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SUMMARY: The Eucalyptus globulus is a tree which is cultivated in Peru for its wood, while its leaves are often discarded. This study
compared the extraction yield, chemical composition, and antioxidant capacity of essential oil and oleoresin obtained from the leaves. The
essential oil was extracted by hydrodistillation (1.62 % yield), and oleoresins were obtained using supercritical CO-, with and without
ethanol as a co-solvent (yield up to 8.96 %). GC-MS analysis identified 1,8-cineole as the major compound in the essential oil and in the
oleoresin extracted with supercritical CO>+ethanol. The essential oil showed a higher monoterpene content (80.33 %), while the oleoresins
were richer in sesquiterpenes (up to 63.68 %). The total phenolic content was significantly higher in the oleoresin (5.05-11.30 mg GAE/g)
than in the essential oil (0.25 mg GAE/g). Antioxidant capacity was also significantly higher in the oleoresins. These findings highlight the
potential of E. globulus oleoresin as a natural antioxidant for food and pharmaceutical applications.
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RESUMEN: Composicion quimica comparativa y capacidad antioxidante del aceite esencial y oleorresina de hojas de Eucalyptus
globulus Labill. Eucalyptus globulus es un arbol cultivado en Pera por su madera, y sus hojas suelen ser descartadas. Este estudio compard
el rendimiento de extraccion, la composicion quimica y capacidad antioxidante del aceite esencial y la oleorresina obtenidos de las hojas.
El aceite esencial se extrajo por hidrodestilacion (1.62 %), y las oleorresinas mediante CO- supercritico, con y sin etanol (hasta 8.96 %). El
analisis por GC-MS identifico al 1,8-cineol como compuesto principal en el aceite esencial y en la oleorresina extraida con COz+etanol. El
aceite esencial mostré mayor contenido de monoterpenos (80.33 %) y las oleorresinas, mayor contenido de sesquiterpenos (hasta 63.68 %).
Los compuestos fenodlicos totales fueron mayores en las oleorresinas (5.05-11.30 mg EAG/g) que en el aceite esencial (0.25 mg EAG/g). La
capacidad antioxidante también fue significativamente superior en las oleorresinas. Estos resultados destacan el potencial de la oleorresina
de E. globulus como antioxidante natural para aplicaciones alimentarias y farmacéuticas.
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1. INTRODUCTION

The Eucalyptus spp. is a tall, evergreen tree which is native to Australia and Tasmania which has around
900 species and subspecies which are cultivated in subtropical and warm temperate regions such as Bolivia,
Brazil, Chile, China, India, Paraguay, Portugal, Spain and Uruguay (Surbhi et al., 2023). In Peru, Eucalyptus
globulus Labill. is distributed in the regions of Puno, Apurimac, Ayacucho, Cusco and Huancavelica (Laura-
Ticona et al., 2024).

Essential oil and oleoresin can be obtained from the leaves of E. globulus, two different products with
applications in the perfume, pharmaceutical and food industries (Rodrigues et al., 2021). The essential oil
contains a wide range of chemical substances such as monoterpenes, sesquiterpenes, esters, aldehydes,
and ketones, a composition which is involved in defence mechanisms against pests and microorganisms
(Cmikové et al., 2023). On the other hand, oleoresins exhibit a more complete aromatic and flavor profile,
providing aroma, flavor, color and pungency, characteristics of interest to the food industry (Procopio ef al.,
2022).

Traditionally, hydrodistillation has been described as a classic method for the extraction of eucalyptus
essential oil due to its high extraction yield, cost-effectiveness and ease of implementation. Hydrodistillation
mainly extracts the volatile compounds of E. globulus, characterized by its high content of 1,8-Cineole
(Immaroh ez al., 2021); while for extracting the non-volatile components, such as those with higher molecular
weight, organic solvents such as ethanol or hexane are commonly used (Zhou et al.,2021). Among alternative
extraction techniques, supercritical CO, extraction, either alone or combined with a polarity modifier such as
ethanol, is able to extract natural mixtures of essential oils and resins responsible for the total flavor profile of
the plants (Shahidi and Hossain, 2018). The main advantage of supercritical CO- extraction is the reduction
of thermal degradation of essential oil compounds, while being environmentally friendly (Sethunga et
al., 2022). Other compounds described in oleoresin include sugars, waxes, phenolic compounds, sterols,
terpenes, triglycerides and free fatty acids, which impart either a liquid or solid consistency under ambient
conditions (Rodrigues et al., 2021). The effectiveness of natural antioxidants in eucalyptus, including
bioactive compounds such as terpenes, plays a crucial role in preventing reactions that lead to food spoilage
(Khaiper et al., 2024).

Although essential oils from different eucalyptus species have been studied and characterized, there are
few studies comparing the chemical composition and antioxidant capacity of essential oil and oleoresin
from eucalyptus leaves, particularly from eucalyptus grown in Peru, where its leaves are often wasted and
incinerated (Laura-Ticona et al., 2024). For this reason, the aim of this research was to compare the extraction
yield, chemical composition and antioxidant capacity of the essential oil and oleoresin obtained using the
hydrodistillation and supercritical extraction techniques.

2. MATERIALS AND METHODS
2.1. Plant material

Fresh eucalyptus leaves from the Huancayo region, Peru, were used. The identification of the leaves was
carried out at the Herbarium Amazonense (AMAZ) of the Natural Resources Research Center (CIRNA) of
the Universidad Nacional de la Amazonia Peruana (No. 096-2024 AMAZ-UNAP). The leaves were collected
in April 2023, under ambient temperatures ranging from 3 to 13 °C and a relative humidity of approximately
89%. They were then transported to the laboratories of the Instituto Tecnoldgico de la Produccion, where
they were air-dried for 24 hours. The dried leaves, with a moisture content of 4.5%, were pulverized using a
mill (IKA A11 basic, Germany) and sieved to obtain a fine powder with a particle size of 0.35-0.5 mm.

2.2. Extraction of oleoresin and essential oil

Oleoresin extraction by supercritical CO, (SCO,) and supercritical CO, + Ethanol (SCO,+Et): Oleoresin
was extracted from eucalyptus leaves using multi-solvent extraction equipment (2802 0000, Top Industrie,
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France) as described by Barriga-Sanchez et al. (2022). A total of 75 g of ground eucalyptus leaf sample was
placed in the extraction cell, interspersed with 8 layers of glass beads.

The SCO, extraction was carried out at 250 bar and 33 °C, with a constant flow rate of 35 g/min. The
oleoresin was collected for 2 hours, ending when no variation in the recovered weight was observed.

The SCO,+Et extraction was carried out at 250 bar and 33 °C. A CO, flow of 35 g/min. Absolute ethanol
(99.8%) was used as a co-solvent at a sample:solvent ratio of 1:10.5 (w/v), corresponding to approximately
10% ethanol by mass relative to CO2. The extraction time of 3.5 h was used. The collected ethanolic extract
was taken to a rotary evaporator and the ethanol was recovered (Buchi, R-300, Switzerland). Traces of
ethanol were eliminated with a nitrogen flow. Finally, the oleoresin was stored at -20 °C until further analysis.
Oleoresin extraction was performed in duplicate. Extraction yields were calculated according to Equation 1.

ol in yield (%) Oleoresin weight (g) 100 Eq. (1
eoresin yie = X .
Y ’ Leaves weight (g) q- (1)

Essential Oil Extraction by Hydrodistillation: The methodology of Rodrigues et al. (2021) was followed
using a Clevenger-type apparatus. A total of 100 g of ground eucalyptus leaves was placed in a 2000-mL
round-bottom distillation flask. Glass beads were added in a 1:1 proportion, and distilled water at 100 °C was
added in a 1:12 ratio relative to the sample weight. The extraction was conducted for 3.5 hours and performed
in duplicate. The essential oils obtained were collected in vials and stored at freezing temperature (-20 °C) until
further analysis. The extraction yield was calculated according to Equation 2 (Khaiper et al., 2025).

Essential oil volume (mL

Essential Oil Yield (%) = ! 100 Eq. (2)

Leaves weight (g)

2.3. Chemical analysis

2.3.1. Total phenolic compounds

The methodology described in the study by Barriga-Sanchez et al. (2021) was followed. A total of 71 pL
of sample diluted in ethanol was reacted in the dark for 8 minutes with 71 pL of Folin-Ciocalteu reagent.
Subsequently, 1430 pL of 6% (w/v) sodium carbonate and 2000 pL of distilled water were added. The tubes
were stirred and incubated for 1 hour in the dark. Absorbance was measured at 750 nm using a UV-VIS
spectrophotometer (Genesys 180, Thermo Scientific, USA). Results were expressed in milligrams of gallic
acid equivalent (GAE) per gram of sample. A 5-point calibration curve of gallic acid (50-400 mg/L) was
prepared. Analyses were performed in triplicate.

2.3.2. Gas chromatography-mass spectrometry (GC-MS)

The analysis of volatile compounds was performed according to the methodology of Yafiez Rueda and Cuadro
Mogollon (2012) using a gas chromatograph (Thermo scientific Trace 1310, USA) coupled to a triple quadrupole
mass spectrometer (Thermo scientific TSQ 8000 EVO, USA). A TG-5SILMS capillary column with a length of
30 mx 0.25 mm x 0.25 um was used. Helium was used as carrier gas with a pressure of 40 psi and a flow rate of
1.0 mL/min. The oven temperature was initially set at 50 °C for 4 min, increased at a rate of 3 °C/min up to 200
°C and held for 2 min. The temperatures of the injector, the transfer line and the ion source were 250, 280 and 180
°C, respectively. Mass spectra were obtained by electron ionization (70 eV) with automatic scanning in the mass
range m/z 20-550 Da, with a scan time of 0.2 s. The percentage composition of the identified compounds was
expressed as a percentage of the peak area relative to the total peak area. The run time was 56 min. The identity
of the components was assigned by comparison of the experimentally obtained mass spectra for each component
with those reported in the National Institute of Standards and Technology (NIST) mass spectra database. The
terpenes a-Pinene, Limonene, Eucalyptol and a-Terpineol were identified using analytical standards.

Grasas y Aceites 76 (2), April-June 2025, ISSN-L: 017-3495, eISSN: 1988-4214. https://doi.org/10.3989/gya.0321251.2302



4 « M. Barriga-Sanchez; E. Arpi; P.M. Cueva-Martinez; E.A. Medina-Caceres; M.A. Varas Condori

2.3.3. In vitro antioxidant capacity

ABTS: The free radical scavenging capacity was determined according to the methodology of Prior et al.
(2005). Briefly, 30 uL of sample diluted in ethanol were reacted with 3 mL of ABTS radical and incubated
for 30 minutes. After the reaction time, the absorbance was measured at 734 nm. A 5-point Trolox calibration
curve was performed (0.1 to 2.0 mM). The results were expressed as pmol of Trolox equivalent (TE)/g of
sample. Analyses were performed in triplicate.

Ferric Reducing Antioxidant Power (FRAP): The determination was performed following the methodology
described by Benzie and Strain (1996). A total of 90 uL of sample diluted in ethanol was reacted with 270
pL of distilled water and 2.7 mL of FRAP reagent (0.3 M acetate buffer at pH 3.6, 10 mM TPTZ, and 20
mM FeCl3 in a 10:1:1 ratio). The mixture was incubated in the dark for 30 minutes, and the absorbance was
subsequently measured at 595 nm. A 6-point Trolox calibration curve (50 to 600 uM) was prepared. Results
were expressed as pmol TE/g of sample. Analyses were performed in triplicate.

2.4, Statistical analyses

An analysis of variance (ANOVA) and a mean comparison using Tukey test were performed, with a
significance level of 0.05. The analyses were conducted using Statgraphics Centurion software, version 18.

3. RESULTS AND DISCUSSION

3.1. Extraction yield of essential oil and oleoresin

A higher extraction yield was obtained for oleoresin compared to essential oil (Table 1). This result
was expected, as oleoresins are more complex extracts which, unlike essential oils, include non-volatile
compounds such as pigments and phenolic compounds in their composition (Procopio et al., 2022). The
SCO,+Et extraction likely extracted these non-volatile components from eucalyptus leaves, increasing the
extraction yield compared to SCO, extraction.

TABLE 1. Yield, total phenolic compounds, and antioxidant capacity (FRAP and ABTS) of essential oil and oleoresins from E. globulus Labill.,
obtained by hydrodistillation, SCO, and SCO,+Et

Extraction type Sample Yield (%) (mg?}ifE /2) (pnllt)]l;:llﬂ‘?i /2) (ll‘:‘;}/;:: /g)
Hydrodistillation Essential oil 1.62+0.16° 0.25+0.02¢ 10.28 +£0.20 ¢ 2.58+0.18¢
SCO, Oleoresin 1.05+0.06° 5.05+0.13° 469.59 +7.88 ° 788.06 £ 16.62°
SCO,+Et Oleoresin 8.96+0.39° 11.30+0.18 ¢ 1601.92 + 88.39 ¢ 808.82 £32.16*

SCO,: supercritical CO,, SCO,*Et: supercritical CO, + ethanol, TPC: Total phenolic compounds, GAE: Gallic acid equivalent, TE: Trolox equivalent. Results
are expressed as mean + standard deviation (n = 3). Different letters in the same column indicate significant difference (p < 0.05) according to Tukey’s test.

The extraction yields of essential oil from E. globulus have been reported from 0.74 % in leaves from
Tunisia (Jerbi et al., 2017), 0.43 - 0.54 % in leaves from Nigeria (Usman et al., 2020), and up to values of
2.53 % (Harkat-Madouri ef al., 2015) in leaves from Algeria. The essential oil yield from E. globulus Labill.
obtained in this study fall within an intermediate range compared to the values mentioned above. Differences in
yields have been attributed to different factors such as leaf age, harvest date, geographical origin and extraction
method (Chahomchuen et al., 2020). Another difference is mentioned by Rodrigues et al. (2021), who reported
a higher essential oil yield from ground E. globulus leaves (3.09 %) compared to unground leaves (2.10%).

The oleoresin extraction yield (SCO,+Et) reached 8.96 % (Table 1), a value higher than those reported
by Rodrigues et al. (2021) for E. globulus oleoresin from Portugal, with yields of 3.86 and 4.64% for
SCO,+Et (5 %, w/w) and ethanol (10 %, w/w) extraction, respectively. On the other hand, SCO, extraction
showed a significantly lower yield (1.05 %), a similar trend to that reported by Rodrigues et a/. (2018), who
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obtained yields of 1.52 and 2.02 % from E. globulus leaves using supercritical CO,, increasing to 3.16%
when using SCO,+Et. Similar results have been observed for other eucalyptus species when extracted
with only SCO,. Abbas et al. (2022) reported yields of less than 1.32 % from E. camaldulensis L., while
Zhao and Zhang (2014) reported a yield of 4.78 % from E. loxophleba ssp. Lissophloia with SCO +Et
extraction. The differences can be attributed to variations in extraction parameters and eucalyptus varieties
used in each study.

3.2. Total phenolic compounds (TPC)

The TPC contents of essential oil and oleoresins showed significant differences (p < 0.05). The TPC value in
the eucalyptus essential oil in this study (Table 1) was lower than the range of 17.7 - 28.3 mg EAG/g reported
by Chahomchuen ef al. (2020) in the essential oil from different species of eucalyptus leaves from Thailand,
and the contents 0f43.85 and 60.19 mg GAE/g from the leaves of E. cinerea and E. camaldulensis, respectively
(Herzi et al., 2013). The TPC content in the essential oil of E. globulus was significantly lower compared to the
oleoresins. As mentioned previously, oleoresin obtained with organic solvents, SCO, or SCO,+Et, contains a
mixture of volatile and non-volatile compounds, which may include polyphenols or other compounds that can
reduce Folin’s reagent. Nadeem et al. (2016) identified and quantified vitamin E, quercetin and phenolic acids
such as gallic, ferulic, m-coumaric, myricetin, p-coumaric and caffeic acid in Eucalyptus citriodora oleoresin
obtained with methanol. Furthermore, Rodrigues et al. (2018) reported a higher triterpenic acid content in £.
globulus oleoresin when extracted with SCO_+Et, compared to SCO, extraction. Based on the above, it could
be assumed that oleoresins obtained through SCO,+Et and SCO, extraction, contain compounds similar to
those reported by Nadeem et al. (2016), and that SCO,+Et extraction may yield a greater number of bioactive
compounds, which may exhibit reducing capacity for the Folin reagent.

3.3. Gas chromatography-mass Spectrometry (GC-MS) analysis

The identified terpenes were grouped into families of hydrocarbon monoterpenes, oxygenated
monoterpenes, hydrocarbon sesquiterpenes, and oxygenated sesquiterpenes (Table 2). The essential oil and
oleoresins obtained with SCO, and SCO +Et extraction from E. globulus showed different compositions. A
total of 13 and 11 terpenes were identified in the essential oil and oleoresins, respectively.

The essential oil was characterized by a higher content of total monoterpenes (80.33 %) with the
predominant compound being the oxygenated monoterpene 1,8-Cineole (67.01 %), similar to those
reported in previous studies on E. globulus essential oil (Harkat-Madouri ef al., 2015; Jerbi et al., 2019).
1,8-Cineole (eucalyptol) is commonly used in flavorings, fragrances, and cosmetics due to its pleasant
aroma and spicy taste (Almas et al., 2021). On the other hand, the oleoresins obtained by SCO +Etand SCO,
presented a higher relative content of total sesquiterpenes, with 63.68 and 54.23 %, respectively. The main
identified hydrocarbon sesquiterpenes were aromadendrene (19.26 and 18.92 %) and viridiflorene (24.48
and 17.17 %), which were predominant in the oleoresins obtained with SCO, and SCO,+Et, respectively.

The oleoresin was characterized by a high content of higher molecular weight terpenes, and no hydrocarbon
monoterpenes were even identified in its composition. In this regard, Zhao and Zhang (2014) mentioned
that the oil extracted by hydrodistillation contained only volatile compounds, while the oil obtained by
supercritical extraction contained both volatile and high molecular weight compounds. Mann et a/. (2011)
reported that, with SCO, extraction, the content of hydrocarbon monoterpenes was close to zero, in contrast
to the essential oil of Eucalyptus cinerea obtained by hydrodistillation. They attribute this difference to the
different polarities and solvating capacities between the water used in hydrodistillation and supercritical
CO,. The highest content of viridiflorene was found in the oleoresin obtained with supercritical SCO,, a
compound reported in small amounts (2.9-6.7 %) in the essential oil of different species of eucalyptus (Polito
et al.,2023) and 0.7 % in E. globulus (Jerbi et al., 2017).

The essential oil contained a-Pinene (5.48 %), Limonene (2.24 %) and sesquiterpene y-Gurjunene (1.34%),
compounds that were not identified in the oleoresins. Other studies have reported variable levels of a-Pinene
contents, from 0.1 % (Usman et al., 2020) to 16.1 % (Jerbi et al., 2017), as well as D-limonene contents, from
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0.3 to 23.5 %, in E. globulus essential oil harvested in different seasons (Usman et al., 2020). On the other
hand, y-Gurjunene has been reported in low amounts in eucalyptus essential oil, with 0.9 % in E. globulus
essential oil (Usman et al., 2020), 0.2 % in E. alba and 1.2 % in E. paniculata (Elaissi et al., 2020), with
contents lower than those found in the essential oil of this study.

TABLE 2. Terpenoid composition in essential oil and oleoresin obtained with supercritical SCO, and SCO,+Et of E. globulus Labill

Relative content (%)

Compounds RT (min)
Essential oil Oleoresin - SCO, Oleoresin - SCO,+Et
Hydrocarbon monoterpenoids
a-Pinene 9.17 5.48+0.01 - -
Limonene 13.47 2.24£0.05 - -
Oxygenated monoterpenoids
Eucaliptol (1,8 Cineol) 13.97 67.01+0.49 ¢ 19.59+0.35°¢ 29.66+0.17°
a-Terpineol 21.7 1.26 £0.01°¢ 2.61+£0.09° 2.89+0.09°
a-Terpineol acetate 28.45 434+0.00° 9.62+0.04° 9.43+£0.06°
Hydrocarbon sesquiterpenoids
a-Gurjunene 30.79 2.04+0.01° 2.95+026° 3.23+0.00°
y-Muurolene 31.75 0.60+0.22* 0.86+0.13¢ 0.88+0.08
Aromadendrene 32.07 8.23+£0.08 ¢ 19.26 +£0.04 ¢ 18.92+0.09°
Alloaromadendrene 32.94 22940.02° 5.77+0.13 ¢ 5.76 £ 0.04 ¢
fB-Selinene 34.13 0.58+0.05° 1.08£0.11* 1.00+0.04*
v-Gurjunene 34.26 1.34+0.04 - -
Viridiflorene 38.15 3.09+0.05¢° 2448 +£0.25° 17.17£0.12°
Isoledene 38.4 - 5.99+0.08 ¢ 451+0.07°
Oxygenated sesquiterpenoids
Guaiol 39.58 0.62+0.07° 3.29+0.03° 276 £0.11°
Hydrocarbon monoterpenoids 7.72 0 0
Oxygenated monoterpenoids 72.61 31.82 41.98
Hydrocarbon sesquiterpenoids 18.17 60.39 51.47
Oxygenated sesquiterpenoids 0.62 3.29 2.76
Total 99.12 95.5 96.21

SCO,: Supercritical CO,, SCO,+Et: Supercritical CO, + ethanol. Results are expressed as mean + standard deviation (n = 2). Different letters in the
same row indicate significant difference (p < 0.05) according to Tukey’s test.

The presence of other terpenes in E. globulus which were not identified in this investigation has been
reported, such as sesquiterpene spathulenol, with contents of 7.44 % (Harkat-Madouri et al., 2015) and
14.10% (Bendaoud ef al., 2009); and monoterpene p-Cymene, with contents of 20.24% (Bendaoud ef al.,
2009) and 8.8 % (Jerbi et al.,2017). Usman et al. (2020) reported a content of 24.8 % m-Cymene in eucalyptus
essential oil harvested in the rainy season, but no m-Cymene content was found when the eucalyptus was
harvested in the dry season. The variability among studies may be caused by differences in eucalyptus origin,
genetic variation, and environmental conditions. Other factors include the extraction method, harvest year,
and season (Koursaoui ef al., 2023; Zhou et al., 2021).
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3.4. In vitro antioxidant capacity

Different methods have been used to evaluate the in vitro antioxidant capacity of eucalyptus essential oils.
The ability of E. globulus essential oil to neutralize the ABTS " radical and reduce ferric iron (Fe*?) to ferrous
ion (Fe™) has been previously described (Ayed et al., 2024).

The order of antioxidant capacity from highest to lowest for ABTS and FRAP was as follows: oleoresin
obtained with SCO,+Et > oleoresin obtained with SCO, > essential oil (Table 1). The difference in antioxidant
capacity is explained by differences in chemical composition (Liu ef al., 2023). 1,8-Cineole was the major
component in both the essential oil (67.01 %) and oleoresin obtained with SCO,+Et (29.66 %). This
oxygenated monoterpene has been described for its in vitro antioxidant capacity (Hoch et al., 2023) and as
the main terpene that provides the antioxidant capacity in the essential oils of eucalyptus species (Koursaoui
et al., 2023). The oleoresins presented a higher content of sesquiterpenes and TPC, and this difference may
influence the antioxidant capacity results. Bendaoud et a/. (2009) mention that essential oils with a higher
content of monoterpenes are less effective as antioxidants. On the other hand, Liu et al. (2023) mention that
phenols contribute greatly to the antioxidant capacity of essential oils. The combination and interaction of the
different components of the essential oil could explain its antioxidant properties (Ayed et al., 2024), as well
as the possible synergistic effects that could lead to the enhancement of the antioxidant properties (Luis et al.,
2016). The results suggest that the greater presence of TPC and the possible interactions of the compounds
present in the E. globulus oleoresins contribute to the greater ABTS and FRAP antioxidant capacity.

In addition to the difference in composition, the extraction process can influence the content and bioactivity
of'the compounds. Harkat-Madouri e al. (2015) mention that hydrodistillation, an extraction process that uses
water at 100 °C, can cause thermal degradation and hydrolysis of the compounds obtained in the extraction
of essential oil, thus changing its antioxidant capacity. On the other hand, SCO, extraction of essential oils
and oleoresin uses lower temperatures, above the critical temperature of CO, (32 °C), reducing the thermal
degradation caused by hydrodistillation (Yousefi et al., 2019). This could also explain the greater antioxidant
capacity of the compounds found in the E. globulus oleoresin.

4. CONCLUSIONS

This study highlights the differences between essential oil and oleoresins obtained with SCO, and SCO,+Et
from E. globulus, with emphasis on their distinct terpene compositions and antioxidant capacities. Extraction
with SCO, and SCO,+Et resulted in the highest molecular weight components present in the essential
oil obtained by hydrodistillation. Compounds that are only present in the essential oil such as a-Pinene,
Limonene and y-Gurjunene were identified, while the oleoresins had a higher content of higher molecular
weight compounds such as sesquiterpenes. A marked difference was observed between the total phenolic
compound contents and the antioxidant capacity of the oleoresins compared to the essential oil. The high
antioxidant capacity of the oleoresin makes it a natural antioxidant additive of interest for the food industry,
emphasizing the use of green technologies such as supercritical extraction for obtaining food additives.
Understanding the differences in the various products that can be obtained from E. globulus becomes a solid
starting point for obtaining useful products with applications in the pharmaceutical and food industries.
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