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(Dissertation Summary) 
 
Coffee has attracted consumers worldwide for its unique sensorial properties. The 

unique flavor of coffee is affected by numerous factors. The biochemical properties 
associated with geographical features are one of the essential aspects that may modulate 
distinct sensorial profiles of coffee. Among the factors influencing the hedonic preference of 
coffee consumers, aroma and mouthfeel are by far the most important. The aroma is 
associated with volatile compounds, while the mouthfeel is generally based on lipid 
components. 

Lipids are biochemical compounds that are substantially present in coffee beans. 
However, lipids in coffee have not been comprehensively studied thus far and have not been 
used to differentiate the geographical origin of coffee. Indonesian coffee offers unique flavor 
characters, and its value in international trade is increasing. Nonetheless, the biochemical 
compounds data on Indonesian coffee has not been established, not to mention the lipid 
profile itself. This study aimed to investigate the applicability of lipid profiling for use in 
coffee origin authentication of Indonesian coffee. Based on the literature, this is the first 
study on comprehensive lipid profiling of superior coffee produced in various regions of 
Indonesia.  

 In this study, coffees produced in six different provinces of Indonesia, from different 
harvest years and different regions were obtained and grouped into training and validation 
sets for the creation of a region-discriminating model. The green coffee beans from six 
locations were roasted separately at the same temperature and time to obtain medium 
roasted beans. The roasted beans were individually ground and lipids were extracted using 
methyl tert-butyl ether (MTBE). Lipid extracts from roasted coffee were subjected to high-
performance liquid chromatography coupled with triple-quadrupole mass spectrometry 
(LC–MS/MS). The lipid compounds were separated in a C-18 reversed-phase 
chromatographic column. Mass spectrometry separation was performed based on the 
multiple reaction monitoring (MRM) targeting 953 lipid features. This study used a 
different sample set to build up the discriminant model based on their lipidomic profile, 
followed by validation analysis. The obtained data were analyzed using the multivariate 



approach, including partial least-squares discriminant analysis (PLS-DA), principal 
component analysis (PCA), and clustering analysis.  

The LC–MS/MS analysis tentatively identified 85 lipid species from five global lipid 
classes, such as neutral lipids, sphingolipids, sterol, glycerophospholipids, and 
glyceroglycolipids. The PLS-DA model exhibited an accuracy of 90%–100% in 
discriminating the origins of coffee based on receiver operating characteristics–area under 
the curve analysis. The selection of important lipid features for each coffee origin was 
determined based on the Variable Importance in Projection (VIP) score > 0.9 and p-value < 
0.05 based on the PLS-DA model. Based on this benchmark, 38 lipid species were assigned 
as the discriminant features of the six coffee origins. Overall, the discriminant analysis 
showed promising results for separating the coffee origins using the lipid profiles.  

Furthermore, the validation sample set was extracted separately and subjected to 
lipidomic analysis using the LC–MS/MS employing MRM mode to confirm the 
discrimination capacity of the important features. The obtained dataset was then subjected 
to an unsupervised data exploration using PCA to observe the natural classification of the 
samples. A heatmap was visualized to illustrate the similarities between samples using a 
tree-structured cluster. The results showed that both PCA pattern and heatmap 
demonstrate natural discrimination of coffee samples based on their origins. 

Conclusively, the results of this research provide solid evidence for the applicability 
of lipidomics profiling using LC-MS/MS for the origin discrimination of coffee. Moreover, 
this study might benefit the coffee industry by establishing an advanced method for 
determining the origin of coffee. 
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