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Abstract 
The caffeine content of coffee beverages and coffee grounds was determined using the CEM EDGE 
Automated Extraction System and the Lucidity miniLC. A calibration curve was used to determine the 
caffeine content in samples. When comparing the caffeine content to one another, decaffeinated, half 
caffeinated, and caffeinated coffee grounds had expected values for caffeine. Individually-sold coffee 
drinks had actual caffeine contents that ranged from slightly lower to nearly half of the reported values.  

 

Introduction 
The coffee industry is one of the largest commercial sectors across global economies partly because of 
the popularity of the drink, the many forms of coffee, and the uplifting effect of one of the main 
components of coffee, caffeine, on the human body. Caffeine is a methylxanthine alkaloid found in 
coffee that acts as a stimulant when consumed by humans. Many coffee products are now regularly 
available, ranging from whole to ground beans in a variety of roasts, as well as pre-fabricated 
beverages in an assortment of flavors. Caffeine content varies from item to item, with some coffee 
items marketed as decaffeinated, while others labeling themselves on being some of the strongest 
available. There is a vast spectrum of prepackaged coffee beverages with differing amounts of caffeine, 
depending on the preparation.  

In this study, we assessed the accuracy of the labelling of caffeine content in coffee beverages and 
determined if the caffeine content decaffeinated or half-caffeinated coffee grounds were any different 
than those of full caffeinated beans. The EDGE, an automated solvent extraction system, was used to 
extract caffeine from coffee grounds. These extracts, as well as diluted coffee beverages, were then 
injected on the Lucidity miniLC to determine their caffeine content via UV analysis.  

 

Materials and Methods 
Reagents 
HPLC-grade methanol and HPLC-grade water were purchased from Sigma Aldrich. A caffeine standard 
(P/N S-705) was purchased from SPEX and used to create the calibration curve for the analysis of 
caffeine in the samples. Deionized water was sourced from in-house DI water and used for the 
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extraction and wash solvent on the EDGE. Full caffeine, half-caffeinated, and decaffeinated coffee 
grounds as well as cold brew coffee and nitro cold brew coffee were purchased from the grocery store. 

Sample Preparation 
A 3 g portion of each coffee sample was weighed into an assembled Q-Cup containing a S1 Q-Disc® 
stack (C9+G1+C9 sandwich). The prepared Q-Cups were placed in the EDGE removable rack, along 
with 40 mL glass collection vials. The rack was slid into position on the EDGE. The CEM-approved 
EDGE method for caffeine was run. The extracts were transferred into vials for analysis. 

EDGE Method for Caffeine 
Q-Disc: S1 Q-Disc stack (C9+G1+C9 sandwich) 
 
Cycle 1 
Extraction Solvent: Water 
Top Add: 20 mL 
Bottom Add: 0 mL 
Rinse:0 mL 
Temperature: 120 ºC 
Hold Time: 1:00  
 
Wash 1 
Wash Solvent: Methanol 
Wash Volume: 20 mL 
Temperature: 100 ºC 
Hold Time: 0:15 
 
Wash 2 
Wash Solvent: Water 
Wash Volume: 10 mL 
Temperature: --- 
Hold Time: 0:00 
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Analysis 
HPLC Method 

Parameter Value 

Solvents A) Water 

B) Methanol 

Column Restek Raptor ARC-18 (2.7 µm, 100 x 4.6 mm)  

Flow Rate 1.25 mL/min 

Elution Conditions Isocratic, 25% methanol in water 

Stop Time 9 minutes 

Injection volume 25 µL 

Needle wash Methanol  

Column temperature  25  ֯C 

Detection  272 nm  

Each of the coffee extracts and coffee beverages were diluted tenfold in HPLC-grade water prior to 
injection on the miniLC.  

 

Results 
The EDGE successfully extracted caffeine from coffee grounds in under 10 minutes, including filtration, 
cooling, and system washing.  The recovery data in Table 1 shows the comparison of the three coffee 
varieties: regular, half caffeinated, and decaffeinated coffee grounds as well as the store-bought cold 
brew and nitro cold brew. 

 

Table 1. Values for caffeine content. 

Sample Concentration (µg/mL) Labeled caffeine 
(µg/mL) 

% Recovery 

Fully caffeinated coffee 
grounds 

658.61 N/A N/A 

Half caffeinated coffee ground 333.41 N/A N/A 

Decaffeinated coffee grounds 45.38 N/A N/A 

Cold brew coffee 276.49 423.73 65.25% 

Nitro cold brew coffee 720.16 869.57 82.82% 
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Figure 1. The calibration curve for caffeine. The 
curve was constructed from 5 points with 
concentrations of 25, 50, 75, 100, and 200 µg/mL. 

 
Figure 2. The chromatogram of the fully caffeinated coffee grounds extract. 
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Figure 3. The chromatogram of the half caffeinated coffee grounds extract. 

 

Figure 4. The chromatogram of the decaffeinated coffee grounds. 
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Figure 5. The chromatogram of the cold brew coffee. 

 

Figure 6.  The chromatogram of the nitro cold brew coffee. 

 

Conclusion 
The EDGE was able to quickly and efficiently extract caffeine from the three coffee ground varieties that 
were analyzed, and all samples were analyzed on the Lucidity miniLC. The caffeine content of the three 
coffee grounds lines up with expected and reported caffeine amounts, with the half-caffeinated having 
approximately half the caffeine content of the fully caffeinated coffee and the decaffeinated having 
nearly no caffeine. The premade coffee beverages had differing values of caffeine from their labeled 
content; both the cold brew coffee and the nitro cold brew coffee had less caffeine content than their 
labeled value, with the cold brew having nearly half the reported amount.  
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