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  Diterpenes are the main components of the unsaponifiable 
fraction in coffee oil which mainly exist (98 %) as esterified with 
different fatty acids especially acid palmitic. Analysis with the 
aid of HPLC-DAD resulted in co-elution of some of these 
compounds so in the present study new approach based on 

spectral deconvolution was developed for separation and 
quantification of the main diterpene esters in coffee brews. 

 
Separation science is the art of unravelling a 

complex mixture into its individual constituents 

with the aim of detecting and/or quantifying key 
chemicals. Ideally, after being submitted to a 
separative transport, all components initially 
present in the sample should be displayed as peaks 
in the chromatogram. The positions of the peak 
allow for identification and the areas for 
quantification. In practice, especially when 
working with complex matrices, co-elution often 

occurs; two or more analytes are only partially 
separated and appear into a single shape. In this 
case, quantitative analysis is unreliable, and if 
accuracy is required, the separation should be 
improved. In this respect, the choice of the 
detector is particular important. The detector 
should not only provide a response proportional to 
the analytes’ concentration but can also be 
selective, meaning that the detector´s response can 

be null for some of the compounds allowing to 
“hide” interfering species. Fluorescence detector is 
the best example of a highly selective and 
sensitive detector. 

The development of hyphenated techniques (the 
coupling of a separation technique with a 
spectrometric instrument e.g. mass spectrometry, 
UV-vis spectrometry…) revolutionized the field. 

Initially used to identify the different peaks, 
hyphenated detectors are now often used as multi-
channels detectors, each channel giving a response 
with different selectivities and sensitivities. Thus, 
by selecting the channel, peak area can be 
maximized and/or co-migration can be minimized, 
allowing for better quantitative and qualitative 
without lengthy method optimization or sample 

pre-treatment. This is especially true with mass 

spectrometry (MS) because of its high mass 
resolution and discrete spectra. MS used as a 

hyphenated detector was key for very important 
discoveries in areas as diverse as proteomic and 
metabolomic analysis, pollution control, food 
analysis, biomarkers discovery or forensic. 
However those instruments are expensive to buy 
and run and are not always available. The 
quantification using MS detectors can also suffer 
from a low precision. 

Diode array detection (DAD), on the other hand, 
is a cheaper detector which allows recording the 
absorption spectra (usually from 190 up to 600 
nm) of the flow passing through the detection cell. 
Because UV absorption spectra are continuous, co-
migration can often be observed in all channels. 
However, the use of mathematic model can allow 
to deconvolute the signal and obtain the traces 
corresponding to the transport of the pure 

compounds. Those approaches are part of the field 
of chemometrics and are sometime called 
chromatometric.  

In chromatometric, the first stage consist of 
arranging the experimental data in two-
dimentional matrix (two-ways matrix) in such a 
way that a column of this matrix is the spectra 
obtained at a given time and a line the 

chromatogram obtained at a particular channel. 
With DAD the software can usually create and 
export this matrix for a particular experiment. This 
matrix is then expressed as a sum of two 
dimensional array corresponding to each 
compound present that will be detected. Each of 
those arrays can be further expressed as the 
product of two mono dimensional array, the 

concentration profile that is the variation of 
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concentration as observed by the detector 
(Gaussian like profile for the analyte, constant for 
background species) and the spectra. 

Mathematically this can be expressed as [1] 
 

𝐗 = 𝐂𝐒T + 𝐄 =  ∑ C𝑁S𝑁 + 𝐄 = ∑ 𝑎𝑁C̅𝑁S̅𝑁 + 𝐄

𝑵𝑵

 

              (1) 
 

Where X(IxJ) is the raw experimental data 

matrix,  C(IxN) is the matrix of concentration 

profiles of the N compounds that are present,  S 

(IxN) is the spectra of each of those N compounds 

and E(IxJ)  represents the errors of the model. CN 

and C̅𝑁 are the concentration profile and 
normalised concentration profile with the general 

form (

𝑐1𝑁

…
𝑐𝐼𝑁

) of the component N, SN and S̅𝑁 are the 

spectra and normalised spectra of the general 
form(𝑠1𝑁 … 𝑠𝐽𝑁) and 𝑎𝑁 are the concentration 

of each component. Aim of chromatometric tool is 
to solve eq.1 and obtain the concentration of each 

component. 
The easiest way to solve such equations is first 

to obtained the normalised spectra of all 
component. This can be done by injecting 
standards or using peak fitting approaches [2].  In 
this case, at each time increment, t, eq.1 can be 
written as 

 

(

𝑥1𝑡

…
𝑥𝐼𝑡

) = 𝑎0 + 𝑎1 (

𝑠11

…
𝑠𝐼1

) + 𝑎2 (

𝑠12

…
𝑠𝐼2

) + ⋯ +

                     𝑎𝑁 (

𝑠1𝑁

…
𝑠𝐼𝑁

) + 𝜀   (2) 

 
In this case, the a parameters can be easily 

obtained using multi-linear regression approaches. 
Such approach, called spectral deconvolution, is 
often used with one-way data obtained using UV-
vis spectrometers [3]. The variation of the a 
parameters as a function of time are the 
deconvoluted chromatograms that can be used as 
classical chromatogram however without coelution 

problems. The same approach could be designed 
using standard to obtained normalised 
concentration profile. In this case equation 2 could 
be obtained at each wavelength rather than each 
time. However, while, as long as the detector is 
within its linear range, the normalised spectra 
could be used for an all set of experiments, 
standardised concentration profile have a higher 

variation from run to run.  
Other approaches have been proposed to find 

approximate solutions of eq.1 without any 

previous knowledge. For example independent 
component analysis (ICA) [4] test different 
spectral matrix extrapolated from the data to find 

the best solution. In PARAFAC approaches [5] a 
three-way dataset is first generated by using 
multiple experiments. Those approach are very 
promising as the spectra are automatically 
obtained from the data however in our experience 
the different spectra/traces are also noisier. Those 
approaches will be evaluated in further works. 

This work originated from the necessity to 

separate and analyse diterpene esters from coffee 
brew using HPLC-DAD instruments. However 
despite numerous optimizations we are unable to 
baseline separate a group of four diterpene esters 
(cafestol palmitate, kahweol palmitate, cafestol 
oleate and kahweol oleate) between 18 and 22 
min. The best chromatogram can be seen in Figure 
1. It was obtained using Purospher® STAR 

LiChroCART® RP-18 end-capped (250 x 4 mm, 5 
μm) column with UV/vis spectrophotometry diode 
array detector. The chromatographic condition was 
the mobile phase of acetonitrile / isopropanol (70 
% / 30 %, v/v) with an isocratic flow rate of 0.4 
mL/min during 25 min. 

 

 
Figure 1. Chromatogram obtained between 17 and 23 

mins for four diterpene esters which are as follow: Peak 

1: kahweol oleate; peak 2: cafestol oleate; peak 3, 

kahweol palmitate; peak 4: cafestol palmitate. 

 
One of the requirement for this study was to 

obtained robust, accurate and precise analysis of 
those four compounds and we aimed to compare 
the analytical parformances obtained using a 
classical approach with the one obtained after 
spectral deconvolution of the signal. To obtained 

good model spectra, each diterpene ester standard 
was run separately using the same conditions as 
precedently. Those are displayed in Figure 2. 

 

 
Figure 2. UV-vis spectra of the four diterpene esters. 
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 As it can be observed 2 spectra are highly 

correlated with the two others, thus only two 

spectra were used for the model, spectra 1 and 
spectra 2. An additional spectra was used that 
correspond to the background absorption (measure 
at 22 min). The deconvolved signals of a text 
mixture can be observed in Figure 3. As it can be 
observed, very good signals were obtained. 

 

 
Figure 3. A: full signal, B: deconvolute signal 1, C: 

deconvolute signal 2. 

 

To evaluate the goodness of the deconvolution 
approach calibration curves were constructed 
using mixture of standard whose concentration 
ranged from 2 to 200 mg/L. Results for kahweol 
palmitate and cafestol palmitate are given in Table 

1 along the results obtained using a classical 
approach with the wavelength set at 300 ± 2 nm. 
At this wavelength the contribution from the other 

diterpene esters are minimal.  
 

Table 1. Correlation coefficients of the calibration curve 

(y = ax + b).  

 a b r2 LOQ 

Kahweol oleatea 
1200 ± 

1400 

1934 ± 

15 
0.9991 5.2 

Kahweol palmitatea 
3200 ± 

2700 

4664± 

20 
0.9997 3.4 

Kahweol oleateb 
-0.0006 ± 

0.001 

0.00527 ± 

0.00001 
0.9999 2.4 

Kahweol palmitateb 
0.039 ± 

0.016 

0.0050 ± 

0.0001 
0.9916 4.5 

a Measured classically at 300 ± 2 nm 
b Measured using a deconvolute signal 

  
Results clearly show that only deconvolution 

approach allows to efficiently deal with co-elution 
but results are equivalent to more classical 
approach. 
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