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A B S T R A C T

The emerging non-thermal technique of ultra-high pressure (UHP) processing technology has seen significant 
advancements in food processing in recent years. The present study aimed to analyze the impact of UHP 
(100–300 MPa) processing on the color, microstructure, water distribution, and lipidomics variations of wet- 
processed Arabica coffee beans. The results indicated that the brightness and chromatic aberration of coffee 
beans were significantly altered by UHP processing, while other color parameters remained relatively unaffected. 
Scanning electron microscope examinations showed that UHP processing caused compression, compaction, and 
even collapse of the pore structure within coffee beans. Compared to wet-processed Arabica coffee beans, UHP 
processing promoted a more even water distribution and facilitated the conversion of bound and immobilized 
water into free water, with the maximum effect observed during UHP-200 treatment. Lipidomics analysis 
indicated that triacylglycerol (TAG, 24.75 %) and diacylglyceryl trimethylhomoserine (DGTS, 11.23 %). Notably, 
UHP-100, UHP-200, and UHP-300 samples exhibited 238, 191, and 788 differentially expressed lipids. The 
carbon chain length and degree of unsaturation of all differentially expressed lipids exhibited a pressure- 
dependent decrease with intricate interrelationships.

1. Introduction

Coffee is among the most widely consumed beverages globally, 
ranking second overall consumption (Yang et al., 2024). It holds sig-
nificant economic value, with an annual yield of around 160,000 tons, 
due to its distinctive flavor and potential human health benefits, such as 
enhancing immunity, providing antioxidants, exhibiting antitumor ef-
fects, and offering invigorating properties (Baskaran & Radhakrishnan, 
2024; Freitas et al., 2024). The quality of coffee is determined by its 
unique flavor and associated health benefits. The quality of coffee is 
influenced by several factors, including primary processing methods, 
roasting and grinding techniques, beverage preparation methods, con-
sumer preferences, and consumption habits (Freitas et al., 2024). The 
primary processing of post-harvest coffee cherries is a crucial step that 
significantly impacts the quality of coffee, serving as the initial measure 

to ensure its excellence (Hameed et al., 2018). Although established 
primary coffee processing methods such as wet processing, dry pro-
cessing, semi-dry processing, honey processing, and Monsoon process-
ing already exist (Haile & Kang, 2019; Yulianti et al., 2024), an array of 
emerging primary processing methods have been introduced to meet the 
increasingly diverse consumer demand. These methods include animal 
bio-digestive systems, carbonic maceration, anaerobic fermentation, 
and novel technologies for the secondary treatment of primarily pro-
cessed coffee beans (Febrianto & Zhu, 2023). These processing methods 
aim to alter the structure, composition, and presence of compounds 
within coffee beans to achieve the desired final quality.

Ultra-high pressure processing (UHP) is a novel non-thermal tech-
nology that uses water or oil to apply pressure, leading to alterations in 
the composition, structure, and water morphology of samples at ambient 
or lower temperatures to enhance quality (Ouyang et al., 2023; Xu et al., 
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Abstract21

Different primary processed Arabica coffee beans have similar chemical22

composition, but the characteristic flavor and the price are different, resulting in the23

fraud of cheap coffee beans as expensive ones are increasing. This study aims to24

integrate a colorimeter, low field-nuclear magnetic resonance (LF-NMR), scanning25

electron microscope (SEM), fourier transform infrared spectroscopy (FT-IR),26

two-dimensional correlation spectroscopy (2D-COS), multivariate statistical analysis,27

and machine learning (ML) to compare the differences and rapid discrimination for28

three different primary processed coffee beans. The resulted that SPB samples had the29

highest color difference value and the pore density and pore size. WPB retained the30

most bound and immobilized water in green and roast coffee beans. The results of31

FT-IR data analysis on pre-processed methods (Original data, SNV, and SNV+2nd)32

indicated that the functional group composition was similarity, but differences in33

structural characteristics were observed in 2D-COS. Multivariate statistical analysis34

showed that the OPLS-DA model could effectively distinguish the three groups of35

coffee bean samples, especially the SNV+2nd derivative pre-processed data. The36

results of the ML analysis indicated that six models were capable of rapidly37

recognizing various primary processed coffee bean samples, although there was38

variation in the recognition outcomes. Notably, the SNV-Voting model demonstrated39

superior predictive performance, achieving an average precision, recall, and F1-score40

of 88.67%, 88.67%, and 0.88 for three primary processing coffee beans.41
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