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Abstract

Hirri A., De Luca M., Ioele G., Balouki A., Bassbasi M., Kzaiber F., Oussama A., Ragno G. (2015): Chemomet-
ric classification of citrus juices of Moroccan cultivars by infrared spectroscopy. Czech J. Food Sci., 33: 137–142.

Fourier transform – infrared (FTIR) spectroscopy in connection with chemometric methodologies was used as a fast 
and direct analytical approach to classify citrus cultivars by the measurements on their juice. Modern multivariate 
analysis responds to the current needs for economic, simple, and fast methods able to classify new unknown samples 
with great accuracy. A set of 135 samples of citrus juice, representative of three cultivars (Hamlin, Muska, and Valencia), 
all picked in the same geographical area of Morocco, were analysed. Chemometric discrimination of the juice samples 
was achieved by principal component analysis (PCA) performed on the FTIR spectral data from the juice samples, 
showing an explained variance of 97.84% by considering only 2 PCs. A fully correct classification of the three Moroc-
can cultivars was then obtained by using Partial Least Square-Discriminant Analysis (PLS-DA) modelling procedure.

Keywords: Fourier transform infrared; Multivariate analysis; cultivar classification; Principal Component Analysis; Partial 
Least Squares-Discriminant Analysis

Citrus fruits are grown throughout the world and 
are highly appreciated for their juice and for the nu-
merous benefits for human health. Many therapeutic 
properties have been attributed to citrus fruits, such 
as antiviral, anticancer, anti-inflammatory activities 
(Ejaz et al. 2006; Codoñer-Franch & Valls-Bellés 
2010). Beneficial effects on cardiovascular diseases 
have been also described (Mulvihill & Huff 2012). 
The high amounts of available bioactive compounds 
in citrus fruits, such as flavonoids, carotenoids, vi-
tamins, and minerals are considered responsible for 
the numerous health benefits. Moreover, these fruits 
are a primary source of vitamin C (Martí et al 2009). 

It is well known that chemical composition of the 
citrus juice varies with the cultivars (Fallahi et al. 
1990; Bade et al. 1991; Bermejo et al. 2011, 2012). 
The chemical composition of the Citrus fruits is the 
result of the combined influence of genetic mechanisms 

and chemical, biological, and environmental factors 
(Gattuso et al 2007; Ebere Okwu 2008). Nowadays, 
the identification of the citrus cultivars is becoming 
a topic of technological and economic interest. The 
requirements for citrus juice are increasing and the 
commercial interest in high quality products is growing 
(Lanfranchi 2012; Zhao et al. 2012; Sidana et al. 
2013). Moreover, the proper cultivar identification can 
be a useful tool for the growers who need to certify 
and guarantee their plant products.

The high biodiversity of citrus requires appropriate 
analytical methods for the correct discrimination of 
different cultivars. Until recently, the citrus cultivars 
have been mainly discriminated and classified on the 
basis of morphological and agronomic characteristics 
(Koehler-Santos et al. 2003). The identification 
based on the analysis of the inter-simple sequence 
repeat (ISSR) markers has also been cited (Fang & 
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Roose 1997). The greater part of analysis known for 
the identification of cultivars is often time and money 
consuming and involves a considerable sample pre-
treatment, in which complex chemical procedures 
and sophisticated instruments are required. 

Recently, Fourier transform infrared (FT-IR) spec-
troscopy has been well-accepted as an emerging ana-
lytical technique with advantages from the  point 
of view of global cost per sample. This technique 
allows a rapid analysis and needs little or no sample 
pre-treatment. FT-IR has been widely used for the 
analysis of food and pharmaceuticals in both academic 
and industrial sectors (Galtier et al. 2008; Wu et 
al. 2008; Hennessy et al. 2009; Blanco et al. 2010; 
Terouzi et al. 2011; De Luca et al. 2012; Bassbassi 
et al. 2014). Some attempts at discriminating differ-
ent citrus varieties by using the FTIR technique have 
been proposed (Zhou et al. 2012; Zhao et al 2014).

In literature, it is possible to find many research works 
where FTIR data have been processed by chemometric 
approaches in order to define the methods of classifica-
tion or characterisation via multivariate data modelling. 
This methodology has shown to be very useful, because 
of the capability in extracting specific and/or unspecific 
information from FTIR signals (Zagonel et al. 2004). 

In this research, we investigated a new method to 
classify different varieties of citrus according to the 
analytical information obtained from their juices by 
means of Attenuated Total Reflection coupled with 
Fourier Transform Infrared Spectroscopy (ATR-FTIR). 
Recently, the ATR technique has renovated the pro-
cedures in the analysis of solid and liquid samples. It 
greatly simplifies the sample pre-treatment and al-
lows satisfactory spectral reproducibility. The details 
about this argument have been described in literature 
(Mirabella 1993; Hind et al. 2001; Kazarian & 
Chan 2006). The application of ATR has been recently 
reported for the analysis of food matrices, correlated 
with rich information on the use of this technique and 
its great potential in various research fields (Anjos 
et al. 2015; Jaiswal et al. 2015).

The goal of this work was the chemometric clas-
sification of three Moroccan citrus cultivars by ATR 
FT-IR data from juice samples. This approach could 
represent a real novelty in the chemical characterisa-
tion of the citrus. Spectroscopic data were collected 
from different citrus cultivars: Hamlin, Muska, and 
Valencia, all from the Moroccan region of Beni-Mellal. 
The first spectra exploration, after appropriate data 
pre-processing procedure, was performed by PCA, 
allowing a rapid and simple visualisation of the cultivar 

samples in three classes. The supervised method PLS-DA 
using the FTIR data was then applied to achieve the 
chemometric classification of the unknown samples.

Practical application. The identification of citrus 
cultivars is a topic of the food sector, both techno-
logical and economic. The great demand for the 
commercial interest in citrus juice are focused on the 
level of quality and value for money products. This 
research presents a chemometric discrimination of 
some Moroccan citrus cultivars by using the ATR 
FTIR data obtained out from direct analysis of the 
juice samples. This analytical procedure can depict 
an effective innovation in the chemical characterisa-
tion and classification of the citrus.

MATERIAL AND METHODS

Citrus samples. The experiments were carried out on 
the samples of citrus fruit of three Moroccan cultivars: 
Hamlin, Muska, and Valencia. All trees were cultivated 
in the same experimental field (Ouled Gnaou, Beni 
Mellal, Morocco). With each of the three cultivars, the 
samples were harvested from 45 different trees and 
from the four orientations (North (N), South (S), East 
(E), and West (W)). The investigation was focused on 
135 samples of citrus juice: 39 samples on j-Hamlin, 
48 samples of j-Muska, and 48 samples of j-Valencia.

Fourier transform mid-infrared (FTIR) analy-
sis. Infrared spectra were acquired on a Vector 22 
Bruker Fourier transform infrared (FTIR) spectro- 
meter (Bruker, Casablanca, Morocco) equipped with 
a deuterated triglycine sulphate (DTGS). The meas-
urements were performed using a single-reflection 
diamond attenuated total reflection (ATR) accessory 
with a sample pressure applicator (DuraSamplIR, 
Vitry-sur-Seine, France). 

ATR measures the changes that occur in an infrared 
beam when it comes into contact with a sample. The IR 
beam is directed onto an optically dense crystal with 
a high refractive index and uses the internal reflection 
resulting in an evanescent wave that extends beyond the 
surface of the crystal into the sample held in contact 
with the crystal. This evanescent wave penetrates only 
a few microns (0.5–5 μ) into the sample surface and 
will be attenuated or altered when the sample absorbs 
energy. This energy variation is recorded for all the 
wavelengths, thus providing so the corresponding 
infrared spectrum. The crystal of the ATR accessory 
has a high refractive index, generally greater than 
those of most of the solid and liquid samples. 
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Analysis conditions. Juice citrus samples were 
deposited on the ATR cell equipped with a diamond 
crystal prism (monoreflexion). Mid-Infrared spectra 
were recorded between 4000 and 700 cm–1. 98 scans 
were co-added with a nominal resolution of 4 cm–1. 
Air was taken as reference for the background spec-
trum before the collection of each sample spectrum. 
Before each analysis, the ATR plate was cleaned in 
situ by scrubbing it with ethanol solution, enabling 
the ATR to dry. Cleanliness was verified by collecting 
the background spectrum and comparing it with the 
previous background spectra in order to evaluate the 
instrumental conditions and laboratory interferences 
from H2O and CO2. 

Chemometric treatment of FTIR spectra. With 
the aim to obtain more information from the FTIR 
analysis, the spectra were firstly subjected to the data 
pre-processing (De Luca et al. 2014). Figure 1 shows 
the FTIR mean spectra of the three citrus cultivars. 
In consideration of the high signal contribution due 
to H2O and CO2 in the juice samples, the spectral 
regions 4000–3030, 1900–1500, and 2400–2200 cm–1 
were respectively removed because they are rich in 
instrumental noise and bring useless information 
(Iñón et al. 2003).

On the native data, Multiplicative Scatter Correc-
tion (MSC), Standard Normal Variate (SNV), and De-
rivative data pre-treatments were applied (Iñón et al. 
2003; Maggio et al. 2009). The classification algorithm  
PLS-DA (Kowalski 1984) performs a PCA in both X 
and Y matrices. Therefore, each PC is extracted from 
the independent variables and correlated with the vari-
ance of the dependent variable (Wold & Sjöström 
1998). PCA allows to reduce the analytical data to a 
few latent variables (PCs) that represent the main in-
formation from the original data. The first PCs carry 
most information whereas, after a number of PCs, the 
variance can be discarded because of the noise. 

PLS-DA was performed with the purpose of creating a 
classification model able to determine the cultivar of new 
samples. During the calibration process, the PLS-DA  
method was trained to compute the three “membership 
values” (Y variables) relative to each cultivar. 

The spectral data matrix, consisting of 135 spec-
tra, was randomly divided into two groups: the first 
one, including 108 samples (30 samples for j-Hamlin, 
39 samples for j-Muska, and 39 samples for j-Valencia), 
used for the modelling step, and the second one, in-
cluding 27 samples (9 samples for each cultivar class), 
used for external validation procedure. The calibration 
model was validated by applying the leave-1-out cross 

as internal validation procedure. The assessment of 
errors in calibration was estimated by calculating 
the standard error of cross validation (RMSECV) 
for comparison with the actual values, calculated 
for each cultivar. The acceptable models had to have 
a low RMSECV and a high coefficient of correlation 
R2 and good classification of the prediction samples.

Software for FTIR data treatment. ATR FTIR 
spectra were recorded by the instrument software 
OPUS 4.0 MSD (Bruker, Casablanca, Morocco). 
Unscrambler software version 10.3 from CAMO 
(Computer Aided Modelling, Trondheim, Norway) 
was used for the chemometric treatment of ATR 
FTIR spectral data.

RESULTS AND DISCUSSION

Analysis of FTIR citrus juice. The differences 
between the spectra, showed in Figure 1, were ovi-
ously small and manifested just in limited zones of 
the spectra. Data analysis by using single peaks or 
limited wavelength ranges for extracting the informa-
tion about the cultivars seemed very hard. These data 
were so elaborated by multivariate data approaches, 
using the spectral range between 1400 and 700 cm–1. 

The performance in PCA data elaboration was 
used as a criterion to select the data pre-treatment 
procedure. The highest explained variance, consider-
ing the first two PCs, appeared to be 97.84% when 
the derivative function through the Savitzky-Golay 
algorithm was used (Candolfi et al. 1999). The deriva-
tive parameters were optimised as follows: first order, 
number of smoothing points 3, and polynomial order 2.

Figure 1. Mean FTIR-ATR spectra of citrus juice samples 
recorded for the three different cultivars
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Chemometric analysis. Figure 2 shows the PC1 
vs. PC2 score plot, accounting for 97.84% of the 
data variance. All the classes proved to be perfectly 
separated from the others. 

In the classification step, PLS-DA modelling was 
performed to discriminate the juices of samples 
picked at different times. The procedure used a PLS2 
algorithm, fixing a Y-variable for each citrus cultivar. 
The performance of the model was evaluated in terms 
of the correlation coefficient between the calibrated 
and reference values (R2) and RMSECV. The results 
of calibration and validation model are presented in 
Table 1. The statistical parameters resulted accept-
able with a low RMSECV (0.0798–0.1211) and high 
R2 values (below 0.9878).

In order to show the differences between the cit-
rus cultivars, the score plot using the first two PCs 
was used (Figure 3). Three regions (groups) were 
clearly identified. Each group represented one type 
of citrus juice. 

These results demonstrated the ability of the pro-
posed technique to discriminate between the citrus 
juice cultivars used in this study. Figure 4 shows the 
x-variable loadings resulting from the calibration 
model. As can be seen, the spectral region between 

1150 and 900 cm–1 seemed most abundat in analyti-
cal information useful to discriminate the classes. 

A further selection of the wavelength regions to be 
used in calibration, so to ensure the acquisition of the 
most useful information and the removal of redun-
dant zones or noisy data, was performed by using the 
Martens’ Uncertainty Test (Martens & Martens 
2000). Unfortunately, this approach was unable to 
improve the performance of the classification model. 
Consequently, it appeared necessary to consider all 
the signals within the range 1400–700 cm–1 in the 
construction of the model.

Classification of new samples. The results ob-
tained from the external validation performed on 
the prediction set of samples are listed in Table 2. 
For each sample, a Yn value lower than 0.45 was 
considered as not belonging to the cultivar class 
Yn, while a value higher than 0.55 recognised the 
sample as belonging to the Yn class. The results 
between 0.45 and 0.55 could be considered suspi-
cious because these limits express 10% of error in 
the results. By adopting these limits, 100% of the 
samples from the cultivars were well predicted and 
no sample was detected as having suspicious origin. 
The rapidity of analysis, the availability of citrus all 

Table 1. Statistical parameters by chemometric elabora-
tion of citrus cultivars FTIR spectra in calibration and 
internal validation step

Cultivar
Full cross validation (PCs = 3)

R2 RMSECV

Hamline 0.9878 0.0948

Muska 0.9885 0.1211

Valencia 0.9901 0.0798

RMSECV – root mean square error of cross validation

Figure 3. Score plot of PLS-DA model for citrus juice of 
different cultivars (●Muska; ▲Valencia; ■ Hamline)

Figure 2. Score plot of citrus juices for PCA by using 2 PCs
(●Muska; ▲Valencia; ■ Hamline)

Figure 4. X-variables loading plot of PLS-DA classifica-
tion model
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through year, and the feasibility of the technique 
suggest the chemometric treatment of FTIR spectra 
of citrus as a promising approach for citrus cultivar 
discrimination and identification.

CONCLUSIONS

The discrimination between three Moroccan cul-
tivars of citrus was performed by a chemometric 
modelling procedure using the FTIR data recorded 
by analysis of citrus juices. Each variety was identified 
on the basis of different spectral information spread 
along the selected spectral range of 1400–700 cm–1. 
ATR FTIR analysis proved to be rapid and simple, 
requiring no chemical pre-treatment of the samples. 
The application of the PLS-DA algorithm on the sam-
ples of a prediction set allowed a classification with 
an accuracy of 100%. This study demonstrates the 
great potential in the application of chemometric 
tools in infrared spectroscopy for the correct clas-
sification of food. 
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