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Introduction
Coffee is the second most valuable commodity exported by 

developing countries, second to crude oil [1,2]. The main product is 
the roasted and ground coffee, including the rapidly growing segment 
of specialty or gourmet coffee that is striving for highest quality 
standards. Consumers are looking for specific characteristics of the 
coffee beverages, such as special flavors and bodies, which reveals a 
growing tendency and a shift towards specialty qualities.

In recent years, new coffee-based product formats have been 
explored. For example, coffee oil, which makes about 10% of 
the roasted beans weight, is a good matrix for the coffee aroma 
[3,4]. Hence, coffee oil is being used as a matrix to collect and re-
incorporate recovered coffee aroma either in premium soluble coffee 
or other food products. Furthermore, chlorogenic acids extract, 
which make up between 4 to 11% of the green coffee bean dry weight 
[5] and known for their antioxidant properties [6] is used e.g. as a 
suplement in cosmetic products [7]. Recently new sunscreens have 
been formulated based on such coffee extracts [8,9]. The use of green 
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coffee as a food supplement is one of the latest developments [10].

Coffee can be produced from different species, geographical 
origins, with the presence or absence of defects, at several degrees of 
roasting, and may even contain contaminants [11]. Changes in the 
quality of the raw material and in the process that coffee is subjected 
to will result in variations in the composition of the product and 
its properties. Quality control therefore becomes necessary for the 
standardization of the final product, which is of interest to consumers, 
industry and regulatory agencies.

In sensory assessments, even trained tasters may have a wide 
spread of sensory scores uncertainties; e.g. the assessment of the 
robusta content in a blend can hardly be achieved with an uncertainty 
smaller than 20% [12]; therefore instrumental and quatitative 
evaluation methods are in demand. Several classical techniques are in 
use for coffee quality control. In spite of the fact that these methods 
are precise and sensitive, they are often expensive, time and chemical 
consuming. In many cases, online control or random sampling are 
impraticable. Therefore, significant effort has been devoted to the 
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(Haan, Germany), model MM400, digital, 3 - 30 Hz, was used (1 min, 
30 Hz).

To roast the samples to light and medium degrees (corresponding 
to weight loss of 13% and 17%, respectively), a Probat PRG1Z sample 
roaster (Emmerich am Rhein, Germany), with a capacity of 100 g, 
at a maximum of 200°C, was used. Rosting times were 6 to 7 min. 
Roasted coffee was ground using a Ditting Maschinen AG grinder 
(Bachenbülach, Switzerland), model KR805, operated at a grinding 
degree setting of 2. The water extracts were obtained by adding 
hot tap-water (92°C) to roasted and ground coffee (light degree of 
roasting). After 3 min, the solution was filtered (paper filter Hario 
V60; Tokyo, Japan). Two concentrations, 25 and 50 g·L-1, were used. 
The water extract analyses were performed in small NMR cups 
(Rotilabo-NMR-Röhrchen) on a glass slide by moving the focus point 
on the sample.

The oil of two blends of defective beans with healthy beans 
(roasted at medium level) was used to evaluate the possibility of 
Raman analysis in classifying coffee samples. The samples (D1 and 
D2) were composed of 70 % (w/w) of healthy Coffea arabica beans and 
30 % of a blend (Blend 1 and Blend 2) of defective beans with healthy 
beans (C. arabica). These blends were classified by a trained and 
experienced professional (from IAPAR) as following: Blend 1 (that 
composed 30 % ofD1) – whole-healthy (10.6 %), broken (37.4 %), 
sour (37.5 %), black (13.2 %), and skin+woods (1.4 %); Blend 2 (that 
composed 30 % of D2) - whole-healthy (11.1 %), broken (28.2 %), 
sour (53.5 %), black (6.0 %), and skin+woods (0.7 %). These samples 
(Blend 1 and Blend 2) were obtained from coffee farmers in the region 
of IAPAR, Brazil, i.e., they were not assembled in a laboratory.

To obtain the coffee oils, the extraction was carried out (10 g of 
ground sample with 20 g of sodium sulfate, a drying agent) by Soxhlet 
(Büchi, model B-811; Flawil, Switzerland) for 3 h with tert-butyl 
methyl ether (modified from [12]).

For Raman analysis, three different pieces of equipment were 
tested: i) Confocal Raman microscope Alpha 300, WITec (Ulm, 
Germany) equipped with a green laser at 532 nm, 20x/50x/100x 
objectives, and a microscope (WITec) x-y-z scan stage; ii) Skin 
Analyzer - River Diagnostics BV (Rotterdam, Netherland), 
model 3510 SCA, coupled to an inverted microscope DERM 1000 
measurement x-z stage (785 nm and 671 nm lasers); iii) FT-Raman 
spectrophotometer (Bruker, Billerica, USA), model RFS 100/S, 
equipped with a laser of 1064 nm (laser control AD LAS, Nd:YAG 
laser), coupled with a manual biological microscope Nikon Optiphot 
(Tokyo, Japan). No calculation was made. The spectra displayed 
here were obtained from the raw data. A Fourier transform infrared 
spectrometer with attenuated total reflectance detector (FTIR-ATR) 

development of less onerous and simpler methods. Spectroscopic 
techniques are here an interesting option [13].

Medium and Near Infrared spectroscopy were used for species 
discrimination [14-16], and the differentiation of Coffea arabica 
cultivars [17]. The quality control regarding the defects and impurity 
of the coffee was also studied using NIR and Diffuse Reflectance 
[18,19]. Defects is a term used in commercial practice in reference 
to defective beans, such as sour or brown, black, immature, insect-
damaged or worm-holes, as well as extraneous matter, such as woods, 
husks, skins, and stones [13].

Organic and non-organic R&G coffee were discriminated by 
infrared-photoacoustic [20]. For the identification of discrepancies 
among the spectra of each sample, a statistical approach was necessary. 
Spectroscopic techniques associated to chemometric methods for 
multivariate analysis, such as PCA (Principal Component Analysis) 
and PLS (Regression Partial Least Squares), have shown promise in 
coffee quality monitoring [12,21-23]. In this way, Raman becomes an 
attractive technique for the evaluation of coffee.

Raman spectroscopy is considered a reliable, simple (to operate) 
and fast technique. It uses a small quantity of sample and is often 
nondestrutive (depending on the laser power, as reported here). 
The spectrum obtained gives information about the structure 
and composition of solids, liquids, and gases, and is unique for 
each sample. The Raman effect is based on the inelastic scattering 
of monochromatic laser radiation by molecular vibration when 
the scattering is accompanied by a change of polarizability in the 
chemical bonds. Since the energy losses (frequency shifts) reflect the 
internal vibrational energies of the molecules in a sample, and the 
intensity of scattering is directly proportional to the concentration of 
these molecules, the Raman spectrum, which aggregates the effects of 
all the different functional groups, is considered a fingerprint of the 
sample [13,21,24].

Despite the fact that the use of Raman spectroscopy on coffee 
has been increasing in recent years, especially for the oil of roasted 
and ground coffee [12,21], for green beans [22,23], the oil of ground 
green coffee [23], and for water extracts [25], it is still considered an 
emerging technique for coffee quality control, especially for R&G 
samples. In particular we are not aware of any study where roasted 
coffee samples were compared based on Raman spectra. This study 
explored different samples of coffee to demonstrate the advantages 
and difficulties of the evaluation of coffee by Raman spectroscopy. 
We consider that this is an important step for the development of a 
coffee quality monitoring method based on this technique.

Materials and Methods
Samples of green and roasted coffee, their oil extracts, and water 

extract of roasted and ground coffee were evaluated. The main 
variations on the method conditions were the wavelength (532, 671, 
785 and 1064 nm) and the power of the Raman laser (50, 100 and 
300 mV for analysis at 1064 nm). The spectra were recorded in the 
range [0 - 4000 cm-1] for the assays at 532 nm and 1064 nm, and [2600 
- 4000 cm-1] for tests at 671 nm and 785 nm. In addition to this, a 
microscope coupled to the Raman equipment was used for imaging 
purposes, which provided additional information about the sample 
structure during analysis.

Coffea arabica beans were supplied by Instituto Agronômico do 
Paraná - IAPAR (Londrina, Brazil: Latitude -23.29, Longitude -51.17; 
23° 17' 34" S, 51° 10' 24" W; humid subtropical climate).

For the green sample analysis, a transversal cut was made in 
the beans with a scalpel. As the coffee bean has different sections, 
with different compositions [23], several regions of the slice were 
evaluated, by a motorised computer controlled sample stage. For 
the ground green beans oil extraction, a green coffee grinder Retsch 
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Figure 1: Typical Raman spectra (Raman intensity [arb. units] x relative 
wavenumber/cm-1) obtained at 1064 nm for samples of roasted coffee beans 
at different degrees of roasting and laser power.
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analysis for roasted coffee, since it is important to preserve the 
structure of the sample to obtain reliable results.

For green coffee at 532 nm, the spectral profile varied with the 
bean’s cross-sectional region, especially in terms of fluorescence 
interference, which is illustrated by the parabolic tendency (Figure 3). 
Regions 1, 4 and 5 of the coffee bean are visually similar, but differ in 
the spectral profile. Similar spectra were expected for areas 2 and 8, 
which are border regions of the bean, but which could not be verified 
in the data. Moreover, regions 3 and 7, which are from different 
regions (between center and border, and in the center, respectively), 
produced similar profiles, considering the peaks and the fluorescence 
interference (Figure 3). The fact that we observed variations of the 
spectra by varying the region of the green bean makes it difficult to 
standardize the Raman analysis for these samples. In 2011, El-Abassy 
et al. [23] reported on Raman analysis of three different layers of the 
green Coffea arabica surface slices. They highlighted discrepancies 
in the intensities of Raman peaks (514.5 nm) particularly around 
1600 cm-1, which were attributed to the heterogeneity of distribution 
of chlorogenic acids and lipids in the layers. While in this work 
and setup variations were observed on different regions of an x-y-z 
surface of a green bean layer, El-Abassy et al. examined different 
layers. Both studies are consistent and confirm that Raman spectra 
vary for different spots and regions within the coffee green structure. 
This is likely due to the 3D inhomogeneity in the chemical structure 
and composition of green beans.

Figure 4 presents the oil spectra of roasted and ground coffee 
(R&G) and green and ground coffee (G&G) at different wavelengths. 

(Bruker, Billerica, EUA, Tensor 37, with a cell of analysis Specac, 
Orpington, England) was used to compare coffee oil samples with the 
Raman analysis. The spectrum was obtained by 10 seconds-reading. 
An oil drop was analyzed (in triplicate) directly on the window of 
reading.

Discussion/Conclusion
Raman signals were not detected for the water extracts. For 

roasted and ground coffee at 1064 nm, an increase in the Raman 
response with decreasing wavenumber (Figure 1) was observed, 
which is typical of fluorescence interference for dark samples [25].

The difficulty in identifying peaks that could be related to the 
sample composition at higher laser power (300 mV) is notable 
(Figure 1). In fact, Raman intensity is proportional to the laser power, 
but so is the fluorescence [24]. There are some propositions in the 
literature as to how to avoid these interferences, such as the use of 
QuEChERS [26] or by changing the laser wavelengths [25]. However, 
no report was found describing the direct analysis of R&G coffee by 
Raman technique.

The roasting degree has little effect on the Raman responses, 
as exemplified in figure 1 (light to medium roast at the same laser 
power). However, damage caused by the heating from the laser (671 
nm) was verified on the coffee bean surface (Figure 2). The roasted 
bean absorbed the laser light energy that is supplied through the lens 
to a very small spot on the sample. This means that the sample heats 
up locally and eventually get darker and absorb even more light. The 
result is damage on the sample. This is also a limitation of Raman 

 

Figure 2: Images of a roasted (light degree) coffeegranule before (on left) and after (on right) the application of 671 nm Raman laser. The circular white 
marks highlight the damage caused by the laser when the sample is moved in x-y directions. (The dark line on the left image is just a scratch on the support 
window).
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Figure 3: Raman spectra (Raman intensity [arb. units] x relative wavenumber/cm-1) at 532 nm for different regions (1-8) of the green coffee bean cross 
section (right).
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It was compared the Raman spectra for both sample (healthy beans) 
at 785 nm, between 400-1800 cm-1 (Figure 4A). At 671 nm, the same 
samples were evaluated, but in the region 2550-3300 cm-1 (Figure 4B). 
The range between 2800 and 3100 cm-1 are attributed to symmetric 
and asymmetric C-C and C-H stretching vibrations, while the signals 
between 1200 and 1800 cm-1 are related to typical organic groups, 
which are more relevant to the discrimination of coffee species and 
considered the fingerprint of the samples [12,21,22]. Considering that 
roasting is an intense process that induces physical transformations, 
a large range of chemical reactions and important changes in the 
coffee composition [27,28], it is to be expected that changes occur in 
the lipid fraction as well. However, it can be observed that G&G and 
R&G oils have a similar Raman spectra profile, with subtle differences 
(Figure 4A and Figure 4B).

At 532 nm, no Raman signal was obtained with respect to R&G 
coffee oil (Figure 4C), probably due to the interference of pigments 
and other compounds developed during the roasting process, which 
was not observed at other wavelengths. The Raman spectra for G&G 
oil at 532 nm showed an interesting profile, matching the literature 
results [21]. Of additional interest is the comparison between this 
spectrum and the FTIR-ATR (Fourier transform spectroscopy with 
attenuated total reflectance detector) spectrum of R&G coffee (Figure 
4C). It is possible to verify similarities in the wavenumber of the 
signals and in the shape of the peaks, which demonstrate similarities 
in the information about chemical groups, such as the peaks around 
1450 cm-1 and 2900 cm-1. It indicates that Raman analysis at 532 
nm can provide reliable information about the sample composition 
before the roasting process, once the infrared Fourier transform 
spectroscopy with reflectance detector has become a well-established 
technique for roasted coffee samples discrimination [29,30].

One possible application of Raman analysis for coffee quality 
control is the determination of the defects ratio in a blend. After 
the roasting and grinding processes, chemical-based assessment is 
necessary to detect the defective beans, since the visual and mechanical 
methods are no longer applicable. Two samples composed of blends 
of defects with healthy beans (D1 and D2) were evaluated at 785 nm 

in the Raman fingerprint region. Roasted and ground under the same 
conditions, the samples presented characteristic Raman spectrum 
profiles. The Raman scattering bands attributed to cafestol and kaweol 
[21], two diterpenes present in the unsaponifiable matter of coffee 
lipids, were observed. Bands at 1478, 1500 and 1567 cm-1, related 
to C = C stretching of furan cycle, and at 1657 cm-1, related to C = 
C streching of cyclohexene, were detected (Figure 4D). Diterpenes 
are considered coffee species discriminators since they are present 
in different concentrations when Coffea arabica and C. Canephora 
are compared [31]. D1 and D2 have different proportions in terms 
of defects. Further evaluations using chemometric techniques for 
the data analysis have to be done to verify if the slight differences 
visually observed can explain the differences in terms of defects. The 
spectra in figure 4D were normalized to compensate for any change 
in experimental conditions.

Slight differences can be observed in the shape and absorbance 
of the bands in figure 4D. It means that these results are assessable 
by chemometric methods for the investigation of similarities and 
discrepancies among the samples, which could classify the different 
samples of coffee in terms of defects.

Considering the above discussion, we conclude that further 
study should be conducted regarding to the direct Raman analysis of 
R&G coffee. Extra care should be taken when the Raman spectrum is 
acquired from green coffee, since the response is dependent on the 
bean surface area being analysed. The Raman spectra of R&G and 
G&G oils provide reliable information about the sample composition. 
Raman spectroscopy in conjunction with an appropriate statistical 
method can be used for the development of a tool for coffee quality 
monitoring.
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Figure 4: Raman spectra (Raman intensity [arb. units] x relative wavenumber/cm-1) and FTIR-ATR spectrum (normalized absorbance x wavenumber/cm-1) 
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All the samples were obtained from coffea arabica. Medium roasting degree.
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