyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane

1-Heptanol, 
4-methyl-

2-Hexen-1-ol, acetate 2,4-Decadienoic acid, ethyl ester, 
(E,Z)-

4-Isopropyl-1-methylcyclohex-2-enol 1-Isopropyl-
4,7-dimethyl-
1,2,3,5,6,8a-
hexahydronaph-
thalene

2-Pentanol 2-Bromotetradecane

4-Isopropyl-1-methylcyclohex-2-enol 1-Oxaspiro[4.5]
dec-6-ene, 
2,6,10,10-tetra-
methyl-

2-Pentanone, 5-hydroxy- 2-Cyclohexen-1-ol, 1-methyl-
4-(1-methylethyl)-, cis-

6,7-Dibromo-Z-11-tetradecene-1-ol 
acetate

2,2,4-Trimethyl-
1,3-pentanediol 
diisobutyrate

2-Pentenoic acid, 2-[(trimethylsilyl)oxy]-, 
trimethylsilyl ester

2-Cyclohexen-1-ol, 1-methyl-
4-(1-methylethyl)-, trans-

7-Oxabicyclo[4.1.0]heptane, 
1-methyl-4-(1-methylethenyl)-

2,4-Decadienal 3-Hepten-1-ol 2-Cyclohexen-1-ol, 3-methyl-

9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 2-Cyclo-
hexen-1-ol, 
3-methyl-6-(1-
methylethyl)-, 
trans-

3-Hexanone, 2,5-dimethyl-4-nitro- 2-Cyclohexen-1-ol, 3-methyl-
6-(1-methylethyl)-, trans-

Table 1  Compounds identified in the chromatographic profiles from the Rubus glaucus material evaluated
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Guática with thorns Guática without 
thorns

Santa Rosa de Cabal with thorns Santa Rosa de Cabal without 
thorns

9,17-Octadecadienal, (Z)- 2-Heptanol 3-Undecen-1-yne, (Z)- 2-Cyclohexen-1-one, 
3-methyl-6-(1-methylethyl)-

Acetic acid, 5-methylhex-2-yl ester 2-Heptanone 5,5-Diethyl-2-(methylthio)-4,6(1H,5H)-
pyrimidinedione

2-Decen-1-ol, (E)-

Acetonitrile 2-Hexen-1-ol, 
acetate, (E)-

6,6-Dimethyl-2-(3-oxobutyl)bicyclo[3.1.1]
heptan-3-one

2-Hexanone, 4-hydroxy-3-propyl-

Benzene, 1-methyl-3-(1-methylethenyl)- 2H-Pyran, 
2-(7-hep-
tadecynyloxy)
tetrahydro-

7-Oxabicyclo[4.1.0]heptane, 
1-methyl-4-(1-methylethenyl)-

2-Nonanol

Benzenemethanol,.
alpha.,.alpha.,4-trimethyl-

2-Nonanol Benzene, 1-methyl-4-(1-methylethenyl)- 2-Oxatricyclo[4.3.1.0(3,8)]decane

Benzenemethanol, alpha, 
alpha.,4-trimethyl-

3,7,11,Tri-
methyl-8,10- 
dodecedienylac-
etate

Benzenemethanol,.alpha.,.alpha.,4-trimethyl- 2-Propenoic acid, 3-phenyl-, ethyl 
ester

Benzoic acid, ethyl ester 3-Hexen-1-ol, 
acetate, (E)-

Benzoic acid N'-(2-bromo-butyryl)-hydrazide 3,4-Dimethyl-2,5-diprop-2-enyl-
2,5-dihydrothiophene 1,1-dioxide

Benzoic acid, hexyl ester 4-Isopropyl-
1-methylcyclo-
hex-2-enol

Benzoic acid, ethyl ester 3-Butoxy-1,1,1,7,7,7-hexa-
methyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane

Benzoic acid, methyl ester 4-Isopropyl-
1-methylcyclo-
hex-2-enol

Bicyclo[3.2.1]oct-2-ene, 
3-methyl-4-methylene-

3-Cyclohexene-1-ethanol

Benzyl Benzoate 4-Methyl-
exo-tricy-
clo[6.2.1.0(2.7)]
undecane

Butane, 1-isocyanato- 4-tert-Butylcyclohexyl acetate

Bicyclo[2.2.1]heptan-2-ol, 
2,3,3-trimethyl-

6,7-Dibromo-Z-
11-tetradecene-
1-ol acetate

Butane, 1-nitro- 5,8,11-Eicosatriynoic acid, methyl 
ester

Bicyclo[3.1.0]hex-2-ene, 
2-methyl-5-(1-methylethyl)-

7-Oxabicy-
clo[4.1.0]
heptane, 
1-methyl-4-(1-
methylethenyl)-

Camphene 5,9-Undecadien-2-one, 
6,10-dimethyl-

Bicyclo[3.1.0]hex-2-ene, 
2-methyl-5-(1-methylethyl)-

7-Tetradecenal, 
(Z)-

cis-.beta.-Farnesene 9,12-Octadecadienoic acid (Z,Z)-

Butanoic acid, 1-methylhexyl ester 9,12-Octadeca-
dienoic acid, 
methyl ester

Cyclodecene 9-Octadecenoic acid (Z)-, methyl 
ester

Butanoic acid, 2-methyl-, ethyl ester 9,17-Octadeca-
dienal, (Z)-

Cyclohexasiloxane, dodecamethyl- Acetic acid, 5-methylhex-2-yl 
ester

Butanoic acid, ethyl ester Acetic acid, 
5-methylhex-
2-yl ester

Cyclohexene, 1-methyl-4-(1-methylethenyl)-, 
(S)-

Acetic acid, nonyl ester

Camphene Acetonitrile Cyclohexene, 
3-methyl-6-(1-methylethylidene)-

Benzene, 
1-methyl-3-(1-methylethenyl)-

Caryophyllene Benzene, 
1,2,4-trimethyl-

Cyclohexene, 
4-methyl-3-(1-methylethylidene)-

Benzene, 2-methoxy-1-methyl-
4-(1-methylethyl)-

Cyclohexasiloxane, dodecamethyl- Benzene, 
1-methyl-3-(1-
methylethenyl)-

Cyclopentane, methyl- Benzenemethanol,.
alpha.,.alpha.,4-trimethyl-

Cyclohexene, 
3-methyl-6-(1-methylethylidene)-

Benzenemetha-
nol,.alpha.-
(1-aminoethyl)-, 
[R-(R*,R*)]-

Cyclopentane, methyl- Benzenemethanol,.
alpha.,.alpha.,4-trimethyl-

Table 1  (continued) 
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Guática with thorns Guática without 
thorns

Santa Rosa de Cabal with thorns Santa Rosa de Cabal without 
thorns

Cyclopentasiloxane, decamethyl- Benzen-
emethanol,.
alpha.,.alpha.,4-
trimethyl-

Cyclotrisiloxane, hexamethyl- Benzoic acid, ethyl ester

Cyclopentene, 
3-isopropenyl-5,5-dimethyl-

Benzoic acid, 
ethyl ester

Decanoic acid, ethyl ester Benzoic acid, hexyl ester

Decanoic acid, ethyl ester Benzoic acid, 
hexyl ester

Disulfide, dipropyl Benzoic acid, methyl ester

Decanoic acid, TMS derivative Benzoic acid, 
methyl ester

Ethanol Bicyclo[2.2.1]heptan-2-ol, 
2,3,3-trimethyl-

D-Limonene Benzoic Acid, 
TMS derivative

Ethanone, 2-amino-1-phenyl- Bicyclo[3.1.1]heptane, 
6,6-dimethyl-2-methylene-, (1S)-

Dodecanal Benzyl 
Benzoate

Ethyl Acetate Butanoic acid, ethyl ester

Dodecanal Bicyclo[2.2.1]
heptan-2-ol, 
2,3,3-trimethyl-

Germacrene D Camphene

Dodecanoic acid, ethyl ester Bicyclo[3.1.0]
hex-2-ene, 
2-methyl-5-(1-
methylethyl)-

Glycolaldehyde dimethyl acetal Caryophyllene

endo-Borneol Bicyclo[3.1.0]
hex-2-ene, 
2-methyl-5-(1-
methylethyl)-

Hexanoic acid, 2-methylpropyl ester Cyclohexasiloxane, 
dodecamethyl-

Ethanol Butanoic acid, 
1-methylhexyl 
ester

Hexanoic acid, ethyl ester Cyclohexene, 
1-methyl-4-(1-methylethylidene)-

Ethyl (E)-2-octenoate Butanoic acid, 
2-methyl-, ethyl 
ester

Malic Acid Cyclooctyl alcohol

Ethyl Acetate Butanoic acid, 
ethyl ester

Methylene chloride Cyclopentane, methyl-

Geraniol Camphene Mexiletine Cyclopentene, 
3-isopropenyl-5,5-dimethyl-

Hexanoic acid, 2-hexenyl ester, (E)- Caryophyllene Naphthalene, decahydro-, cis- Cyclopropane, 1-bromo-2,2,3,3-
tetramethyl-1-prop-1-ynyl-

Hexanoic acid, 2-methylpropyl ester Cetene n-Hexane Decanoic acid, ethyl ester
Hexanoic acid, ethyl ester Cyclohep-

tasiloxane, 
tetradecamethyl-

n-Hexane Dimethyl ether

Hexanoic acid, hexyl ester Cyclohex-
asiloxane, 
dodecamethyl-

n-Hexane Di-n-octyl phthalate

Hexanoic acid, TMS derivative Cyclohexene, 
3-methyl-6-(1-
methylethyli-
dene)-

Nonane Disulfide, bis(1-methylethyl)

Methyl 2-hydroxystearate, TMS 
derivative

Cyclonon-
asiloxane, 
octadecamethyl-

Octanal D-Limonene

Methylene chloride Cyclopen-
tasiloxane, 
decamethyl-

Octane, 1-azido- Eicosanoic acid, ethyl ester

Myristic acid, TMS derivative Cyclopentene, 
3-isopropenyl-
5,5-dimethyl-

Octane, 2,7-dimethyl- Ethanol

n-Hexane Decanal Octane, 3,4,5,6-tetramethyl- Ethyl (E)-2-octenoate

Table 1  (continued) 
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Guática with thorns Guática without 
thorns

Santa Rosa de Cabal with thorns Santa Rosa de Cabal without 
thorns

n-Nonadecanol-1 Decanoic acid, 
ethyl ester

Octanoic acid, ethyl ester Ethyl Acetate

Nonanal Decanoic acid, 
TMS derivative

o-Cymene Ethylene glycol, 2TMS derivative

Nonanoic acid, TMS derivative Diisooctyl 
phthalate

Pentadecanoic acid, 2,6,10,14-tetramethyl-, 
methyl ester

Farnesene epoxide, E-

Octanoic acid, ethyl ester D-Limonene Propan-2-ol, 1-(2-isopropyl-
5-methylcyclohexyloxy)-3-(4-morpholyl)-

Fenchol

Octanoic acid, TMS derivative Dodecanoic 
acid, ethyl ester

Propane, 1-(ethenyloxy)-2-methyl- Geraniol

p-Cymene Ethanol Propanoic acid, 2-methyl-, ethyl ester Heptadecane, 
2,6,10,15-tetramethyl-

Pentadecane Ethyl Acetate Salicylic acid, 2TMS derivative Heptasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13-tet-
radecamethyl-

Pentadecane exo-2,7,7-
trimethylbi-
cyclo[2.2.1]
heptan-2-ol

sec-Butyl acetate Hexanoic acid, 3-pentyl ester

p-Mentha-1,5,8-triene Geraniol Spiro (6,6-dimethyl-2,3-diazobicyclo [3.1.0] 
hex-2-ene-4,1'-cyclopropane)

Hexanoic acid, ethyl ester

Silanediol, dimethyl- Heptasiloxane, 
hexadecamethyl-

Spiro[2.2]pentane-1-carboxylic acid, 
2-cyclopropyl-2-methyl-

Hexanoic acid, hexyl ester

Silanol, trimethyl- Hexadecane Terpinen-4-ol Isoneral
Silanol, trimethyl- Hexanoic acid, 

2-hexenyl ester, 
(E)-

trans-beta-Ocimene Linalool

Terpinen-4-ol Hexanoic acid, 
2-methylpropyl 
ester

Methylene chloride

Terpineol Hexanoic acid, 
ethyl ester

Naphthalene, 1,2,3,5,6,8a-hexa-
hydro-4,7-dimethyl-
1-(1-methylethyl)-, 
(1S-cis)-

Tetradecanal Hexanoic acid, 
TMS derivative

Naphthalene, decahydro-, cis-

Tetradecanal Ibuprofen, TMS 
derivative

n-Hexane

Trichloromethane Methyl 
2-hydroxys-
tearate, TMS 
derivative

Nonanal

Tricyclo[2.2.1.0(2,6)]heptane, 
1,7,7-trimethyl-

Methylene 
chloride

Octadecane, 1-chloro-

Tridecane Naphthalene, 
1,2,3,4,4a,7-
hexahydro-
1,6-dimethyl-
4-(1-methyle-
thyl)-

Octanoic acid, ethyl ester

Nonanal Oxirane, tetradecyl-
Nonanoic acid, 
TMS derivative

p-Cymene

Octadecane Pentadecanoic acid, 14-methyl-, 
methyl ester

Octanoic acid, 
ethyl ester

Pentane, 3-methyl-

Table 1  (continued) 
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Fig. 3  Volatile compounds that allow the differentiation of materials from plants with and without thorns in mora de Castilla blackberries produced 
in the municipality of Guática

 

Guática with thorns Guática without 
thorns

Santa Rosa de Cabal with thorns Santa Rosa de Cabal without 
thorns

Octanoic acid, 
TMS derivative

Pentane, 3-methyl-

p-Cymene p-Mentha-1,5,8-triene
p-Mentha-1,5,8-
triene

p-Mentha-1,5,8-triene

Silanediol, 
dimethyl-

Propanoic acid, 2-methyl-, 
3-hydroxy-2,2,4-trimethylpentyl 
ester

Silanol, 
trimethyl-

Salicylic acid, 2TMS derivative

Silanol, 
trimethyl-

Silanol, trimethyl-

Spiro[androst-
5-ene-17,1'-
cyclobutan]-2'-
one, 3-hydroxy-, 
(3.beta.,17.
beta.)-

Sulfurous acid, 2-ethylhexyl hexyl 
ester

Terpinen-4-ol Terpinen-4-ol
tert-Butyldi-
methylsilanol

Terpinen-4-ol

Tetradecanal Thujone
Tetradecane Trichloromethane
Tetradecane Undecane, 2-cyclohexyl-
Trichlorometh-
ane

Undecanoic acid, ethyl ester

Tricy-
clo[2.2.1.0(2,6)]
heptane, 
1,7,7-trimethyl-

Z,Z,Z-1,4,6,9-Nonadecatetraene

Table 1  (continued) 
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Fig. 4  Volatile compounds that allow the differentiation of mora de Castilla blackberry materials from plants with and without thorns produced in 
the municipality of Santa Rosa

 

1 3



Journal of Food Science and Technology

Declarations:

Authors’ contributions  Gloria Edith Guerrero: Conceptualization, 
Investigation, Supervision Writing- Reviewing and Editing. Daniel 
Steven Fernandez: Formal analysis, Investigation, Writing- Original 
draft. Nathalia Cardona Hurtado: Investigation, Writing- Original draft 

Acknowledgements  The authors thank the Office of the Vice Presi-
dent for Research, Innovation and Extension of the Technological Uni-
versity of Pereira for financing this project, within the framework of 
the project code E9-23-4 entitled “Discrimination of materials of the 
genus Rubus correlating volatile, acidic compounds free fatty acids 
and their antioxidant capacity”.

Fig. 5  Heatmap of the correlations for statistically significant volatile compounds in mora de Castilla fruits from plants with and without thorns in 
the municipalities of Guática and Santa Rosa de Cabal

 

1 3



Journal of Food Science and Technology

D’Agostino MF, Sanz J, Matínez-Castro I, Giuffrê AM, Sicari V, Soria 
AC (2014) Statistical analysis for improving data precision in the 
SPME GC-MS analysis of blackberry (Rubus ulmifolius Schott) 
volatiles. Talanta 125:248–256. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​a​l​​a​n​t​​a​.​
2​0​​1​4​​.​0​2​.​0​5​8

D’Agostino MF, Sanz J, Sanz ML, Giuffrè AM, Sicari V, Soria AC 
(2015) Optimization of a solid-phase microextraction method 
for the gas chromatography-mass spectrometry analysis of 
blackberry (Rubus ulmifolius Schott) fruit volatiles. Food Chem 
178:10–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​o​o​​d​c​h​​e​m​.​2​​0​1​​5​.​0​1​.​0​1​0

D’Agostino MF, Sicari V, Giuffrè AM, Soria AC (2022) Blackberries 
(Rubus ulmifolius Schott) from Calabria (Italy): a comprehensive 
characterisation. Eur Food Res Technol 248(3):905–916. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​1​7​-​0​2​1​-​0​3​9​2​2​-​8

Demir N (2023) Antioxidant activity and aroma profile of wild-type 
blackberry fruits grown in arapgir. Adıyaman Üniversitesi Müh-
endislik Bilimleri Dergisi 10(21):288–298. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​4​3​
6​​5​/​a​​d​y​u​m​b​d​.​1​3​7​8​2​6​4

Deng H, He R, Long M, Li Y, Zheng Y, Lin L, Liang D, Zhang X, Liao 
M, Lv X, Deng Q, Xia H (2021) Comparison of the fruit vola-
tile profiles of five muscadine grape cultivars (Vitis rotundifolia 
Michx.) Using HS-SPME-GC/MS combined with multivariate 
statistical analysis. Front Plant Sci. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​l​s​.​
2​0​2​1​.​7​2​8​8​9​1

Du X, Qian M (2010) Flavor chemistry of small fruits: blackberry, 
raspberry, and blueberry. 27–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​2​1​​/​b​k​​-​2​0​1​
0​-​1​0​3​5​.​c​h​0​0​3

El Hadi MAM, Zhang FJ, Wu FF, Zhou CH, Tao J (2013) Advances in 
fruit aroma volatile research. Molecules 18:8200–8229

Farag MA, Ramadan NS, Shorbagi M, Farag N, Gad HA (2022) Pro-
filing of primary metabolites and volatiles in Apricot (Prunus 
armeniaca L.) seed kernels and fruits in the context of its differ-
ent cultivars and soil type as analyzed using chemometric Tools. 
Foods. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​f​o​​o​d​s​1​1​0​9​1​3​3​9

Farneti B, Khomenko I, Ajelli M, Wells KE, Betta E, Aprea E, Giongo 
L, Biasioli F (2023) Volatilomics of raspberry fruit germplasm 
by combining chromatographic and direct-injection mass spec-
trometric techniques. Front Mol Biosci. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​
f​m​​o​l​b​.​2​0​2​3​.​1​1​5​5​5​6​4

Forney CF, Qiu S, Jordan MA, McCarthy D, Fillmore S (2022) Com-
parison of volatile compounds contributing to flavor of wild 
lowbush (Vaccinium augustifolium) and cultivated highbush 
(Vaccinium corymbosum) blueberry fruit using Gas Chromatog-
raphy-Olfactometry. Foods. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​f​o​​o​d​s​1​1​1​6​2​5​
1​6

García Muñoz MC, Cardona WA, Salamanca C, Gonzalez AME, 
Bolaños JJ, Benavides MM (2020) Packaging design proposal 
motivated by the identification of damages in Andean blackberry 
(Rubus glaucus Benth). Heliyon. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​h​e​l​​i​y​o​​
n​.​2​0​​2​0​​.​e​0​5​3​0​0

Gravier-Rodríguez G, Jurado-Basante S, Arias-Contreras AN, Cas-
tillo G, Porras OJ, Sánchez-Camargo A (2023) A P Ultrasound-
assisted extraction of anthocyanins from Andean blackberry and 
their use as an indicator in sustainable smart biofilms developed 
with cocoa bean shells as natural fiber-filled PLA composite 
materials. Food Packaging Shelf Life. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​
f​p​s​l​.​2​0​2​3​.​1​0​1​1​6​5

Guerrero GMSGC (2023) Vitamin C content, anthocyanins and anti-
oxidant capacity of fruits of Rubus glaucus Benth (mora de Cas-
tilla) with and without prickles grown in Risaralda, Colombia. 
Revista Brasileira de Fruticultura. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​9​0​​/​0​1​​0​0​-​2​
9​4​5​2​0​2​3​5​0​9

Horvitz S, Chanaguano D, Arozarena I (2017) Andean blackberries 
(Rubus glaucus Benth) quality as affected by harvest maturity and 
storage conditions. Sci Hort 226:293–301. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​s​c​i​​e​n​t​​a​.​2​0​​1​7​​.​0​9​.​0​0​2

preparation and Validation. Juan Pablo Arrubla Velez: Methodology 
and Investigation.

Funding  Open Access funding provided by Colombia Consortium. 
Project code E9-23-4 entitled “Discrimination of materials of the ge-
nus Rubus correlating volatile, acidic compounds free fatty acids and 
their antioxidant capacity”.

Data availability - (data transparency)  The data and materials support-
ing the findings of this study are available upon request and will be 
provided upon reasonable request.

Code availability - (software application or custom code)  Not appli-
cable.

Declarations

Competing interests (include appropriate disclosures)  Not applicable 
for that section.

Ethics approval (include appropriate approvals or waivers)  Not appli-
cable for that section.

Consent to participate (include appropriate consent statements)  Not 
applicable for that section.

Consent for publication (appropriate statements regarding publishing 
an individual’s data or image)  Not applicable for that section.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

Álvarez GEG, Coronel NC, Hurtado NC (2021) Physicochemical and 
antioxidant characterization of Andean blackberry with and with-
out prickles cultivated in Risaralda, Colombia. Revista Brasileira 
de Fruticultura. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​9​0​​/​0​1​​0​0​-​2​9​4​5​2​0​2​1​9​1​8

Álvarez GE, Arias SM, Colorado GAC (2023) Vitamin C content, 
anthocyanins and antioxidant capacity of fruits of Rubus glau-
cus Benth. (mora de Castilla) with and without prickles grown in 
Risaralda, Colombia. Revista Brasileira de Fruticultura. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​5​9​0​​/​0​1​​0​0​-​2​9​4​5​2​0​2​3​5​0​9

Aprea E, F. B. and F. G (2015) Volatile compounds of raspberry fruit: 
from analytical methods to biological role and sensory impact. 
Molecules 20:2445–2474

Cortés Rodríguez M, Yépez V, Gil C, González JH, Ortega-Toro R 
(2020) Effect of a multifunctional edible coating based on cassava 
starch on the shelf life of Andean blackberry. Heliyon. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​h​e​l​​i​y​o​​n​.​2​0​​2​0​​.​e​0​3​9​7​4

1 3

https://doi.org/10.1016/j.talanta.2014.02.058
https://doi.org/10.1016/j.talanta.2014.02.058
https://doi.org/10.1016/j.foodchem.2015.01.010
https://doi.org/10.1007/s00217-021-03922-8
https://doi.org/10.1007/s00217-021-03922-8
https://doi.org/10.54365/adyumbd.1378264
https://doi.org/10.54365/adyumbd.1378264
https://doi.org/10.3389/fpls.2021.728891
https://doi.org/10.3389/fpls.2021.728891
https://doi.org/10.1021/bk-2010-1035.ch003
https://doi.org/10.1021/bk-2010-1035.ch003
https://doi.org/10.3390/foods11091339
https://doi.org/10.3389/fmolb.2023.1155564
https://doi.org/10.3389/fmolb.2023.1155564
https://doi.org/10.3390/foods11162516
https://doi.org/10.3390/foods11162516
https://doi.org/10.1016/j.heliyon.2020.e05300
https://doi.org/10.1016/j.heliyon.2020.e05300
https://doi.org/10.1016/j.fpsl.2023.101165
https://doi.org/10.1016/j.fpsl.2023.101165
https://doi.org/10.1590/0100-29452023509
https://doi.org/10.1590/0100-29452023509
https://doi.org/10.1016/j.scienta.2017.09.002
https://doi.org/10.1016/j.scienta.2017.09.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1590/0100-29452021918
https://doi.org/10.1590/0100-29452023509
https://doi.org/10.1590/0100-29452023509
https://doi.org/10.1016/j.heliyon.2020.e03974
https://doi.org/10.1016/j.heliyon.2020.e03974


Journal of Food Science and Technology

Samaniego I, Brito B, Viera W, Cabrera A, Llerena W, Kannangara 
T, Vilcacundo R, Angós I, Carrillo W (2020) Influence of the 
maturity stage on the phytochemical composition and the antioxi-
dant activity of four andean blackberry cultivars (Rubus glaucus 
Benth) from Ecuador. Plants 9(8):1–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​
p​l​​a​n​t​s​9​0​8​1​0​2​7

Schulz M, Chim JF (2019) Nutritional and bioactive value of Rubus 
berries. In Food bioscience. Elsevier Ltd., Vol 31 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​j​.​​f​b​i​o​.​2​0​1​9​.​1​0​0​4​3​8

Sinuco DC, M. S. C. O. and P. S (2013) Quantitation of the odour-
active compounds in Andes berry (Rubus glaucus Benth) fruit 
using the molecular sensory approach. Eur Food Res Technol 
236:373–378

SIOC (2021) Cadena productiva de la mora. Sistema de Información 
de Gestión y Desempeño de Organizaciones de Cadenas. Minis-
terio de Agricultura y Desarrollo. Bogotá. Colombia

Zhou Y, Wang D, Duan H, Zhou S, Guo J, Yan W (2023) Detection and 
analysis of volatile flavor compounds in different varieties and 
origins of goji berries using HS-GC-IMS. LWT, p 187. ​h​t​t​p​s​:​​​/​​/​d​o​​
i​.​o​​r​​g​​/​​1​0​​.​1​0​​​1​​6​​/​j​.​​l​w​t​.​​2​0​2​3​.​1​1​5​3​2​2

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Hummer KE (2010) Rubus pharmacology: antiquity to the present. ​h​t​t​
p​​:​/​/​​v​i​s​u​​a​l​​i​s​e​​u​r​.​b​​n​f​.​​f​r​/​​V​i​s​u​a

 ICONTEC (1997). NTC 4106. Frutas Frescas. Mora de Castilla. Espe-
cificaciones. Bogotá. Colombia

Klesk K, Qian M (2003) Aroma extract dilution analysis of Cv. Marion 
(Rubus spp. hyb) and Cv. Evergreen (R. laciniatus L.) blackber-
ries. J Agric Food Chem 51(11):3436–3441. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​2​1​​/​j​f​​0​2​6​2​2​0​9

Liu X, Hao N, Feng R, Meng Z, Li Y, Zhao Z (2021) Transcriptome 
and metabolite profiling analyses provide insight into volatile 
compounds of the apple cultivar ‘Ruixue’ and its parents during 
fruit development. BMC Plant Biol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​8​
7​0​-​0​2​1​-​0​3​0​3​2​-​3

Meret M, Brat P, Mertz C, Lebrun M, Günata Z (2011) Contribution 
to aroma potential of Andean blackberry (Rubus glaucus Benth). 
Food Res Int 44(1):54–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​o​o​​d​r​e​​s​.​2​0​​1​
0​​.​1​1​.​0​1​6

Monroy Cárdenas DM, Cardona WA, García Muñoz MC, Bolaños 
Benavides MM (2019) Relationship between variable doses of N, 
P, K and Ca and the physicochemical and proximal characteristics 
of andean blackberry (Rubus glaucus Benth). Sci Hort. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​i​​e​n​t​​a​.​2​0​​1​9​​.​0​5​.​0​5​5

Rocabado GO, Miguel Bedoya L, José Abad M, Bermejo P (2008) 
Rubus-A review of its phytochemical and pharmacological profile

1 3

https://doi.org/10.3390/plants9081027
https://doi.org/10.3390/plants9081027
https://doi.org/10.1016/j.fbio.2019.100438
https://doi.org/10.1016/j.fbio.2019.100438
https://doi.org/10.1016/j.lwt.2023.115322
https://doi.org/10.1016/j.lwt.2023.115322
http://visualiseur.bnf.fr/Visua
http://visualiseur.bnf.fr/Visua
https://doi.org/10.1021/jf0262209
https://doi.org/10.1021/jf0262209
https://doi.org/10.1186/s12870-021-03032-3
https://doi.org/10.1186/s12870-021-03032-3
https://doi.org/10.1016/j.foodres.2010.11.016
https://doi.org/10.1016/j.foodres.2010.11.016
https://doi.org/10.1016/j.scienta.2019.05.055
https://doi.org/10.1016/j.scienta.2019.05.055

	﻿Determination of volatile compounds in Andean berry (﻿Rubus glaucus﻿ Benth) fruits to discriminate among commercial materials cultivated in Risaralda, Colombia
	﻿Abstract
	﻿Introduction
	﻿Materials and methodology
	﻿Plant material
	﻿Extraction of volatile compounds
	﻿Analysis of volatile compounds by GC﻿‒﻿MS
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


