
Introduction

Energy drinks are among the more compositionally complex beverages on the consumer market, typically containing 
a mixture of sugars, additives   such as taurine, vitamins, herbal extracts, stimulants like caffeine, and a variety of 
acidulants, flavor compounds, and functional additives. Their wide chemical diversity creates significant analytical 
challenges in formulation development, quality control, and batch to batch consistency evaluation. Modern R&D 
workflows increasingly require techniques that can simultaneously identify and quantify a broad range of component 
classes with minimal sample preparation. Nuclear Magnetic Resonance (NMR) spectroscopy has emerged as a 
particularly powerful tool in this context due to its ability to characterize multi component mixtures non destructively 
and with high reproducibility while requiring only limited sample preparation.

In formulation studies, NMR enables comprehensive mixture profiling, including differentiation of constituents such 
as sugars, vitamins, organic acids, and botanical extracts. It provides molecular level information that supports 
optimization of ingredient ratios, assessment of stability, and benchmarking of new or reformulated energy drink 
variants. 

Quality control for batch release testing, batch-to-batch consistency checks, and regulatory compliance also benefit 
greatly from NMR based workflows. Manufacturers must ensure identity, purity, and composition, and NMR has been 
shown to detect adulterants, confirm label claims, and reliably analyse key constituents such as caffeine, taurine, 
vitamins, and sweeteners in both standard and “sugar free” formulations.[1]  

The complexity of energy drink compositions and the growing industry demand for fast, reliable, and comprehensive 
analytical methods call for modernized workflows able to automate data acquisition, processing, analysis, and reporting 
to address the aforementioned use-cases in formulation studies, as well as batch release and regulatory compliance 
analyses.

In this application note, we demonstrate how data acquired on a 400 MHz NMR system along with the workflow 
automation software Advanced Chemical Profiling 2.0 can address these tasks. We describe how spectra can be 
collected with minimal sample preparation and how key ingredients such as caffeine, sugars, sweeteners, and acids 
can be reliably analyzed. 
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Figure 1: The 1D 1H-NMR spectrum of one of the samples (Brand 2, Variety C) after Fourier transformation and automated processing, illustrating the 

multiple observable resonances of varying intensities. 

Experimental

All samples were prepared from energy drinks that are commercially available in the EU. To prepare the samples used 
in this study, 900 µL of degassed energy drink was mixed with 100 µL of phosphate buffer (pH 3.1). From this solution, 
600 µL was used for NMR analysis in standard NMR tubes.

Spectra were recorded using a 400 MHz NMR instrument equipped with a BBI probe. A solvent suppression protocol 
was applied, utilizing NOESY pre-saturation with gradient pulses (noesygppr1d). The acquisition parameters were set 
to 16 scans, 4 dummy scans, an acquisition time of 4 seconds with 65,536 data points, and a repetition delay of 4 
seconds. This setup yielded a total experimental time of 2 minutes and 43 seconds per sample, excluding temperature 
equilibration.  

All samples were acquired in automation, using the autosampler of the spectrometer and IconNMR acquisition 
software. 

In the following sections, we will describe the general concept of developing an automated analysis workflow using 
Advanced Chemical Profiling 2.0 and present examples of specific results obtained for:

		  a) sugars & sweeteners 
		  b) caffeine & selected functional additives  
		  c) flavoring agent solvents



Figure 2: Two examples of target set up in ACP (step 1 in the automated analysis workflow). (A) With the target defined as fructose, the target definition 
“Signal as Shape” is used due to the complexity of the signal, and (B) with the target defined as citric acid, using target definition “Signal as Peaks” due 
to the simple splitting pattern. Note in (B) each peak of the multiplet gets defined and tabulated individually in the Peaks table. 

Setting up an automated analysis workflow with Advanced Chemical Profiling 2.0
 
Generally speaking, the following steps are followed when developing a new analytical method with ACP 2.0:

1.		 Define models for each target 
	 •  Targets (signals of analytes) can be described as peaks (sum of singlets), shapes (particularly useful for 		
	     rather undefined signals) or by region integration 
	 •  If necessary, select the appropriate baseline handling option and select coherent fitting if overlapping targets   
      	    should be analyzed individually.

2.		 Define custom calculations 
	 • For example, if you are looking for the total sugar content or the ratio of individual analytes.

3.	 	 Define the quantification calibration 
	 • ACP 2.0 works with internal calibration and external calibration for absolute quantification, or without any      
   	    calibration if relative information is sufficient.

4.	 	 Check the performance from steps 1-3 and improve iteratively.

5.	 	 Define reporting options.

6.	 	 Bind the newly developed method to the acquisition parameters to enable on-the-fly analysis from sample to report 
without user intervention.

This general process was followed to define a) sugars & sweeteners (sucrose, glucose, fructose, and acesulfame), b) 
caffeine & selected functional additives (caffeine, lactic acid, sorbic acid, citric acid, taurine, and niacinamide), and c) 
flavoring agent solvents (1,2-propanediol and ethanol) in steps 1 & 2.
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Baseline handling and coherent fitting was implemented as required. In step 3, an external calibration    was set up. In 
step 5, the default template was selected, and in step 6, the newly developed method named “Energy Drinks” was 
bound to the acquisition parameters described in the Experimental section in TopSpin / IconNMR.

During the Calibration Setup, the external calibration (referred to as QuantRef-CRM) was established using three fully 
traceable certified reference materials (CRMs): fumaric acid, citric acid, and D-mannitol. For each of these calibrants, 
parameters such as signal area, number of nuclei, molar mass, concentration, and a correction factor (to account for 
conditions that may not be fully quantitative) were specified. These details are illustrated in Figure 3.   

To demonstrate the power and capability of ACP 2.0, the same spectrum as shown in Figure 1 is shown in Figure 4 
following successful analysis with ACP for select target compounds, as will be discussed in the following sections.

Figure 3: ACP user interface for the setup of the external calibration (step 3).



Figure 4: Representative 1H NMR spectrum acquired on a 400 MHz instrument for an energy drink (Brand 2, Variety C) in this work. ACP 2.0 can identify 
components such as niacinamide, caffeine, sucralose, citric acid, ethanol, and 1,2-propanediol, among others.

Sweeteners & Sugars

ACP 2.0 can identify the presence of sugars such as glucose, sucrose, and fructose, as well sweetening agents such 
as acesulfame. Acesulfame provides a sweet flavor and is found in most of the sugar free energy drinks. This correlates 
well with the data shown in Table 1. Two examples of the acesulfame peak near 2.1 ppm are shown in Figures 5B and 
5C for Brand 3, Varieties A and B, respectively. From the data shown in Figure 5A and Table 1, the acesulfame peak is 
not detected in Brand 2 Variety B, which is also the only drink shown to contain lactic acid, as detailed in the following 
section (Table 2). This indicates that Brand 2 Variety B uses another sweetener that is not included in the current method.

Energy Drink Acesulfame (mg/L) Sucrose (mg/L) Glucose (mg/L) Fructose (mg/L)

Brand 1, Variety A (Sugar free) 49 n/a n/a n/a

Brand 2, Variety A (Sugar free) 80 n/a n/a n/a

Brand 2, Variety B (Sugar free) n/a n/a n/a n/a

Brand 2, Variety C n/a 64782 29987 10234

Brand 2, Variety D (Sugar free) 123 n/a n/a n/a

Brand 2, Variety E n/a 70654 26180 6450

Brand 3, Variety A (Sugar free) 47 n/a n/a n/a

Brand 3, Variety B (Sugar free) 194 n/a n/a n/a

Brand 4, Variety A n/a 80130 3460 3287

Brand 4, Variety B (Sugar free) 180 n/a n/a n/a

Table 1: Acesulfame, sucrose, glucose, and fructose quantified in mg/L for ten different energy drinks as detected by ACP 
2.0 at 400 MHz. Entries denoted as n/a indicate levels were below the LOQ as defined by the method (in this case, 150 
mg/L for the sugars and 10 mg/L for acesulfame).
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Figure 5: Set of spectra analyzed with ACP 2.0 for three energy drinks (A, B, C), showing the region in which acesulfame, sorbic acid, and lactic acid appear 
(between 2.3 and 1.3 ppm). ACP 2.0 identifies and labels the spectrum according to the compounds found. The fit determined during the analysis is shown 
as a filled-in color, with the residual shown as a faint gray line beneath (A: Brand 2 Variety B, B: Brand 3 Sugar free Variety A, and C: Brand 3 Sugar free 
Variety B).

Figure 6: Excerpts from reports generated by ACP 2.0 for assessing whether a sample is sugar free for two energy drinks – one which is regular (A: Brand 
2, Variety C) and one which is sugar free (B: Brand 2, Sugar free Variety D). As expected, the regular sample fails both tests and the sugar free sample 
passes.

Along with quantifying targets, ACP 2.0 can also assign a pass or fail value if the result lies within a defined range or lies 
above or below a defined threshold. These results can then be easily conveyed in the final report, as shown in Figure 
6, which displays excerpts from two reports – one for a regular energy drink (i.e., one containing sugar) and the other 
for an energy drink labeled sugar free. Each sample was subjected to a pass/fail test for acesulfame above 10 mg/L and 
for total sugar content less than 200 mg/L. Because ACP 2.0 supports the definition of user-defined calculations using 
the output values determined for targets during quantification, total sugar content is defined as the sum of the values 
obtained for the sugars fructose, glucose, and sucrose. As expected, and as shown in Figure 6, the regular sample fails 
these tests whereas the sugar free sample passes these tests.   Additionally, the report excerpt for the regular sample 
(Figure 6A) includes the quantities of the individual sugars fructose, glucose, and sucrose, whereas for the sugar free 
sample (Figure 6B), it indicates the levels were below the defined LOQ of 150 mg/L for this method.

Caffeine & Selected Functional Additives

Caffeine and niacinamide exhibit unique NMR signals between 8 and 9 ppm in these energy drinks, as shown in Figure 
4. The caffeine signal in this case is a singlet, whereas the niacinamide peak exhibits splitting. In either case, ACP 2.0 can 
identify these peaks and quantify the components, providing concentrations in line with expectations as listed on the 
beverage label. The concentrations of caffeine, niacinamide, and other select compounds as determined by ACP 2.0 for 
the energy drinks studied here are reported in Table 2.



Energy Drink
Caffeine 
(mg/L)   

Citric Acid 
(mg/L)

Lactic Acid 
(mg/L)

Sorbic Acid 
(mg/L)

Taurine (
mg/L)

Niacinamide 
(mg/L)

Brand 1, Variety A (Sugar free) 266 6909 n/a n/a 3317 97

Brand 2, Variety A (Sugar free) 280 7727 n/a n/a 3993 82

Brand 2, Variety B (Sugar free) 272 2524 1757 n/a 3876 66

Brand 2, Variety C 297 5093 n/a n/a 4155 77

Brand 2, Variety D (Sugar free) 227 6416 n/a n/a 3887 74

Brand 2, Variety E 291 7161 n/a n/a 4183 88

Brand 3, Variety A (Sugar free) 244 6579 n/a 217 3536 84

Brand 3, Variety B (Sugar free) 248 6581 n/a 226 3646 90

Brand 4, Variety A 267 8269 n/a n/a 3475 79

Brand 4, Variety B (Sugar free) 247 8327 n/a n/a 3459 68

Table 2: Caffeine, citric acid, lactic acid, sorbic acid, as well as taurine and niacinamide content in mg/L in the ten different energy drinks studied here as 
determined by ACP 2.0 at 400 MHz. Entries reported as n/a indicate the level detected was below the LOQ defined for the method (in this case, 10 mg/L). 

As shown in Table 2, ACP 2.0 can quantify ingredients that are unique to one or a few different energy drinks. Of the 
energy drinks studied, only Brand 2, Variety B contains lactic acid. This is clear from the presence of the green highlight-
ed peaks near 2.1 ppm in Figure 5A, and the concentration as determined by ACP 2.0 is tabulated in Table 1. Additionally, 
the only energy drinks shown to contain Sorbic Acid in this study are the energy drinks from Brand 3, Varieties A and B, 
with the corresponding 1H NMR peak highlighted in green in Figures 5B and 5C. This demonstrates the ability of NMR 
and ACP 2.0 to    quantify individual components that are unique to different formulations.  Likewise, Citric Acid, an acid-
ulant found in all energy drinks studied here,  can be identified by a distinct signal near 2.9 ppm.

Certain components may have overlapping NMR signals, which can complicate manual analysis or interpretation of the 
spectra. The powerful fitting algorithms of ACP 2.0 can be used to reliably quantify the individual components of such 
overlapping signals, as shown in Figure 7. In this case, the signal of interest for taurine overlaps with glucose and carni-
tine   signals. Allowing the fitting algorithm to consider all these peaks and their different shapes and contributions to the 
overlapping multiplet allows for quantification of the taurine signal, as tabulated in Table 2. 

Taurine

Carnitine

A BCoherence
Coherence

Taurine
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Figure 7: Example spectra showing the coherence fitting routine of ACP 2.0 to quantify taurine, shown with corresponding fit in black, with carnitine (dark 
green) and glucose (yellow), and the coherence sum (light green) (A: Brand 1, Variety A (sugar free), and B: Brand 2, Variety C).



Flavor Agent Solvents

Other compounds, such as 1,2-propanediol and ethanol, which serve as solvents for flavoring agents of the drinks [2,3], 
can also be observed in the NMR spectra of energy drinks. As shown in Figure 4, these compounds can be readily de-
tected at 400 MHz and quantified, as tabulated in Table 3.

Energy Drink 1,2-propanediol (mg/L) Ethanol (mg/L)

Brand 1, Variety A (Sugar free) 1052 59

Brand 2, Variety A (Sugar free) 711 374

Brand 2, Variety B (Sugar free) 681 408

Brand 2, Variety C 565 n/a

Brand 2, Variety D (Sugar free) n/a 474

Brand 2, Variety E 670 360

Brand 3, Variety A (Sugar free) n/a 947

Brand 3, Variety B (Sugar free) 374 39

Brand 4, Variety A 72 n/a

Brand 4, Variety B (Sugar free) 71 n/a

Table 3: Quantification of flavor agent solvents by ACP 2.0 in the energy drinks studied 
here. Entries labelled n/a indicate the level detected was below the LOQ defined for the 
method (in this case, 20 mg/L). 

Running the method on-the-fly in full automation

All of the aforementioned tasks of formulation studies, batch-to-batch consistency checks, or quality control tasks are 
not one-time analyses but rather analytical questions that come up with a high frequency. Automating these processes 
increases throughput, enhances efficiency, reduces cost, and removes the operator’s fingerprint allowing for globally 
harmonized analytical methods.

As described before, the method developed in ACP 2.0 can be readily linked to the acquisition parameters in software 
such as IconNMR or GoScan which allows for fully automated data acquisition, processing, and interpretation without 
any necessary intervention from the user, and no NMR expertise required. The sample can be directly submitted to the 
autosampler or into the instrument, and both measurement and automated analysis can be started using the ACP 2.0 
method created. 

Automated Workflow

Acquisition
Sample 

submission Analysis

Advanced Chemical
Profiling 2.0

Method Setup

Reports

1×

NMR expertise required

Executable by non-experts

Background operations (hands-off)

Hands-Off Operation
 Sample Automation
 Data Acquisition
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 Report Filing
 Result Submission

Figure 8: Schematic workflow enabled by ACP 2.0. Once set up, an NMR method can be performed under full automation 
by routine users. Following sample submission, all acquisition, processing and analysis steps are performed in the 
background and end up with the generation of a report containing the method results. 



Conclusion

This application note demonstrates that standard high-resolution NMR combined with Advanced Chemical Profiling 2.0 
enables robust and fully automated analysis of complex energy drink formulations from sample to report. Key constitu-
ents such as sugars, sweeteners, caffeine and other additives as well as flavoring agent solvents can be reliably identi-
fied and quantified with minimal sample preparation and no NMR expertise to execute the analysis after initial method 
setup. The automated workflow supports formulation development, batch to batch consistency checks, and routine 
quality control with high throughput and reproducibility.

While the data shown herein was collected on a 400 MHz spectrometer, many of the constituents can also be analyzed 
by benchtop NMR spectroscopy. The lower field poses additional challenges resulting from the lower resolution mate-
rializing in broader signals and an increased degree of overlap; however, with ACP 2.0 many of these physically driven 
limitations can be overcome by the high-performance fitting algorithms. 

It is applicable to both low field and high field spectra!

Without any additional steps required, the results report (Figure 9) is automatically generated, allowing for fast and time-
ly decision-making during quality control. The interpretation of the report does not require any NMR expertise, and the 
experiment can be readily run in non-expert environments. 

Additionally, as the software can automatically generate a machine-readable output file, results can be introduced to 
LIMS systems. Importantly, ACP 2.0 allows you to define certain custom spectral quality requirements to be tested on-
the-fly. This possibility provides peace of mind when running analyses autonomously as outliers can be easily detected. 

Figure 9: Customized report for sample Brand 1, Variety A (sugar-free) providing quantification results and QC-relevant 
decision parameters.

Intrigued? Try the software for yourself by downloading Advanced Chemical Profiling 2.0 
from www.bruker.com/ACP and ask us for a free-of-charge demo license.

http://www.bruker.com/ACP
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Figure 2 The power of NMR in narcotics analysis
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