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Resumo
No presente trabalho, o óleo de café torrado foi obtido usando dois métodos de 
extração, sendo um sistema de extração por solvente pressurizado (PSE), proposto 
no presente trabalho, e o outro um método endossado pela AOAC (Association 
of Official Analytical Chemists) INTERNATIONAL usando um sistema Soxhlet. Os 
rendimentos (% p/p) obtidos em cada um deles foram semelhantes, o que permitiu 
comparar as condições de cada método. Foi demonstrado que no sistema PSE o 
consumo de solvente (20 mL) e o tempo de extração (20 min) são menores, do que 
o volume usado no sistema Soxhlet (200 mL) e o tempo de análise usado (480 min). 
Isso faz do PSE um método de extração promissor para uso na indústria.
Palavras chaves: Óleo de café, café arábica, extração com solvente pressurizado 
(PSE), extração acelerada por solvente (ASE), química analítica verde (GAC).
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A novel coffee oil extraction procedure employing 
pressurized solvents  

Abstract
In the present work, roasted coffee bean oil was obtained using two extraction 
methods, a pressurized solvent extraction system (PSE) and a method endorsed 
by the AOAC (Association of Official Analytical Chemists) INTERNATIONAL, using a 
Soxhlet extraction system. The yields (% w/w) obtained in each of them were similar, 
which allowed the conditions of each method to be compared, demonstrating that 
in the PSE the solvent consumption (20 mL) and the extraction time (20 min) is less 
at the volume used in the Soxhlet system (200mL) and the analysis time used (480 
min). This makes PSE a promising extraction method for use in industry.
Keywords: Coffee oil, arabica coffee, pressurized solvent extraction (PSE), accelerated 
solvent extraction (ASE), green analytical chemistry (GAC).
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1. Introduction

The Coffee is one of the agricultural products that 

over the years have established itself on the list of the 

most consumed in the world (1). Therefore, the demand 

for processed coffee products in the international market 

increases every day, highlighting the aroma and flavor 

extracts of roasted coffee, sensory attributes that are due to 

a mixture of a wide variety of volatile compounds obtained 

during the roasting process (2), qualities widely used in so-

called sophisticated foods (3).

Studies have shown that ketones, pyrazines, furans, 

phenols and pyrrole are the main compounds responsible 

for the aroma of these roasted coffee beans (4). However, 

it has also been shown that these volatile compounds vary 

according to geographical location, the botanical variety 

of coffee beans (robusta, arabica, among others) and 

mainly, according to the roasting process carried out (time, 

temperatures, between others) (5). Observing that coffee 

oil is one of the main carriers of the aroma and flavor of 

roasted coffee (1), which is obtained between 10-15% 

by weight (depending on the variety of the bean) of the 

organic residues of the brewed coffee, the so-called spent 

coffee grounds (SCG) (6).

Because of this, coffee oil is widely used as a 

flavoring in food industries (ice cream, beverages, instant 

coffee) (7) or as a natural ingredient in cosmetic and 

grooming products (8,9). As a “superior line” product 

with high quality, it must meet some specifications to be 

consumed and exported, one of those requirements being 

the determination of acidity, which also varies according to 

the soil of the crop, the climatic conditions, the management 

of the harvest, the species, etc. So, the raw material need 

to be first analyzed, to see if it is able to produce a final 

product with low acidity. The analysis of acidity and free 

fatty acids are extremely important parameters that allow 

us to know the state of deterioration of the product, during 

the storage of the raw material and, also the state of the oil 

after it has been extracted (10).

One of the most used techniques for the extraction 

of coffee oil is the one that uses organic solvents; the 

drawback is that this technique leaves permanent residues 

in the products that are considered toxic for human 

consumption (11). Therefore, modern and environmentally 

friendly technologies, such as the extraction of supercritical 

fluids (SFE), helps to give added value to the by-products 

of processes where different types of food participate 

(fruits, grains, coffee), being therefore widely used in the 

food industry (12).

But works using an extraction method based on 

Soxhlet principles are also reported, such as the work 

by Phimsen et al., where they obtain a 13% yield when 

extracting from ground coffee an oil that is used as a 

biohydrotreated fuel, using hexane as a solvent (13). Topala 

et al., compared the composition of the coffee oil extracted 

by Soxhlet and by SFE, using n-hexane and ethyl acetate as 

solvents, obtaining similar results in both processes. But in 

turn, better performance can be observed in less time when 

extracting with supercritical CO
2
 and n-hexane, but when 

using ethyl acetate as a solvent, it is possible to identify 

phenolic acids (14).

The methodology used in this work is described 

by AOAC (15), using Soxhlet extraction with 200 mL of 

petroleum ether as solvent. PSE is an extraction procedure, 

which uses organic solvents at high pressure (70 - 140 bar) 

and temperature above the boiling point (50 - 200 ºC) (16). 

Aiming to carry out the extraction of solid sample coffee oil 

quickly and with a lower solvent consumption, compared 

to traditional methods (17). In fact, this occur because the 

maximization in mass transfer rates and solubility can be 

reached, causing the breaking in solute-matrix interactions 

allowed by superficial equilibrium breaking, and promoting 

viscosity and solvent superficial tension reduction. 

In this work a “home-made” PSE system (18), 

simple and of low cost, was applied for coffee oil 

extraction of the raw beans. The data obtained with PSE 

were compared to those obtained using the official AOAC 

(Soxhlet) extraction method.
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2. Materials and methods 
 

2.1. Reagents

 All reagents and solvents were analytical grade. 

Petroleum ether was from Merck (Rio de Janeiro, Brazil). 

Nitrogen was from AGA (São Paulo, Brazil).

2.2. PSE System

 The PSE system (Figure 1), previously described 

in detail (18), consist of one pneumatic pump, wherein the 

solvent is placed and pressurized directly with nitrogen, 

different sizes stainless steel extraction cells with filters; 

valves; oven and connections. The pressurized solvent 

percolates the sample disposed in the extraction cell, 

removing the analytes from the sample.

Figure 1. Representative drawing of the main components of the Pressurized Solvent Extraction (PSE) system. 1. Gas tank; 2. Solvent vessel; 3. Flow 
control valves; 4. Cell heater; 5. Extraction cell; 6. Collector

2.3. Sample preparation

 Fifty grams of raw arabica coffee beans were 

dried in stove at 100 ºC for 5 hours. After cool, mill 

grinding and sieved in mesh 0.42 mm.

 

 

 

2.4. Soxhlet extraction 

 The extraction of coffee oil is carried out from 

8 grams of coffee previously prepared using the Soxhlet 

method (in triplicate), using 200 mL of petroleum ether for 

8 hours at the heat plate (30 - 60 ºC). Then solvent has 

been evaporated in a stove (105 ºC) until residue has been 

dried, for approximately 1 hour. The coffee oil content was 

determined, after cooling, by gravimetric method.
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2.5. PSE extraction 

 The pressurization vessel is completed with 

petroleum ether and pressurized to 69 bars. Eight grams 

of coffee samples, in triplicate, previously described, 

were placed in cell extraction (30 cm x 0.8 cm. I.D.) and 

transferred to the heat system maintained at 80 ºC. Initially 

the cell was filled out with petroleum ether and five minutes 

were necessary for thermal equilibrium. Static extraction 

was done for 10 minutes and dynamic extraction for more 

10 min in a flow rate of 2 mL min-1 approximately. After 

finishing the extraction, the system was purged with nitrogen 

to eliminate all solvent remaining in cell. The solvent has 

been evaporated in rotary evaporator, being the remainder 

in the oil-extracted residue eliminated with nitrogen. The 

amount of oil was determined gravimetrically. 

 

 

3. Results and discussion 
 

 Table 1 describes the main data obtained for both 

investigated systems. It clearly shows the workability of 

PSE applied as an alternative for traditional methodology 

(Soxhlet) within 95% agreement. Comparisons also show 

a reduction in solvent consumption from 200 mL to 20 

mL (a reduction of 10 times), as well as, in time analysis 

- from 480 to just 20 minutes (a reduction of over 20 

times), to carry out the extraction. This reduction on time 

allows optimizing analytical parameters, making easier 

the laboratory methodology validation and the processes 

monitoring. Besides, the method variability as measured 

by the relative standard deviations of three consecutive 

extractions, shows a 3 times lower RSD for the PSE 

procedure. These reductions allow improving a coffee oil 

plant production by better controlling the process variables.

Table 1. Coffee oil extraction

Method Solvent Solvent Volume 
(mL)

Extraction Time 
(min)

Yield 
 (% w/w) RSD (n=3)

Soxhlet Petroleum ether 200 480 16.23 0.40

PSE Petroleum ether 20 20 15.97 0.15

4. Concluding remarks 
 

 The results presented in this work evidenced that 

the extraction conditions carried out in both methods had 

a significant effect on the yield of coffee oil. It was also 

found viable to work with the PSE system when compared 

to the Soxhlet system, since with the first one similar 

result are achieved in less time and using a lesser amount 

of solvent in a more inert atmosphere. These avoid the 

decomposition of thermally labile compounds during the 

process, characteristics that all together allow us to consider 

that PSE can be considered in this case as a green analytical 

chemistry method (GAC) for the coffee oil production.
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