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Why was the work done: The global cultivation of hop varieties has expanded 
to Australia and South America, where the environmental conditions influence 
their composition. A Brazilian hop variety, Mantiqueira has potential applications 
in brewing, but the chemical composition and industrial suitability remain 
unexplored.
What are the main findings: The composition of Mantiqueira hops was 
determined by extracting the bioactive compounds using three pressurised fluid 
techniques: supercritical CO₂ (scCO₂), pressurised propane, and a pressurised 
mixture of scCO₂ and ethyl acetate or ethanol. High-performance liquid 
chromatography was used to identify and quantify alpha acids (humulone, 
cohumulone, and adhumulone), beta acids (lupulone, colupulone, and adlupulone), 
and the key phenolic compound xanthohumol. 
Why is the work important: Supercritical CO₂ achieved the highest recovery of 
alpha and beta acids, with the seven compounds representing up to 98.9% of 
the extract mass. Pressurised propane selectively extracted alpha and beta acids, 
producing (potential) bitterness enhancing extracts with minimal phenolic content. 
The addition of ethyl acetate to scCO₂ as a co-solvent increased the xanthohumol 
concentration by over 30-fold compared to scCO₂ alone. Further, the combination 
of scCO₂ and ethanol enhanced the extraction of both (potential) bitter acids and 
bioactive compounds, with higher temperatures and pressures yielding improved 
efficiency and diversity of compounds. The chemical profile of Mantiqueira hops 
was comparable to that of the noble Czech and North American aroma hops.
Why is the work important: This study characterises a Brazilian hop variety with 
diverse applications. The findings report sustainable extraction methods and the 
composition of Mantiqueira hops, which could enhance beer flavour, aroma, and 
quality. Additionally, the high xanthohumol content supports the use of these hops 
in functional foods and nutraceuticals, broadening their industrial relevance and 
contributing to global hop diversification.

bittering compounds; alpha acids; beta acids; xanthohumol; pressurised fluid 
extraction; co-solvent.
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Recent advances in extraction technologies, 
particularly supercritical CO₂ (scCO₂), have 
revolutionised the recovery of bioactive compounds 
from hops, enabling the efficient isolation of alpha/
beta acids and xanthohumol (Rój et al. 2015; 
Veiga et al. 2021). The incorporation of organic 
co-solvents with scCO₂ has further enhanced 
these processes, increasing the yields of phenolic 
compounds, which are sought after for functional 
and nutraceutical applications (Arruda et al. 
2022; Sanz et al. 2022). Additionally, innovation in 
extraction methodologies have facilitated detailed 
chemical profiling of hop extracts and essential oils, 
expanding the identification of bioactive compounds 
with diverse applications in the brewing, food, and 
pharmaceutical industries (Duarte et al. 2023; Metaj 
et al. 2023; Paniagua-García et al. 2023; Kljakić et al. 
2024).

The chemical composition and   extraction efficiency 
of Brazilian hop varieties remains unexplored. 
Accordingly, this study investigates the chemical 
composition of Mantiqueira hops and evaluates 
the efficacy of different pressurised fluid extraction 
techniques in isolating key alpha/beta acids and 
bioactive compounds. By characterising the extracts 
and the concentration of alpha acids, beta acids, 
and xanthohumol, the research seeks to assess 
the potential application of Mantiqueira hops for 
brewing and other industrial applications.

Formic acid (98% purity) was purchased from 
Sigma-Aldrich (Søborg, Denmark), acetonitrile 
and methanol (chromatographic purity) from 
VWR Prolabo (Søborg, Denmark). Deionised water 
(Milli-Q standard) was produced using an ELGA 
PureLab® Chorus system (Glostrup, Denmark).

The female flower extracts of Mantiqueira hops 
were analysed. Pressurised fluid-based extractions 
were used (Veiga et al. 2021), with three distinct 
extraction blocks. The first block used a fixed bed of 
hops extracted by pure supercritical carbon dioxide 
(scCO₂) under varying temperature and pressures. 
The second block used pressurised propane at 
different pressures and temperature. In the third 
block, hops were extracted using a mixture of scCO₂

Hops - Humulus lupulus - is a versatile plant 
recognised for its inflorescences (cones), which 
play a crucial role in beer production. While 
hops are primarily associated with brewing, their 
bioactive compounds - alpha acids, beta acids, 
and xanthohumol - offer potential applications in 
industries beyond brewing (Karabín et al. 2016; 
Bocquet et al. 2018). Historically, the largest 
producers of hops have been in the temperate 
regions of the Northern Hemisphere, particularly 
Germany, England, the Czech Republic, and the 
United States (Teghtmeyer 2018). In recent years, 
emerging hop-producing regions, such as Australia, 
Argentina, and Brazil, have gained attention through 
their cultivation conditions and increasing yields 
(Jastrombek et al. 2022; Herkenhoff et al. 2024).

The brewing industry depends on hops as a source 
of bittering compounds, primarily isomerised 
alpha acids (humulones, cohumulones, and 
adhumulones), which provide characteristic flavour 
and, to a degree natural, preservatives (Dresel et 
al. 2016). Beta acids (lupulones, colupulones, and 
adlupulones) contribute similarly, but to a lesser 
extent. The flavour and aroma profiles of hops 
are influenced by their essential oils and phenolic 
compounds, including xanthohumol, rutin, and 
proanthocyanidins (Goiris et al. 2014; Dias et al. 
2024). Among these, xanthohumol, a prenylated 
flavonoid, has gained interest for its antibacterial, 
antioxidant, anti-inflammatory, and anticarcinogenic 
properties (Lupinacci et al. 2009; Liu et al. 2015; 
Bolton et al. 2019).

With the growth in the size and diversity of       
breweries, the demand for hops with distinctive 
sensory and chemical profiles has increased. 
Emerging hop-growing regions, such as South 
America, provide an opportunity to explore novel 
hop varieties with an interesting composition. 
Mantiqueira hops, a variety adapted to the 
Brazilian climate and derived from a mutation of an 
American hop (Cascade), represent a cultivar with 
commercial promise. Preliminary studies suggest 
that the chemical composition of Mantiqueira 
is comparable to the long established noble and 
aroma hops, making it suitable for both brewing 
and other applications (Veiga et al. 2021).

Introduction
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Materials and methods



Lyophilised hop flowers were weighed (0.5014 
± 0.0003 g) and combined with 15 mL of the 
methanol/formic acid/water solvent in a Falcon 
tube. The mixture was agitated and milled using the 
Ultra Turrax (IKA, Aarhus, Denmark) for 2 min. The 
instrument was rinsed with 5 mL of solvent, which 
was added back to the Falcon tube. An additional 
30 mL of solvent was introduced in two steps, with 
agitation and milling on each addition for 2 min. 
The mixture was vortexed for 1 min and placed in 
an ultrasonic bath at 35°C for 10 min. The solid and 
liquid phases were separated by centrifugation at 
25°C and 1500 × g for 20 min.
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and a green solvent (ethyl acetate or ethanol) 
at different concentrations, pressure and 
temperatures. The extraction parameters for each 
method are summarised in Table 1, with detailed 
descriptions found in Veiga et al (2021).

To assess extraction efficiency (EE), hop flowers and 
extracts were processed using a methanol-based 
solution to isolate phenolic compounds, using the 
methodology of Overk et al (2008). The solvent of 
75% (v/v) methanol, 1% (v/v) formic acid, and 24% 
(v/v) water was used across the extraction process 
to enable HPLC quantification. 

Hop sample preparation

Table 1.  

Summary of yields and extraction conditions for Mantiqueira hops.

 *MR = [mass of co-solvent at the start of extraction (g)] / [hop mass at the beginning of extraction (g)].



Calibration  curves for each compound exhibited 
excellent linearity (R² > 0.990).

A preparative chromatography system (Dionex 
UltiMate 3000 Binary Semi-preparative LC; Thermo 
Fisher Scientific), equipped with a Develosil TM ODS-
HG LC column (250 mm × 20 mm, 5 μm particle size), 
was used to separate seven standards with purities 
ranging from 60.6 to 93.1%.  (These exceed the 
purity levels of the International Calibration Extract 
(ICE) 3 standard of the American Society of Brewing 
Chemists released in 2010. The ICE-3 standard 
comprises 44.6% humulone and 24.3% lupulone). 
The same solvent solutions (A and B) and gradient 
described for the analytical chromatographic 
method (above) were used for preparative 
chromatography, with adaptations made for the 
preparative equipment. The method produced 
consistent peak profiles between preparative and 
analytical chromatography. The samples were 
fractionated into nine individual components, which 
were subsequently analysed by HPLC to determine 
purity (Andrade 2018). The purity of each isolated 
compound was measured with values between 60.6 
and 93.1%, which exceeded the levels found in the 
ICE-3 standard. These high purity fractions provided 
reliable standards for further analytical procedures 
and compound quantification.

The data were used to calculate the total yield, 
extraction efficiency (EE) for each component, and 
the purity of the compounds in the extracts. The 
total yield was determined using Equation 1:

The extraction efficiency (EE) for each component 
was calculated using Equation 2:

Analyses were conducted using Statistica 10  
software (Statsoft Inc. USA). Response surface 
methodology (RSM) was used to assess the effects 
of temperature and pressure on the extraction of 
hop compounds, utilising quadratic polynomial

The supernatant was recovered in a 100 mL 
volumetric flask. The solid residue was treated with 
15 mL of fresh solvent, with the agitation/milling 
and centrifugation step repeated twice. Finally, 10 
mL of solvent solution was added to the remaining 
solid and subject to ultrasonication at 35°C for 15 
min. The mixture was left at room temperature 
for 12 h, then vacuum filtered. The retained solid 
was rinsed with 15 mL of solvent solution, and the 
filtrate adjusted to 100 mL with solvent to obtain 
the methanol extract of lyophilised hop flowers.

Aliquots of pressurised fluid extracts (10.5 ± 0.2 
mg) were dissolved in 2 mL of solvent solution in 
Eppendorf tubes. These were vortexed, sonicated 
(35°C, 20 min), centrifuged at 600 × g, and filtered 
through 0.22-µm PTFE syringe filters. The filtrates 
were transferred to amber vials for injection into 
the HPLC system.

High-performance liquid chromatography (HPLC) 
was used to quantify alpha acids (humulone, 
cohumulone, adhumulone), beta acids (lupulone, 
colupulone, adlupulone), and xanthohumol in 
Mantiqueira hops ( Bessada et al 2016). The analysis 
used an HP 1200 series HPLC system (Agilent 
Technologies Aps, Nærum, Denmark) equipped 
with a photodiode array detector and a Gemini 5µm 
C18 110A column (250 × 4.6 mm i.d. Phenomenex 
Aps, Værløse, Denmark) maintained at 35°C.

The mobile phase comprised of solvent A (0.1% v/v 
aqueous formic acid) and solvent B (acetonitrile). A 
gradient elution was applied: 15% B for the first 5 min 
(isocratic), ramped to 20% B over 5 min, then 25% B 
over the next 10 min, 35% B over 10 min, and finally 
50% B over 10 min, followed by re-equilibration. 
The flow rate was 0.5 mL/min, and detection was 
performed at 280, 320, and 370 nm. Retention 
times for the compounds were: xanthohumol 
(32 min), humulone (41 min), cohumulone (43 
min), adhumulone (44 min), lupulone (50 min), 
colupulone (52 min), and adlupulone (53 min). 
Calibration standards were used achieving purities 
of 60.6-93.1%, exceeding ICE-3 standards. 
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Preparation of pressurised fluid-based 
extracts

Chemical composition by HPLC

Statistical analysis



The composition of Mantiqueira hops, from freeze-
dried flower extracts, had a distinct profile (Figure 
1). The concentration of alpha and beta acids in 
Mantiqueira hops were lower than those found 
in bittering hops such as Chinook, Cascade, and 
Nugget. However, the concentration of essential 
oil was comparable to Galaxy hops, which are 
renowned for their aromatic qualities (Machado et 
al. 2018). These findings suggest that Mantiqueira 
hops may not be ideal for bitterness but offer 
potential for flavour applications.

Extractions using scCO₂ (runs 1–7, Table 1) 
were conducted using a 2² factorial design with 
temperature and pressure as key variables, and with 
triplicates at the central point to evaluate the effects 
of temperature, pressure, and their interaction.
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equations to model the relationships between 
parameters and the extraction outcomes.

As outlined in Table 1, the extracts were derived 
using different solvents, temperatures and pressure 
The molar fractions and extraction efficiencies 
of key compounds are reported in Table 2. These 
included xanthohumol, alpha acids (humulone, 
cohumulone, and adhumulone), and beta acids 
(lupulone, colupulone, and adlupulone), with 
extraction efficiency (EE) calculated according to 
Equation 2.

The antioxidant properties of Mantiqueira hop 
extracts have been attributed to their high 
concentration of phenolic compounds (Veiga et al. 
2021). 

Results and discussion

Table 2.  

Extract composition and extraction efficiency for Mantiqueira hops by different pressurised techniques.

All data as % weight. SD = standard deviation; MF = mass fraction; EE = extraction efficiency

*Runs 1 to 7 with supercritical CO2, runs 8 to 14 with pressurised propane, runs 15 to 21 with supercritical CO2 + 
ethyl acetate with MR=2, runs 22 to 28 supercritical CO2 + ethyl acetate with MR=1, and runs 29 to 31 supercritical 
CO2 + ethanol with MR=2. Details of the extraction conditions are presented in Table 1.

Extraction with supercritical CO₂ (scCO₂)



suggesting that pressure alone is a critical factor in 
extracting this compound. This finding is consistent 
with previous studies that demonstrated the 
advantages of scCO₂ extraction for maximising yield 
while maintaining the integrity of the extracted 
compounds (Zekovic et al. 2007; Rój et al. 2015; 
Pinto et al. 2023).

The overall results support the view that scCO₂ is 
a highly effective solvent for extracting bioactive 
compounds from hops, particularly alpha and beta 
acids, under optimised temperature and pressure 
conditions. The solvation power of scCO₂ is strongly 
influenced by pressure, which increases the fluid 
density and enhances its ability to dissolve a wide 
range of bioactive compounds. Moreover, the 
increase in temperature accelerates the rate of mass 
transfer from the solid matrix to the supercritical 
fluid (Pinto et al. 2023), improving the effeciency of 
extraction of compounds such as alpha acids.

The extractions using pressurised propane (runs 
8–14, Table 1) followed a 2² factorial design like 
scCO₂. The results showed that the extraction 
yield increased significantly with temperature. 
This is consistent with other studies where higher 
temperatures enhance the solubility of compounds 
in nonpolar solvents, like propane (Bizaj et al. 2021). 
However, pressure variations within the range used 
here did not significantly influence the overall 
extraction yield, indicating that the density changes 
of propane at subcritical conditions had minimal 
impact on its solvation power.

The extraction yield was positively affected by 
both temperature and pressure, primarily due 
to the increased solubility of compounds in the 
solvent at higher temperatures. As the pressure 
increased, the fluid density increased, enhancing 
the solvation power (Rój et al. 2015; Pinto et al. 
2023). However, no significant correlation between 
xanthohumol concentration and extraction 
efficiency was observed. In contrast, a combination 
of elevated temperature and pressure significantly 
improved the extraction efficiencies of the three 
alpha acids, as shown in the Pareto chart (Figure 
2a). This suggests that pressure plays a critical role 
in optimising the extraction of these compounds. 
Because the extraction behaviour of the three alpha 
acids was comparable, only the response surface 
for humulone is shown in Figure 2b, the model of 
which disregarded the temperature variable. This 
behaviour aligns with the physical properties of 
scCO₂, where increased pressure enhances the fluid 
density, thereby improving the ability of the solvent 
to dissolve and extract hydrophobic compounds 
such as alpha acids (Klimek et al. 2021).

The extraction efficiencies of the beta acids 
(lupulone, colupulone, and adlupulone) were also 
evaluated using the same statistical approach. 
The results showed that while both temperature 
and pressure had statistically significant effects on 
lupulone extraction, the other beta acids were less 
responsive to the variations in these variables. The 
Pareto chart (Figure 2c) and response surface for 
lupulone (Figure 2d) showed that temperature had 
a minimal impact on its extraction efficiency, 
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Figure 1.  

Composition of Brazilian Mantiqueira hops.

Extraction with pressurised propane



compounds. This behaviour aligns with the 
principles of subcritical fluid extraction, where 
elevated temperatures promote diffusion and 
solubility while also accelerating mass transfer 
(Bizaj et al. 2022).

Response surface analysis was conducted to 
model the extraction efficiencies of humulone and 
lupulone, the most abundant alpha and beta acids 
in the extracts. The response surfaces (Figures 3c 
and 3d) reflect the significant role of temperature 
in improving the yields of these compounds, while 
pressure showed a negligible effect across the 
range. The mathematical models derived for these 
response surfaces confirm that temperature is the 
primary driver of extraction efficiency with propane.
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Despite its effectiveness in extracting some 
compounds, pressurised propane was ineffecient 
in the extraction of xanthohumol. This is likely to 
be due to the nonpolar nature of propane, which 
results in weak interactions with the polar flavonoids 
in hops, such as xanthohumol (Klimek et al. 2021). 
Conversely, propane demonstrated a high affinity 
for hydrophobic acids, making it a promising solvent 
for obtaining extracts rich in alpha and beta acids.

Temperature was the main factor affecting the 
extraction efficiencies (EE) of alpha and beta acids. 
As shown in the Pareto diagrams (Figures 3a and 
3b), the impact of temperature outweighed any 
pressure related effect. The increase in temperature 
enhanced the solvation power of propane, 
improving the extraction efficiencies of these

Figure 2.  

Pareto charts (a, c) and response surface plots (b, d) showing the effects of process parameters on the 
extraction efficiency (EE) of humulone and lupulone from Mantiqueira hops using supercritical CO2. Extraction 
efficiency equations: EE (%) = 1.88 + 2.55∙P + 0.01∙PT for humulone, and EE (%) = 8.237 + 2.418∙P + 0.0068∙PT for 
lupulone, where P represents pressure, and PT represents the pressure-temperature interaction.



The extraction yield with scCO₂ alone was lower than 
obtained with other techniques. The introduction 
of an organic co-solvent mitigates this limitation by 
enhancing the affinity between the solvent mixture 
and the phenolic compounds of the plant matrix. 
The results are presented based on the solvent-
to-matrix (MR): one set of assays with an MR of 1, 
while the other an MR of 2.

The overall extraction yield was mainly dependent 
on the pressure. Higher extraction pressures led to 
increased extract mass per gram of the hop matrix. 
The addition of ethyl acetate (MR = 1) slightly 

The selectivity of pressurised propane for alpha 
and beta acids over polyphenols offers practical 
advantages. The reduced extraction of polyphenols 
minimises astringency, enhancing the palatability 
of the resulting extracts. This characteristic makes 
propane extraction of resins particularly suitable 
for addition during wort boiling in beer production, 
where they would contribute a clean, smooth 
bitterness without excessive astringency.

Extractions using ethyl acetate (EtOAc) as an 
organic co-solvent with scCO₂ were analysed at two 
different mass ratios (MRs) between the co-solvent 
and the initial mass of hops (runs 15-28, Table 1). 
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Figure 3.  

Pareto charts (a, c) and response surface plots (b, d) showing the effects of process parameters on the 
extraction efficiency (EE) of humulone and colupulone from Mantiqueira hops using pressurised propane. 
Extraction efficiency equations: EE (%) = 7.801+0.7476∙T for humulone, and EE (%) = 20.25+0.352∙T for colupulone.

Co-solvent extraction with scCO2

Extraction with scCO₂ + ethyl acetate at 
an MR = 1 



the beta acids (lupulone and colupulone) showed 
greater sensitivity, with their extraction efficiencies 
directly proportional to increases in pressure. 
A response surface plot illustrating lupulone’s 
extraction efficiency as a function of temperature 
and pressure is reported in Figure 4b.

Increasing the co-solvent MR to 2 significantly 
enhanced the overall extraction yield. Both 
temperature and pressure positively influenced 
the yield, with a combination of these variables 
having the most pronounced effect. As expected, 
this configuration yielded the highest efficiency 
of xanthohumol extraction and molar fraction, 
confirming the trend observed with an MR of 1. The 
increased proportion of co-solvent enhanced the 
extraction of phenolic compounds while achieving 
the highest efficiency of alpha acid extraction in this 
work. However, the efficiency of beta acid extraction 
showed a stronger dependence on extraction 
conditions (Kupski et al. 2017; Klimek et al. 2021).

Temperature and pressure played distinct roles in the 
extraction process, with the effects varying across 
different compounds. Although counterintuitive 
pressure had a negative effect on the effeciency of 
extraction of alpha and beta compounds, despite its 
positive influence on the overall yield. 
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improved the overall yield and altered the extract 
composition. The use of a co-solvent increased 
the effeciency of xanthohumol extraction by over 
30-fold, raising its molar fraction from <1 to 5.1%. 
This enhancement was accompanied by increased 
efficiency of alpha acid extraction with a slight 
reduction in beta acids. The reduction in lupulone 
concentration may favour the use of these extracts 
during maturation and packaging of beer. Studies 
have shown that the use of ethyl acetate as a co-
solvent in supercritical CO₂ extractions improves the 
efficiency of target compound extraction. This was 
effective in enhancing the extraction of caffeine from 
green tea (Bermejo et al. 2016) and triterpenoids 
from Acacia dealbata leaves (Rodrigues et al. 2023).

Statistical analysis indicated that temperature, 
pressure, and their interactions significantly 
influenced the effeciency of xanthohumol 
efficiency. Response surface models, using pressure 
and temperature as variables, were constructed to 
describe this behaviour (Figure 4a). The findings 
highlight that continuous extraction in a fixed bed 
with a co-solvent under high pressure is the most 
effective way to extract xanthohumol. Future 
studies expanding the pressure range could further 
optimise this process, which offers potential for 
producing bioactive extracts.

While the extraction efficiencies of alpha acids had 
limited sensitivity to temperature and pressure, 

Figure 4.  

Response surface plots showing the effects of process parameters on the extraction efficiency (EE) of 
xanthohumol (a) and lupulone (b) from Mantiqueira hops using supercritical CO2 + ethyl acetate at MR 1 as 
co-solvent. Extraction efficiency equations: EE (%) = −11.23+1.895∙T+6.404∙P−0.0862∙TP for xanthohumol, and EE 
(%) = −1.159+2.210∙P.

Extraction with scCO₂ + ethyl acetate at 
an MR = 2
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This discrepancy may arise from the increased 
solvent density at higher pressures, which reduce 
the ability of the solvent-co-solvent mixture to 
selectively carry denser compounds (Bermejo et 
al. 2015; Pinto et al. 2023). While the overall yield 
increased, the extract composition became more 
diverse, diluting the targeted compounds.

A similar trend was seen with temperature and the 
efficiency of extraction of alpha and beta compound. 
At higher temperatures, the increased solubility of 
lower molecular weight compounds and enhanced 
interactions with polar molecules favoured their 
extraction over alpha/beta acids. A thorough 
examination of this system would help identify 
the best conditions for obtaining (potential) bitter, 
phenolic, and flavour compounds. Nonetheless, 
the use of ethyl acetate resulted in extracts rich 
in alpha/beta and xanthohumol compounds while 
increasing the overall extraction yield.

Response surfaces were constructed to illustrate 
the behaviour of the efficiencies of extraction 
for xanthohumol, alpha acids (represented by 
cohumulone), and beta acids (represented by 
lupulone) as a function of temperature and 
pressure (Figures 5a–5c). Figure 5a shows that 
increasing pressure reduced the amount of 
xanthohumol extracted per initial hop mass in 
the fixed bed. For alpha acids, both pressure and 
temperature negatively affected extraction, with 
the lowest temperature and pressure yielding the 
highest efficiency, conditions where the co-solvent 
effect is predominant in relation to scCO₂ (Figure 
5b). As the mixture appears in a subcritical state 
at higher temperature and pressure, the viscosity 
of the mobile phase tends to be higher, hindering 
the mass transfer by the formation of a film-type 
interface between the plant matrix and the solvent-
co-solvent mixture. Similar behaviour was observed 
for beta acids (Figure 5c).

The use of ethanol as a co-solvent with supercritical 
carbon dioxide (runs 29-31) enhanced the extraction 
of polar compounds from Brazilian Mantiqueira 
hops. Table 1 shows that the extraction yield 
increases with temperature. Ethanol, being a polar 
solvent, improved the solubility and recovery of

Figure 5.  

Response surface plots showing the effects of 
process parameters on the extraction efficiency 
(EE) of (a) xanthohumol, (b) cohumulone, and 
(c) lupulone from Mantiqueira hops using 
supercritical CO2 + ethyl acetate at MR 2 as 
co-solvent. Extraction efficiency equations: EE 
(%) = 69.55−1.641∙P for xanthohumol; EE (%) = 
223.7-1.745∙T−6.760∙P+0.0753∙TP for cohumulone; 
and EE (%) = 197.4-1.274∙T−5.752∙P+0.0424∙TP for 
lupulone.

Extraction with scCO2 + ethanol



Journal of the Institute of BrewingBrazilian hops: composition and potential

© 2025 Chartered Institute of Brewers and Distillers jib.cibd.org.uk 37J Inst Brew 2025,131:27-40

of exytraction. The composition of Brazilian 
Mantiqueira hops was comparable to noble hops 
of the Czech Republic and the aroma rich North 
American hops.  This suggests a potential role 
for these hops in the production of beer with 
desirable sensory characteristics. Furthermore, the 
level of xanthohumol underscores the potential 
of Brazilian hops for producing bioactive extracts 
with antioxidant, anti-inflammatory, and anticancer 
properties.

Each extraction methodology showed promise 
for specific applications. Pressurised propane was 
most effective for extracting alpha/beta acids while 
minimising phenolic content, which is ideal for 
applications requiring minimal astringency. scCO₂ 
showed versatility in extracting efficiently both 
alpha/beta acids and xanthohumol. The scCO₂-ethyl 
acetate mixture was highly efficient for alpha acids 
and xanthohumol, making it suitable for producing 
beer with clean bitterness profiles and reduced 
astringency.

Overall, this study demonstrates the potential 
of Brazilian hops as a high value raw material for 
beverage and functional food applications. Further 
research should focus on (i) optimising extraction 
parameters, such as temperature, pressure, and co-
solvent ratios and (ii) to tailor the process for specific 
industrial applications, while combining sensory 
studies with process optimisation to leverage the 
potential of flavour and bioactive compounds.
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bioactive compounds such as xanthohumol and 
phenolic compounds, which are less soluble in 
scCO₂.

The concentration of compounds varied across 
scCO₂ + ethanol extractions (Table 2). Besides 
providing the highest yield, the extract obtained 
at 80°C and 25 MPa showed the highest levels 
of humulone, cohumulone, and xanthohumol. 
Conversely, at 60°C and 20 MPa, a marked increase 
in xanthohumol concentration was observed, but 
with lower extraction efficiency for humulone and 
cohumulone. This suggests a preference for the 
extraction of bioactive compounds like xanthohumol 
at the higher temperature. These values reflect the 
ability of the scCO₂ + ethanol system to efficiently 
extract both alpha acids and bioactive compounds.

These findings suggest that scCO₂ combined with 
ethanol is a promising method for extraction of both 
alpha/beta compounds and bioactive molecules, 
with higher temperature and pressure generally 
yielding better results in terms of both extraction 
efficiency and compound diversity. However, the 
specific composition of the extract varies depending 
on the extraction conditions, highlighting the need 
for optimisation based on the desired outcome, 
such bioactive compounds (xanthohumol) or 
compounds like humulone.

This study explores the extraction of the most 
abundant compounds in Brazilian Mantiqueira 
hops, with guidance in developing new approaches 
involving scCO₂ and co-solvents under subcritical 
and supercritical conditions. Using HPLC, seven 
key compounds were identified and quantified: 
three alpha acids (humulone, cohumulone, 
and adhumulone), three beta acids (lupulone, 
colupulone, and adlupulone), and xanthohumol. 
The extracts obtained solely with scCO₂ showed 
remarkable selectivity, representing 93.6–98.9% 
of the total mass. In contrast, extracts from 
pressurised propane and scCO₂ + cosolvents showed 
varying selectivity, with the quantified compounds 
representing respectively 54.4–80.8% and 53.0–
99.0%. The results highlight the adaptability of 
scCO₂ as a selective solvent and the potential of ethyl 
acetate as a co-solvent to enhance the efficiency.

Conclusions
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