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ABSTRACT  
 

Consumption of a wide variety of beverages has increased considerably in modern diets. These products 
frequently contain additives such as artificial sweeteners, preservatives, and caffeine to enhance flavor, stability, 
and functional properties. However, due to the potential adverse health effects associated with excessive intake of 
these compounds, the development of reliable analytical methods for their determination is of considerable 
importance. Therefore, the aim of this study was to develop and validate a rapid reversed-phase high performance 
liquid chromatography (RP-HPLC) method coupled with ultraviolet diode-array detection (UV-DAD) for the 
simultaneous determination of acesulfame K, sodium saccharin, caffeine, aspartame, sodium benzoate, and 
potassium sorbate in non-alcoholic beverages. 

Optimal chromatographic separation was achieved on a Poroshell 120 EC-C18 column using isocratic 
elution with a mobile phase consisting of methanol and phosphoric acid solution (pH = 3.8) in a volume ratio of 
20:80, at a flow rate of 1.0 mL/min and a constant column temperature of 25 °C. Detection was performed at 195, 
230, 260, and 275 nm. Under the optimized chromatographic conditions, the run time was less than 4.5 minutes. 
The validated method demonstrated excellent linearity (R2 > 0.999), satisfactory intra-day and inter-day precision 
(RSD = 0.02 – 2.94 %), and good accuracy, with recoveries ranging from 91.11 to 108.99 %. The developed 
method was successfully applied for the simultaneous determination of the target analytes in commercially 
available non-alcoholic beverages. Compared with previously reported methods, the proposed method provides 
shorter analysis time and simple sample preparation, making it suitable for routine quality control analysis. 

 
Keywords: artificial sweeteners, caffeine, preservatives, non-alchoholic beverages, RP-HPLC method 
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1. INTRODUCTION 

 

The use of additives in food and beverages dates back to the earliest civilizations, where natural 
substances such as salt, honey, vinegar, and spices were commonly used to extend shelf life and enhance flavor 
[1]. Today, with the advancement of the modern food industry, synthetic additives are increasingly used. They are 
chemical substances that are added to food products and help to extend the shelf life, as well as to improve or 
maintain the microbial and chemical stability, nutritional quality, sensory characteristics, and the quality and safety 
of food products [2]. 

Non-alcoholic beverages represent a widely consumed group of products, including carbonated, fruit-
based, functional, and energy drinks. Food additives play a crucial role in ensuring microbiological stability, safety, 
and acceptable sensory quality of these beverages. Their use is strictly regulated and based on scientifically 
established risk and safety assessments to protect consumer health. 

Among the most commonly used additives in non-alcoholic beverages are preservatives and artificial 
sweeteners. 

Preservatives are added to beverages to improve stability and extend shelf life. They effectively inhibit 
microbial growth while maintaining the organoleptic characteristics of the product. Their use not only ensures 
improved beverage safety, but also mitigates quality deterioration resulting from microbiological, enzymatic, and 
physicochemical processes [3]. 
 Among others, sodium benzoate (SB) and potassium sorbate (PS) are some of the most frequently used 
preservatives in beverages (Fig. 1).  
 SB (E211) is a sodium salt of benzoic acid and is commonly used antimicrobial preservative in acidic 
beverages, including carbonated soft drinks and fruit-based beverages. Its antimicrobial efficacy is strongly pH-
dependent, as the undissociated form of benzoic acid predominates at pH values below 4.5 and inhibits the growth 
of yeasts, molds, and some bacteria by disrupting intracellular metabolic activity [4]. Due to its high water 
solubility, stability, and effectiveness at low concentrations, sodium benzoate is widely applied within regulatory 
limits established by international food safety authorities [5].  

PS (E202) is the potassium salt of sorbic acid and, like SB, is widely used as an antimicrobial preservative 
in beverages to inhibit the growth of yeasts, molds, and certain bacteria, thereby extending product shelf-life and 
maintaining microbiological safety. Owing to its high water solubility and sensory neutrality, it is well suited for 
liquid formulations such as fruit juices, soft drinks, and flavored beverages. The antimicrobial efficacy of PS 
derives from the dissociation to sorbic acid in aqueous environments. The undissociated sorbic acid can penetrate 
microbial cell membranes, disrupting metabolic processes and inhibiting cell growth. Its activity is pH-dependent, 
with optimal effectiveness in acidic conditions typically found in beverages (pH ~ 3.0 – 6.5). This makes it well-
suited for fruit juices and soft drinks, where pH is maintained below ~ 4.5 for stability and safety [6, 7]. 

Although SB and PS are classified as “Generally Recognized as Safe” (GRAS), several studies have 
raised concerns regarding their potential adverse health effects, particularly with long-term exposure [8]. 

For example, combining ascorbic acid with SB in beverages could lead to the formation of benzene, 
especially when the drinks are stored at higher temperatures for longer periods of time. Benzene is a chemical 
classified by the International Agency for Research on Cancer (IARC) as carcinogenic to humans (Group 1) [5, 
9]. SB has also been associated with urticaria, asthma, dermatitis, life-threatening reactions, abdominal pain, 
vomiting, eye irritations, hyperactivity in children, and other behavioral disorders [10, 11]. 

Research studies have demonstrated that potassium sorbate may induce oxidative stress, chromosomal 
damage, and genotoxic effects [12], as well as reduced lifespan, impaired fertility, and increased cellular apoptosis 
[13]. Furthermore, alterations in liver inflammatory responses and changes in gut microbiota composition have 
been reported [14]. In addition, potassium sorbate has been associated with hypersensitivity reactions, including 
oral, ocular, and cutaneous itching, nasal congestion, rhinorrhea, and gastrointestinal discomfort [11].  

The preference for sweetness is biologically innate; however, high intake of added sugars has been linked 
to increased energy consumption and poor dietary quality, contributing to obesity, type 2 diabetes, and 
cardiovascular disease. Artificial sweeteners, аlso referred to as intense sweeteners or synthetic sugar substitutes, 
provide sweetness with little or no caloric contribution and are widely used in beverage formulations to reduce 
sugar content while maintaining sensory acceptability. Their use supports public health strategies aimed at 
lowering the consumption of high-calorie foods and reducing the risk of obesity, type 2 diabetes, and dental caries 
[15, 16]. 

Among the most commonly used artificial sweeteners in beverages are acesulfame potassium (acesulfame 
K, ACK), sodium saccharin (SS), and aspartame (ASP), (Fig. 1). 

ACK (E950) is a high-intensity sweetener, approximately 180 – 200 times sweeter than sucrose. It is 
characterized by a clean sweet taste and a slight sweet aftertaste, along with excellent thermal and pH stability, 
which makes it suitable for use in carbonated and shelf-stable beverages. ACK is frequently blended with other 
sweeteners, such as saccharin and aspartame, to mask bitterness and achieve synergistic enhancement of sweetness 
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[17, 18]. However, the use of ACK should be approached with caution, as some studies have suggested potential 
adverse health effects under certain conditions or at high exposure levels. Reported effects include neurological 
symptoms, gastrointestinal disturbances, and indications of hepatic and renal stress [15]. 

 

 
 

Fig. 1 Structural formulas and overlayed UV spectra of acesulfame K (ACK), sodium saccharin (SS), caffeine 
(CAF), aspartame (ASP), sodium benzoate (SB), and potassium sorbate (PS) in the standard solution and the 

sample, with the mobile phase methanol and phosphoric acid (pH = 3.8), (20/80, V/V) 
 
SS (E954) is one of the earliest artificial sweeteners, exhibiting high sweetening potency (approximately 

300 – 500 times sweeter than sucrose), high water solubility, and excellent stability across a wide pH range and 
during heat treatment. Its characteristic bitter or metallic aftertaste can be mitigated by blending it with other 
sweeteners and therefore, it is commonly used in combination with ACK and ASP in food products [18]. As a 
low-calorie sugar substitute, SS is widely applied in sugar-free formulations. However, concerns have been raised 
regarding its potential effects on glucose metabolism and gut microbiota, particularly with regular consumption 
[19]. 

ASP (E951) is approximately 200 times sweeter than sucrose and provides a clean sweet taste with a 
prolonged aftertaste. It is frequently used in combination with other sweeteners, such as SS and ACK. ASP is 
readily soluble in water and exhibits optimal stability within a pH range of 3.0 – 4.3. However, its limited stability 
at elevated temperatures and during prolonged storage restricts its application primarily to non-heat-treated 
beverages [18]. ASP is a low-calorie artificial sweetener widely used due to its favorable sensory profile and 
absence of a bitter aftertaste. In July 2023, a joint evaluation by the World Health Organization (WHO), the 
International Agency for Research on Cancer (IARC), and the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) classified aspartame as possibly carcinogenic to humans (Group 2B), while reaffirming that 
intake within the established acceptable daily intake (ADI) remains safe [20]. This classification has attracted 
significant attention from both consumers and beverage manufacturers, particularly given the widespread use of 
aspartame in artificially sweetened beverages, which constitute a substantial segment of the global beverage 
market [21]. 

In addition to artificial sweeteners and preservatives, caffeine is a common additive in an increasing 
number of beverages and energy drinks. 

Caffeine is a naturally occurring methylxanthine alkaloid and one of the most widely consumed 
psychoactive substances worldwide. It is commonly found in coffee, cocoa, soft drinks, and energy drinks and acts 
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as a stimulant of the central nervous system [22]. Caffeine intake has been associated with increased arousal and 
alertness, improved cognitive performance, enhanced perceived energy, reduced perception of fatigue, and positive 
effects on mood [23]. However, excessive caffeine intake, particularly from beverages such as energy drinks, has 
been associated with adverse effects including tachycardia, nausea and vomiting, cardiac arrhythmias, seizures, 
and, in rare cases, fatal outcomes. Additional reported effects include increases in blood pressure, anxiety and 
other psychiatric symptoms, and an increased risk of dependence in susceptible individuals [24]. The physiological 
effects of caffeine are strongly influenced by dose, age, sex, duration of exposure, and individual sensitivity. 
Caffeine and energy drinks are generally not recommended for children and adolescents [25].  

The use of food additives in non-alcoholic beverages is regulated to ensure consumer safety, despite many 
of these substances being classified as Generally Recognized as Safe (GRAS) by regulatory authorities. Within 
the European Union, Regulation (EC) No 1333/2008 [26] establishes harmonized rules for the authorization and 
conditions of use of food additives, based on scientific risk assessments conducted by the European Food Safety 
Authority (EFSA). Although preservatives, artificial sweeteners, and caffeine are widely used and technologically 
justified, scientific evidence has demonstrated that excessive or long-term exposure to some of these compounds 
may be associated with adverse health effects [5, 7, 22, 27 – 29]. Therefore, both health-based guidance values, 
such as the Acceptable Daily Intake (ADI), and product-specific Maximum Permitted Levels (MPLs) are essential 
regulatory tools to limit consumer exposure and ensure that the cumulative intake of these additives remains within 
safe margins. Together, ADI and MPL values provide a scientifically grounded framework for protecting human 
health while allowing the controlled use of food additives in beverage formulations [26, 30, 31].  

Accordingly, Table 1 presents the Acceptable Daily Intake (ADI) values established by EFSA, FDA, and 
the Codex Alimentarius Commission, together with the corresponding Maximum Permitted Levels (MPLs) for the 
investigated additives in non-alcoholic beverages, as regulated under Regulation (EC) No 1333/2008 [5, 7, 22, 26 
– 32]. 

 
Table 1. Acceptable Daily Intake (ADI) values and Maximum Permitted Levels (MPLs) for selected 

additives in non-alcoholic beverages 

Compound ADI (mg/kg bw/day) 
MPL in non-alcoholic 

beverages 
References 

Sodium benzoate 
0 – 5 (group ADI for 
benzoates) 

150 mg/L (alone or with 
sorbates) 

[5, 26, 30] 

Potassium sorbate 
3 (group ADI for 
sorbates) 

300 mg/L (alone);  
250 mg/L (with benzoate) 

[7, 26, 30] 

Acesulfame potassium 15 350 mg/L [26, 29, 30] 

Aspartame 
40 (EFSA, EU);  
50 (FDA, USA) 

600 mg/L [26, 27, 30, 31] 

Sodium saccharin 9 80 mg/L [26, 28, 30] 

Caffeine 
No ADI (intake guidance: 
≤ 400 mg/day (adults)) 

No MPL established; 
typically, ≤ 320 mg/L in 
energy drinks;  
mandatory labeling 
required above 150 mg/L 

[22, 32] 

 
Given the widespread use of preservatives, artificial sweeteners, and caffeine in non-alcoholic beverages, 

together with established ADI and MPLs values, the availability of reliable analytical methods is essential to ensure 
regulatory compliance and consumer safety. Numerous analytical approaches for the determination of these 
compounds have been reported in the literature, including electrophoretic, electroanalytical, colorimetric, and 
spectroscopic techniques, as well as chromatographic methods [33, 34]. Among the latter, gas chromatography 
coupled with mass spectrometry (GC–MS) [35], liquid chromatography–mass spectrometry (LC–MS) [36], and, 
most commonly, high-performance liquid chromatography (HPLC) combined with UV–Vis or diode array 
detection (UV-DAD) have been extensively applied [37 – 42]. 

However, despite the large number of available analytical methods, the simultaneous determination of 
these compounds in complex beverage matrices remains analytically challenging due to their belonging to different 
chemical classes, resulting in diverse physicochemical and spectral characteristics as well as a wide range of 
concentrations. Furthermore, routine quality control and regulatory monitoring demand robust, accurate, and time-
efficient methods capable of analyzing multiple additives within a single analytical run. Therefore, the aim of the 
present study was to develop and validate a reversed-phase high-performance liquid chromatography (RP-HPLC) 
method with UV-DAD detection for the simultaneous determination of sodium benzoate, potassium sorbate, 
acesulfame potassium, aspartame, sodium saccharin, and caffeine in non-alcoholic beverages. Furthermore, the 
developed method was successfully applied to the simultaneous determination of the investigated analytes in 
commercially available non-alcoholic beverages from the local market. 
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2. MATERIALS AND METHODS 

 
2.1. Instrumentation 

 

The chromatographic analyses were performed using Agilent 1260 Infinity Rapid Resolution Liquid 
Chromatography (RRLC) system equipped with vacuum degasser (G1322A), binary pump (G1312B), autosampler 
(G1329B), a thermostatted column compartment (G1316A), ultraviolet diode array detector (UV-DAD) 
(G1316B), and ChemStation software (version A.01.01). Two analytical columns with identical stationary phase 
characteristics but different internal diameters were evaluated, namely Poroshell 120 EC – C18 (50 × 3.0 mm, 2.7 
µm) and Poroshell 120 EC – C18 (50 × 4.6 mm, 2.7 µm), manufactured by Agilent Technologies (USA).  

A digital analytical balance (ME 204, Mettler Toledo, Switzerland) with an accuracy of ± 0.0001 g was 
used to weighing the analytical standards. The pH of the solutions was measured using a pH meter (Seven Direct 
SD 20, Mettler Toledo, Switzerland) equipped with a magnetic stirrer (EasyMix, Mettler Toledo, Switzerland). 
Precise volumes of standard solutions, working solutions, and samples were measured using an electronic pipette 
(HandyStep touch S, BRAND, Germany) with interchangeable piston tips (0.01 – 5 mL). An ultrasonic bath 
(Elmasonic Select 100, Elma, Germany) was used to facilitate the dissolution of analytical standards and for 
degassing (ultrasonication) of the samples prior to analysis. Phosphate buffer solutions were filtered using a 
vacuum filtration system (Supelco Analytical, USA) with nitrocellulose membrane filters (0.22 µm pore size).  

 

2.2. Analytical standards and reagents 
 
Pure analytical standards of acesulfame K (99.4 %), sodium saccharin (99.6 %), caffeine (99.9 %), 

aspartame (99.0 %), sodium benzoate (99.9 %), and potassium sorbate (99.9 %) were purchased from CPAchem 
Ltd. (Bulgaria). HPLC-grade acetonitrile, methanol, and water (Fisher Chemical, USA) were used for the 
preparation of the mobile phase. 

Potassium dihydrogen phosphate (> 99 %), manufactured by Fisher Chemical (USA), and phosphoric 
acid (85.35 %), manufactured by Fisher Chemical (UK), were used for the preparation of phosphate buffer 
solutions. For pH meter calibration, standard buffer solutions with pH values of 4.0 and 7.0 (Fisher Chemical, 
Belgium) were used. 

The study included 16 commercially available non-alcoholic beverages of different brands and 
compositions, selected to cover a wide range of products containing artificial sweeteners, preservatives, and 
caffeine. The analyzed products comprised carbonated and non-carbonated beverages, fruit juices, iced teas, 
energy and sports drinks, which were randomly sampled from local markets. 

 

2.3. Preparation of of standard solutions  

 
For the preparation of stock solutions, the following amounts of analytical standards were accurately 

weighed (± 0.0001 g): 0.0694 g of acesulfame K, 0.0273 g of sodium saccharin, 0.0512 g of caffeine, 0.1201 g of 
aspartame, 0.0324 g of sodium benzoate, and 0.0610 g of potassium sorbate. Each weighed standard was 
quantitatively transferred into a 10 mL volumetric flask, dissolved, and diluted to volume with HPLC-grade water. 
To ensure complete dissolution, the solutions were sonicated in an ultrasonic bath for 15 min at a temperature not 
exceeding 25 °C. The stock solutions were stored in a refrigerator at 4 °C until analyses. 

Six mixed working standard solutions with different mass concentrations were prepared by transferring 
appropriate aliquots (50, 100, 300, 500, 700, and 900 µL) of each individual stock solution into the same 10 mL 
volumetric flask, followed by dilution to volume with water. The working standard solutions were freshly prepared 
on the day of analysis. Each working standard solution was injected in triplicate into the HPLC system using an 
injection volume of 2.5 µL. 

To determine the accuracy of the method, known volumes of each stock solution (400, 500, and 600 µL), 
corresponding to three concentration levels of each analyte, were added to a 10 mL volumetric flask containing a 
blank matrix, and the volume was adjusted to the mark with the blank sample. An energy drink sample was used 
as the blank matrix in this study. For each concentration level, three replicate solutions were prepared, and each 
solution was injected five times into the chromatographic system using an injection volume of 2.5 µL. Prior to 
injection, all solutions were filtered through nylon syringe filters with a pore size of 0.22 µm. 

 
2.4. Preparation of sample solutions  

 
Sample preparation in the present study was simple and required minimal pretreatment. To remove 

dissolved gases, carbonated beverages were degassed in an ultrasonic bath for approximately 15 min at a 
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temperature not exceeding 25 °C. Prior to HPLC analysis, all samples were filtered through a nylon syringe filter 
with a pore size of 0.22 µm. Each sample was analyzed in triplicate using an injection volume of 2.5 µL. 

 

2.5. Preparation the phosphate buffer solutions 

 

Phosphate buffer solutions at different pH values were freshly prepared by dissolving 0.1 g of potassium 
dihydrogen phosphate (KH2PO4) in 100 mL of HPLC-grade water. Each solution was stirred on a magnetic stirrer 
to ensure complete dissolution, and the desired pH was adjusted using dilute phosphoric acid (H3PO4). Prior to 
use, each buffer solution was filtered through a 0.22 μm nitrocellulose membrane using a vacuum filtration system. 
 
2.6. Preparation of phosphoric acid solution 

 

HPLC-grade water was placed in a beaker, and diluted phosphoric acid (H₃PO₄) was added dropwise 
under stirring until a pH of 3.8 was achieved. Before use, the mobile phase was filtered through a 0.22 μm 
nitrocellulose membrane filter. 

 
2.7. Chromatographic Conditions 

 

Chromatographic separation was performed on a Poroshell 120 EC-C18 analytical column (50 × 3.0 mm, 
2.7 µm). The mobile phase consisted of methanol and phosphoric acid solution (pH = 3.8) in a volume ratio of 
20:80 (V/V). The flow rate was set at 1.0 mL/min, and isocratic elution was applied throughout the analysis. The 
column oven temperature was maintained at 25 °C. 

UV–DAD detection was carried out at wavelengths of 195, 230, 260, and 275 nm. Identification of the 
analytes was based on a comparison of their retention times and UV spectra with those of the corresponding 
analytical standards. Quantification was performed using external calibration curves at 230 nm for acesulfame K 
and sodium benzoate, 195 nm for sodium saccharin and aspartame, 260 nm for potassium sorbate, and 275 nm for 
caffeine.  
 
2.8. Method validation 

 
The developed RP-HPLC method was validated in accordance with internationally recognized guidelines 

for analytical method validation, including specificity, selectivity, linearity, limits of detection and quantification, 
precision, accuracy, and robustness [43, 44]. Method validation was performed using retention time, peak area, 
and peak height data obtained at a detection wavelength of 230 nm for acesulfame K and sodium benzoate, 195 
nm for sodium saccharin and aspartame, 260 nm for potassium sorbate, and 275 nm for caffeine. 

Specificity and selectivity. Specificity and selectivity were evaluated by comparing chromatograms of 
standard solutions and spiked beverage samples to verify the absence of interfering matrix components at the 
retention times of the investigated analytes.  

Linearity. Linearity was evaluated by analyzing six working standard solutions containing all analytes 
at different concentration levels within the selected calibration range. Calibration curves were constructed by 
plotting peak areas against the corresponding mass concentrations of each analyte. Linear regression analysis was 
performed, and the linearity of the method was assessed based on the correlation coefficients (R²). 

Limits of detection and quantification. The limits of detection (LOD) and quantification (LOQ) for 
each analyte were determined based on signal-to-noise ratios of approximately 3:1 and 10:1, respectively. LOD 
and LOQ values were calculated using diluted standard solutions injected under the optimized chromatographic 
conditions. 

Precision. The precision of the method was evaluated in terms of intra-day (repeatability) and inter-day 
(intermediate precision). Intra-day precision was assessed by analyzing standard mixtures at selected concentration 
levels ten times within the same day, whereas inter-day precision was evaluated by repeating the analysis on three 
days under the same experimental conditions. Precision was expressed as the relative standard deviation (RSD, 
%) of peak areas, peak height and retention times for each analyte. 

Accuracy. The accuracy of the method was evaluated by recovery studies using the standard addition 
method. Known amounts of each analyte at three concentration levels were added to a blank matrix, and the 
samples were analyzed under the optimized chromatographic conditions. Accuracy was expressed as percentage 
recovery (R, %), calculated by comparing the measured concentration with the added concentration. 

Robustness. The robustness of the developed RP-HPLC method was evaluated by applying the optimized 
chromatographic conditions to an alternative analytical column with identical stationary phase characteristics but 
a different internal diameter (Poroshell EC-C18, 50 × 4.6 mm, 2.7 µm). The influence of the column dimension 
on retention times, peak shapes, and resolution was examined.  
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The validated method was subsequently applied to the simultaneous determination of sodium benzoate, 
potassium sorbate, acesulfame K, aspartame, sodium saccharin, and caffeine in commercially available non-
alcoholic beverages.  

 
3. RESULTS AND DISCUSSION 

 

Considering the high consumption of non-alcoholic beverages and the presence of multiple food additives 
with different physicochemical properties, the chromatographic conditions were developed and optimized to 
enable reliable simultaneous determination of the investigated analytes. Therefore, several parameters affecting 
chromatographic separation were evaluated in order to achieve satisfactory resolution, good peak shape, 
reproducible retention, and reliable detection of all target compounds within a single analytical run. 

 
3.1. Development of RP-HPLC method 

 
Selection of the stationary phase. The selection of an appropriate stationary phase represents a crucial 

step in chromatographic method development, particularly when the simultaneous determination of analytes with 
diverse physicochemical properties is required. Reversed-phase C18 columns are widely applied for the separation 
of food additives due to their ability to provide adequate retention and resolution for compounds with varying 
polarity and chemical characteristics. Numerous studies have demonstrated the successful application of RP-HPLC 
using C18 stationary phases for the determination of artificial sweeteners, preservatives, and caffeine in beverage 
matrices, either individually or simultaneously [37, 39, 40]. In recent years, core–shell C18 columns have gained 
increasing attention, as they offer higher separation efficiency, improved peak shape, and reduced analysis time 
compared to fully porous particles, while maintaining moderate backpressure [45, 46]. Additionally, building on 
our previous research on the successful determination of artificial sweeteners [41], as well as preservatives and 
caffeine [42] in various soft drinks, the present study aimed to investigate whether the use of a Poroshell 120 EC-
C18 column would enable efficient separation of all target analytes within a single analytical run. This column 
provides chemical stability in a wide pH range (2 - 9), as well as resistance to dehydration and degradation when 
working with aqueous mobile phases or organic solvents (such as methanol and acetonitrile). The column shows 
excellent reproducibility, symmetrical peaks and high selectivity in complex matrices [47]. Accordingly, a 
Poroshell 120 EC-C18 column was selected to achieve reliable and efficient simultaneous separation of the 
investigated compounds within a short analysis time.  

In addition to the selection of the stationary phase, the influence of the column internal diameter on 
chromatographic performance was evaluated as part of the method optimization. Two Poroshell 120 EC-C18 
columns with identical stationary phase characteristics but different internal diameters (50 × 3.0 mm and 50 × 4.6 
mm, 2.7 µm) were evaluated during the optimization process. The comparison was focused on key performance 
parameters, including retention behavior, peak shape, resolution, analysis time, solvent consumption, and method 
sensitivity.  

Although both columns provided good chromatographic performance, expressed as symmetrical and 
narrow chromatographic peaks for all investigated analytes, the use of the 3.0 mm column resulted in lower 
retention times and consequently shorter run times and reduced solvent consumption. Based on these observations, 
the Poroshell 120 EC-C18 column (50 × 3.0 mm, 2.7 µm) was selected for further optimization and full validation 
of the developed RP-HPLC method. The column with a larger internal diameter (4.6 mm) was subsequently used 
as part of the robustness testing to assess the performance of the method under modified chromatographic 
conditions. 

In spite of the fact that both gradient [37, 39, 48] and isocratic [40 – 42] elution modes have been widely 
reported in the literature for the determination of artificial sweeteners, preservatives, and caffeine in beverages, 
the present study aimed to develop a simple and robust RP-HPLC method suitable for routine analysis. Therefore, 
chromatographic separation was performed under isocratic elution conditions, using a constant mobile phase 
composition throughout the analysis. Isocratic elution is often preferred for routine quality control due to its 
simplicity, improved method robustness, easier reproducibility, and reduced method development time, 
particularly when adequate separation of all analytes can be achieved within a single run [49].  

A constant flow rate of 1.0 mL/min was applied, as commonly recommended for short C18 columns to 
ensure a balance between analysis time, chromatographic efficiency, and system backpressure [46]. In addition, 
the column oven temperature was maintained at 25 °C to ensure stable retention times and reproducible 
chromatographic behavior, since temperature fluctuations can significantly influence analyte retention and peak 
shape in reversed-phase liquid chromatography [49]. 

The choice of the wavelength at which the chromatographic analysis was performed was made based on 
the UV spectra of the components of interest recorded in a mobile phase composed of methanol and phosphoric 
acid solution (pH = 3.8) with a volume ratio of 20/80 (Fig. 1). As can be seen from Fig. 1, acesulfame K and 
sodium benzoate show maximum absorption at a wavelength of approximately 230 nm, while saccharin sodium 
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and aspartame have a high absorption at around 195 nm. Caffeine has a maximum absorption at around 275 nm, 
and potassium sorbate at around 260 nm. Hence, the chromatographic process was monitored at 195, 230, 260 and 
275 nm. 

Mobile phase composition and pH optimization. Furthermore, the composition and pH of the mobile 
phase were systematically investigated, as these parameters have a pronounced effect on the retention, resolution, 
and peak shape of the investigated analytes. 

During method development, various mobile phase compositions were systematically evaluated in order 
to achieve adequate separation, acceptable peak shape, and stable retention of all target analytes within a single 
chromatographic run. The tested mobile phases consisted of different combinations of phosphate buffer, 
phosphoric acid solution, and methanol and acetonitrile, as organic modifiers. The investigated analytes include 
weak acids and ionic compounds, whose ionization state strongly depends on the pH of the mobile phase. 
According to chromatographic theory and previous studies, operating under mildly acidic conditions suppresses 
the dissociation of acidic analytes, leading to improved retention, reduced peak tailing, and better peak symmetry 
on C18 stationary phases [49]. In agreement with these findings, it was observed that mobile phases adjusted to 
acidic pH values provided improved chromatographic performance compared to neutral conditions. Therefore, the 
pH of the aqueous phase was adjusted within the range of 3.5 – 4.3, which is commonly reported in the literature 
as suitable for the separation of preservatives, artificial sweeteners, and caffeine using reversed-phase HPLC [40–
42].  

The investigation of the optimal mobile phase composition was initiated using acetonitrile/phosphate 
buffer (pH = 3.5) in a ratio of 8:92 (V/V). These conditions previously enabled satisfactory separation of benzoates 
and sorbates on another C18 column [40]. However, when applied to the present column, sodium benzoate and 
potassium sorbate eluted almost simultaneously and could not be separated. 

To improve retention and separation, the proportion of acetonitrile was reduced (3 – 8 %). Nevertheless, 
decreasing the content of the stronger eluent did not lead to separation of the analytes in their mixture. Moreover, 
injection of individual analytes under these conditions resulted in asymmetric peaks with double and triple peak 
formation. The occurrence of multiple peaks for a single compound may arise from inappropriate chromatographic 
parameters, improper sample–mobile phase compatibility, or heterogeneities in the stationary phase [50]. 
Therefore, further optimization focused on adjustment of the mobile phase pH. 

The same mobile phase composition was examined at pH = 3.7, 3.8 and 4.3. At pH = 3.7, using 
acetonitrile/buffer ratios of 10:90 and 15:85 (V/V), certain analytes showed improved peak symmetry; however, 
acesulfame K and sodium saccharin were not baseline-separated, while aspartame and sodium benzoate produced 
broad and diffuse peaks. Such peak broadening and distortion may result from solvent-strength mismatch and 
viscous-drag effects [51]. 

Further experiments were conducted at pH = 3.8. A mobile phase of 15:85 (V/V) acetonitrile/buffer, 
previously reported for the separation of caffeine, sodium benzoate and potassium sorbate in beverages [42], did 
not provide satisfactory separation in this case: acesulfame K and sodium saccharin remained partially overlapped, 
and sodium benzoate exhibited a broadened peak of poor shape. 

To enhance resolution, the acetonitrile fraction was further decreased to 10 %, 8 % and 7 %. At 10:90 
(V/V), both the acesulfame K/sodium saccharin and sodium benzoate/potassium sorbate pairs were not baseline-
resolved and exhibited peak broadening. A composition of 7:93 (V/V), previously successful for the separation of 
acesulfame K, sodium saccharin and aspartame [41], still resulted in broad and poorly shaped peaks for sodium 
benzoate and potassium sorbate. 

Although partial separation of the analytes was observed using acetonitrile/buffer (pH = 3.8) in a ratio of 
10:90 (V/V), the separation was not sufficient to ensure reliable quantification. This was confirmed by peak purity 
values below 900, indicating spectral interference between co-eluting compounds and insufficient 
chromatographic resolution. 

In order to improve selectivity, the buffer pH was increased to 4.3 while maintaining acetonitrile as the 
organic modifier. However, with acetonitrile/buffer (10:90, pH = 4.3), no effective separation was achieved. The 
chromatogram showed unstable baseline and broadened, irregular peaks, confirming that acetonitrile did not 
provide adequate selectivity for simultaneous determination of the investigated compounds on this column. 

Therefore, acetonitrile was replaced with methanol. Although acetonitrile generally provides lower 
viscosity and shorter analysis time, methanol often offers different selectivity in reversed-phase chromatography 
and improved resolution for structurally related polar additives, particularly artificial sweeteners, while 
maintaining stable baseline at low UV wavelengths. Similar behavior has been reported for determination of food 
additives in beverages [52]. 

Mobile phases consisting of methanol and phosphate buffer were investigated at 10:90 and 20:80 (V/V) 
ratios and at pH = 3.7 and 3.8. Using methanol/buffer (10:90, pH = 3.8), sodium benzoate and potassium sorbate 
produced broadened peaks of poor shape. Increasing the methanol fraction to 20 % significantly improved 
resolution. At pH = 3.7, baseline separation of all analytes was obtained; however, a pronounced baseline 
disturbance (“hump”) appeared before the sodium benzoate peak, interfering with quantification. 
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To eliminate this effect, the buffer pH was slightly increased to 3.8. Even a small pH adjustment in 
reversed-phase chromatography can significantly influence analyte ionization and selectivity, as a change of only 
0.1 pH units may markedly alter relative retention [53]. After this adjustment, the baseline disturbance was 
minimized and clean separation with symmetrical peaks was achieved. 

From the investigations performed so far, the best separation of the components was obtained using a 
mobile phase composed of methanol and phosphoric buffer (pH = 3.8) in a ratio of 20/80 (V/V), producing sharp, 
symmetrical chromatographic peaks of regular shape. 

 

 
 
Fig. 2 Chromatograms obtained from standard mixture of acesulfame K (ACK), sodium saccharin (SS), caffeine 

(CAF), aspartame (ASP), sodium benzoate (SB), and potassium sorbate (PS) on a Poroshell 120 EC–C18 
column (50 × 3.0 mm, 2.7 µm), with methanol/phosphoric acid solution (pH = 3.8), (20/80, V/V) as mobile phase 

 
However, phosphate buffers have limited solubility in mobile phases containing organic modifiers and 

may precipitate within the chromatographic system. Precipitation of buffer salts inside the column, capillaries and 
detector flow cell can distort the UV signal and lead to increased baseline noise, instability and split peaks, thereby 
reducing method robustness [54]. For this reason, the phosphate buffer was replaced with a phosphoric acid 
solution. No significant differences were observed in terms of analyte separation, while improved baseline stability 
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and method reliability were achieved. Based on the obtained results, the optimal chromatographic conditions for 
the developed RP-HPLC method for the simultaneous determination of acesulfame K, sodium saccharin, caffeine, 
aspartame, sodium benzoate and potassium sorbate in beverages were established as follows: an isocratic mobile 
phase composed of methanol and phosphoric acid solution (pH = 3.8) in a volume ratio of 20:80, flow rate of 1 
mL/min, column temperature of 25 °C, UV detection at 195, 230, 260 and 275 nm, and an injection volume of 2.5 
µL (Fig. 2 ). Under these conditions, a stable baseline with negligible noise was obtained, and the chromatographic 
peaks were sharp, symmetrical and sufficiently separated, enabling reliable qualitative identification and accurate 
quantitative determination of all analytes. 

The chromatographic performance of the developed method was evaluated using retention factor (k′), 
separation factor (α) and resolution (Rs), which represent the principal parameters describing separation efficiency. 
The obtained values for the dead time (t0), retention times (tr), retention factors (k′), separation factors (α) and 
resolution (Rs) are presented in Table 2. 
 
Table 2. Retention times (tR), retention factors (k’), separation factors (α) and resolution (Rs) of the investigated 
analytes 

 
Analyte 

tr / min k’ α Rs 

Acesulfame K 0.276 1.00 1.36 1.73 
Sodium saccharin 0.326 1.36 6.15 23.35 
Caffeine  1.294 8.38 2.00 14.64 
Aspartame 2.448 16.74 1.38 8.05 
Sodium benzoate 3.319 23.05 1.16 4.36 
Potassium sorbate 3.828 26.74 - - 
Dead time 0.138 - - - 

 
Аs can be seen from the Table 2, the values for the retention factors ranged from 1 to 26.74. According 

to chromatographic theory, k′ values between approximately 1 and 20 are generally considered optimal for liquid 
chromatographic separations, ensuring sufficient interaction of analytes with the stationary phase without 
excessive band broadening or unnecessarily long analysis times [49]. Although the two last-eluting compounds 
exhibited a slightly higher k′ value (> 20), the total chromatographic run time was approximately 4.5 min, 
indicating that the retention did not negatively affect the practical efficiency of the method. 

The selectivity of the separation was confirmed by separation factors in the range of 1.1 – 6.15. Values 
of α ≥ 1.1 are considered sufficient for effective separation between adjacent peaks [49], indicating adequate 
differences in analyte–stationary phase interactions. 

The quality of separation was further evaluated through resolution values ranging from 1.73 to 23.35. A 
resolution value of 1.5 corresponds to baseline separation, while higher values indicate complete peak 
independence [49]. Since all peak pairs showed Rs values above 1.5, baseline separation was achieved for all 
investigated analytes, ensuring reliable identification and accurate quantification without mutual interference. 

Overall, the combination of acceptable retention behavior, sufficient selectivity and high resolution 
confirms that the developed method provides efficient chromatographic separation within a short analysis time. 
The results demonstrate that the selected chromatographic conditions allow simultaneous determination of 
artificial sweeteners, preservatives and caffeine in beverage samples with both high separation efficiency and high 
sample throughput. 

In comparison with previously reported RP-HPLC methods for similar analytes, which commonly require 
9 – 20 min per chromatographic run [37, 39, 55], the developed method provides significantly shorter analysis 
time (≈ 4.5 min) while maintaining baseline separation. Such reduction in run time considerably increases sample 
throughput and decreases solvent consumption without compromising chromatographic performance, which 
represents an important advantage in routine quality control analysis.  

After achieving satisfactory separation of the analytes on this column, we aimed to evaluate whether the 
optimized chromatographic conditions could also be applied to another column with the same stationary phase but 
a different internal diameter. Therefore, the method was tested on a Poroshell 120 EC–C18 column (50 × 4.6 mm, 
2.7 µm). 

From the chromatogram obtained (Fig. 3), it can be observed that the method provided efficient separation 
of all analytes using the alternative column. The analytes were completely separated, exhibiting symmetrical peaks 
with appropriate peak shape. However, longer retention times were observed, namely 0.689 min for acesulfame 
K, 0.931 min for saccharin sodium, 2.820 min for caffeine, 5.465 min for aspartame, 7.863 min for sodium 
benzoate, and 8.793 min for potassium sorbate. Consequently, the total chromatographic run time was 
approximately 9.5 minutes, which is more than twice as long as that obtained with the column of smaller internal 
diameter. This also implies higher consumption of organic solvent. For these reasons, method validation was 
performed using the column with the smaller internal diameter. 
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Fig. 3 Chromatogram obtained from standard mixture of acesulfame K (ACK), sodium saccharin (SS), caffeine 

(CAF), aspartame (ASP), sodium benzoate (SB), and potassium sorbate (PS) on a Poroshell 120 EC–C18 
column (50 × 4.6 mm, 2.7 µm), with methanol/phosphoric acid solution (pH = 3.8), (20/80, V/V) as mobile 

phase, at 195 nm 
 

3.2. Method validation 
The developed RP-HPLC method was validated in accordance with internationally accepted guidelines 

for analytical method validation [43, 44] in order to confirm its suitability for the simultaneous determination of 
artificial sweeteners, preservatives, and caffeine in beverage samples. The validation was performed with respect 
to specificity, selectivity, linearity, limits of detection and quantification, precision, accuracy, and robustness. 

Specificity and selectivity. The specificity and selectivity of the developed RP-HPLC method were 
evaluated to ensure reliable identification and quantification of the target analytes in the presence of other 
components commonly found in beverage matrices. Specificity was assessed by comparing chromatograms 
obtained from standard solutions and spiked beverage samples, since a true blank matrix was not available. The 
absence of interfering peaks at the retention times of the investigated analytes was verified using the standard 
addition approach.  

Selectivity of the method was further confirmed by evaluation of peak purity and spectral matching. The 
identity of each analyte was verified by overlapping the UV-Vis spectrum of the pure analytical standard with the 
corresponding absorption spectrum obtained from the tested beverage sample. The match factor values obtained 
from spectral overlap were 999.928 for acesulfame K; 999.936 for sodium saccharin; 999.976 for caffeine; 999.989 
for aspartame; 999.916 for sodium benzoate and 999.976 for potassium sorbate, indicating excellent spectral 
agreement (Fig. 1). 

These results demonstrate that the components of the sample matrix do not interfere with the target 
analytes, confirming the high specificity and selectivity of the proposed method for the simultaneous determination 
of acesulfame K, sodium saccharin, caffeine, aspartame, sodium benzoate, and potassium sorbate in beverage 
samples. 

Linearity. The linearity of the developed RP-HPLC method was evaluated by analyzing a series of 6 
standard mixtures containing the investigated analytes at different concentration levels. Calibration curves were 
constructed by plotting peak area or peak height against the corresponding mass concentration for each analyte. 
The method exhibited good linearity within the tested concentration range given in the Table 3. A linear regression 
model was applied for all analytes, and the resulting calibration curves demonstrated excellent linear relationships. 
The linearity, limits of detection (LOD), and limits of quantification (LOQ) of the developed RP-HPLC method 
are summarized in Table 3.  

As can be seen from Table 3, for all analytes, coefficients of determination (R²) higher than 0.9990 (when 
the peak area was taken as the dependent variable) and  higher than 0.9936 (when the peak height was taken as the 
dependent variable) were obtained, indicating a strong correlation between the detector response and analyte 
concentration within the tested range and confirming the suitability of the method for quantitative analysis of 
artificial sweeteners, preservatives, and caffeine in beverage samples. Compared to the data published in the 
literature, the linearity of the method described in this study is better than the presented RP-HPLC methods for the 
determination of artificial sweeteners [41], preservatives and caffeine [42], as well as for the determination of the 
investigated additives [55] in beverages, which obtained values for the coefficients of determination higher than 
0.99 in relation to the peak area. In the studies of Székelyhidi et al. [39] and Imanulkhan et al. [37] the obtained 
values for R² in relation to the peak area are higher than 0.9995 and 0.9991, respectively, and are comparable to 
those obtained in this study. Although calibration curves based on both peak height and peak area showed 
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acceptable linearity, peak area provided superior linear correlation (R² ≥ 0.9990). Consequently, peak area was 
selected as the preferred response for quantification of all analytes in subsequent analyses. 

As can be seen from the Table 3, the developed RP-HPLC method provided low LOD and LOQ values, 
enabling reliable detection and quantification of the investigated additives at low concentrations in beverage 
samples. The obtained results demonstrated adequate sensitivity for the simultaneous determination of artificial 
sweeteners, preservatives and caffeine in non-alcoholic beverages. Furthermore, the achieved sensitivity was better 
than that reported in several previously published HPLC methods for similar analytes [37, 39, 48]. 
 
Table 3. Linearity, limits of detection (LOD) and limits of quantification (LOQ) of the developed method  

Analyte 
Linearity range 

(mg/L)  
Regression equation R

2 
LOD 

(mg/L) 

LOQ 

(mg/L) 

Acesulfame K 34.91 –  628.38 
y* = 8.9495x - 26.488 
y** = 5.3158x - 125.42 

0.9990 
0.9965 

0.035 0.115 

Sodium saccharin 13.70 – 246.69 
y* = 29.387x - 269.4 
y** = 10.911x - 80.367 

0.9992 
0.9943 

0.008 0.027 

Caffeine  25.62 – 461.25 
y* = 9.7968x - 225.92 
y** = 2.9314x - 34.292 

0.9995 
0.9992 

0.016 0.052 

Aspartame 60.66 – 1091.79 
y* = 13.094x - 61.345 
y** = 1.5113x + 62.847 

0.9990 
0.9945 

0.061 0.201 

Sodium benzoate 16.21 – 291.87 
y* = 1.7546x + 288.96 
y** = 0.2503x + 43.645 

0.9993 
0.9939 

0.09 0.297 

Potassium sorbate 30.53 – 549.54 
y* = 16.525x + 367.77 
y** = 1.4275x + 136.25 

0.9995 
0.9936 

0.043 0.143 

y* – peak area; y** – peak height; x – concentration (mg/L) of the analyte 
 

Precision. As part of method validation, intra-day and inter-day precision were evaluated. Intra-day 
precision was assessed by performing ten consecutive injections (2.5 μL) of a standard mixture containing all 
investigated analytes at a concentration of 349.1, 137.05, 256.25, 606.55, 162.15 and 305.3 mg/L for acesulfame 
K, sodium saccharin, caffeine, aspartame, sodium benzoate, and potassium sorbate, respectively, within a single 
day. For each analyte, the mean value ( x ), standard deviation (SD), and relative standard deviation (RSD, %) 
were calculated based on retention time (tR), peak area (A), and peak height (H). Inter-day precision was 
determined by repeating the same analytical procedure on three consecutive days. The obtained RSD values for 
all evaluated parameters over the three-day period are summarized in Table 4. As can be seen from Table 4, for 
intra-day precision the values obtained were in the range of 0.02 – 1.58 % for retention time, 0.07 – 2.14 % for 
peak area and 0.10 – 2.53 % for peak height, while the RSD values for inter-day precision ranged from 0.28 – 1.84 
% for retention time, 0.88 – 2.05 % for peak area and 1.54 – 2.94 % for peak height. It can be concluded that the 
lowest precision (the highest RSD values) was obtained for peak height, both for intra-day and inter-day precision, 
but despite this these values are less than 3 %. The obtained RSD values demonstrating good precision of the 
developed RP-HPLC method in compliance with ICH [43] and AOAC [44] acceptance criteria, especially for 
retention time and peak area, which values range up to 2.14 %. Literature data show that the results obtained from 
this study are better than those obtained by Dossi [55], which for peak area are 1.87 – 4.34 %, and are comparable 
and slightly better than Imanukken [37], which for peak area range up to 2.53 %. 

 
3.2. Accuracy  

The accuracy of the developed RP-HPLC method was evaluated by recovery studies using the standard 
addition method. Known amounts of each analytical standard were added to an energy drink sample and the 
resulting solutions were analyzed under the optimized chromatographic conditions. The selected energy drink was 
used as a blank matrix for spiking experiments, although it contained all investigated analytes. 

Three concentration levels were tested for each analyte (corresponding to 400, 500, and 600 µL of the 
respective stock solutions, Table 5), and five replicate solutions were prepared at each level. Accuracy was 
expressed as percentage recovery (R, %), calculated by comparing the measured concentration with the actual 
concentration. The mean recovery values (R, %) and relative standard deviations (RSD, %) are summarized in 
Table 5. 

As can be seen from Table 5, the obtained recoveries for all investigated analytes ranged from 91.11 to 
108.99 %, and RSD values associated with recovery measurements were ranged from 0.18 to 2.39 %.  The recovery 
and RSD values obtained for all analytes were within the acceptable limits according to ICH [43] and AOAC [44] 
guidelines, which range from 80 % to 120 %, demonstrating the good accuracy of the proposed method. The RSD 
values associated with recovery measurements were low (≤ 2.39 %), indicating good repeatability of the recovery 
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experiments. These results confirm that the developed RP-HPLC method provides accurate quantification of 
artificial sweeteners, preservatives, and caffeine in complex beverage matrices. 
 
Table 4. Intra-day and inter-day precision of the developed RP-HPLC method 

 
Table 5. Accuracy (recovery) of the developed RP-HPLC method (n = 5)  

Analyte 
Concentration of 
analytes in blank 
sample (mg/L) 

Pure analyte 
added (mg/L) 

Total analyte 
found (mg/L) ± 

SD 

Recovery 
(%) 

RSD (%) 

Acesulfame K 182.47 
279.28 486.85 ± 0.64 108.99 0.21 
349.1 527.78 ± 0.78 98.91 0.23 
418.92 567.04 ± 0.69 91.80 0.18 

Saccharin 
sodium 

77.78 
109.64 183.06 ± 1.90 96.03 1.81 
137.05 203.51 ± 3.01 91.74 2.39 
164.46 227.62 ± 1.85 91.11 1.24 

Caffeine  290.73 
205.00 492.10 ± 4.29 98.23 2.13 
256.25 540.47 ± 2.56 97.46 1.02 
307.5 594.93 ± 7.18 98.92 2.36 

Aspartame 104.96 
485.24 547.17 ± 3.08 91.13 0.70 
606.55 662.50 ± 6.44 91.92 1.15 
727.86 781.59 ± 8.20 92.96 1.21 

Sodium 
benzoate 

168.00 
129.72 292.18 ± 1.68 95.74 1.35 
162.15 323.02 ± 2.39 95.61 1.54 
194.58 357.08 ± 3.52 97.18 1.86 

Potassium 
sorbate 

199.80 
244.24 447.92 ± 3.46 101.59 1.40 
305.3 491.91 ± 4.14 95.68 1.42 
366.36 543.83 ± 5.00 93.90 1.45 

 

 

 
Intra-day precision (n = 10) 

Inter-day precision (n = 

3 days) 

  I day  II day III day 

x   SD 
RSD 

(%) Analyte  x  SD 
RSD 

(%) 
x   SD 

RSD 

(%) 
x   SD 

RSD 

(%) 

Acesulfame 
K 

tr (min) 0.276  0.0003 0.11 0.276  0.0011 0.42 0.276  0.0006 0.23 0.276  0.0008 0.28 

A (mAU*s) 3187.89  11.18 0.35 3104.92  6.03 0.19 3072.08  30.26 0.98 3121.63  52.83 1.69 

H (mAU) 1709.34  6.72 0.39 1763.48  19.50 1.10 1737.03  38.41 2.21 1736.62  33.10 1.90 

Sodium 
saccharin 

tr (min) 0.325  0.0012 0.37 0.328  0.0024 0.73 0.326  0.0003 0.10 0.326  0.0021 0.63 

A (mAU*s) 3813.99  67.90 1.78 3755.79  37.82 1.01 3682.50  55.73 1.51 3750.76  76.37 2.03 

H (mAU) 1568.28  28.96 1.85 1589.64  33.53 2.11 1572.49  39.83 2.53 1576.80  34.49 2.19 

Caffeine 

tr (min) 1.297  0.0034 0.26 1.285  0.0028 0.22 1.299  0.0010 0.07 1.294  0.0068 0.53 

A (mAU*s) 2261.35  1.62 0.07 2270.05  4.16 0.18 2254.64  33.70 1.49 2262.01  20.10 0.88 

H (mAU) 706.53  1.05 0.15 706.81  12.95 1.83 715.38  12.56 1.76 709.57 10.90 1.54 

Aspartame 

tr (min) 2.464  0.0094 0.38 2.424  0.028 1.14 2.456  0.0076 0.31 2.448  0.0242 0.99 

A (mAU*s) 8093.47  83.31 1.03 8042.64  121.09 1.50 7994.07  94.43 1.31 8043.39  405.71 1.31 

H (mAU) 1033.33  24.52 2.37 989.66  23.91 2.42 1018.26  24.56 2.41 1013.75  29.84 2.94 

Sodium 
benzoate 

tr (min) 3.237  0.0028 0.08 3.353  0.029 0.86 3.365  0.0008 0.02 3.319  0.061 1.84 

A (mAU*s) 587.58  11.54 1.96 585.12  11.37 1.94 593.79  12.70 2.14 588.83  12.05 2.05 

H (mAU) 81.58  0.77 0.95 81.00  1.95 2.40 78.42  1.48 1.89 80.33  2.00 2.48 

Potassium 
sorbate 

tr (min) 3.825  0.0054 0.14 3.770  0.060 1.58 3.890  0.0010 0.02 3.828  0.060 1.57 

A (mAU*s) 5812.06  104.30 1.80 5845.84  115.22 1.97 5822.20  67.13 1.15 5826.70  95.40 1.64 

H (mAU) 723.95  15.86 2.19 701.81  16.26 2.32 712.34  16.11 2.26 712.70  18.03 2.53 
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According to the literature data, Székelyhidi et al. [39] in their work on the determination of the tested 
additives and caffeine in sugar-free beverages obtained recoveries in the range of 95.5 – 113 % and RSD < 2.49 
%. Imanulkhan et al. [37] obtained recoveries in the range of 95.30 – 101.41 % for the determination of the tested 
additives and caffeine in powdered drinks. Furthermore, by applying the RP-HPLC method developed by 
Jankulovska et al. [41], for the determination of artificial sweeteners in soft drinks they obtained values of 84.48 
– 99.83 %, and when applying another RP-HPLC method for preservatives and caffeine [42] they obtained values 
in the range of 95.99 – 101.5 %. Comparing the results obtained using the presented developed method and those 
in the literature, comparable or slightly better results were obtained. 

Robustness. The robustness of the developed RP-HPLC method was evaluated by examining the 
influence of small, deliberate variations in chromatographic conditions on the analytical performance of the 
method. Robustness testing was performed in order to assess the reliability of the method under normal laboratory 
conditions and its suitability for routine analysis. 

The robustness of the method was investigated by applying the optimized chromatographic conditions on 
two Poroshell 120 EC-C18 columns with identical stationary phase characteristics but different internal diameters 
(3.0 mm and 4.6 mm). The effect of column internal diameter on retention time, peak shape, and detector response 
was evaluated. Despite differences in retention times, satisfactory separation and acceptable peak symmetry were 
achieved for all investigated analytes on both columns. 

The results obtained show that the developed RP-HPLC method was robust, as small variations in the 
chromatographic conditions was not significantly affect the separation and quantification of the analytes. This 
confirms the reliability and applicability of the method for the routine determination of artificial sweeteners, 
preservatives and caffeine in non-alcoholic drinks. 

4. Application of the validated RP–HPLC method in beverages 

The applicability of the developed RP-HPLC method was evaluated by analyzing a variety of 
commercially available non-alcoholic beverages obtained from the local market. The selected samples represented 
different beverage categories, including carbonated and non-carbonated soft drinks, fruit juices, iced teas, energy 
drinks, and sports drinks, in order to demonstrate the versatility of the method for different beverage matrices. 

All samples were prepared according to the described sample preparation procedures and analyzed under 
the optimized chromatographic conditions. The investigated analytes (acesulfame K, sodium saccharin, aspartame, 
caffeine, sodium benzoate, and potassium sorbate) were successfully identified and quantified in the analyzed 
samples based on their retention times and UV spectra, in comparison with the corresponding analytical standards. 
The obtained values for the match factor of the overlapped spectra of the examined components in the analyzed 
samples and the standard mixture were above 999, which indicates a high similarity between the spectra and 
confirms that the obtained chromatographic peaks certainly originate from the components of interest.  

The obtained results for the determined analytes in the analyzed beverage samples are presented in Table 
6, and the chromatogram of the analytes detected in sample 15 is presented in Figure 4. 

 The results of the analysis obtained were compared with the maximum permitted concentrations 
according to the Regulation (EC) No. 1333/2008 [26] and with the Regulation (EU) 1169/2011 on the provision 
of food information to consumers [32]. Since the adverse effects of the additives tested on human health are known, 
it is very important to confirm whether their quantity in beverages is in accordance with the values specified in the 
Regulation [26]. Therefore, the existence of a simple and rapid, and at the same time accurate and precise analytical 
method for the identification and quantitative determination of the additives tested is of particular importance. Тhe 
research showed that аll of the selected beverages listed the additives present by name or E-number, but their 
content was not stated. Only for caffeine, in the example with "high caffeine content", the content was stated, while 
in the cola drinks its content was not stated. In the sample of iced tea, where caffeine is naturally found, it was not 
stated there. Also, in accordance with Regulation (EU) 1169/2011 [32], aspartame was correctly indicated on the 
label of the beverage ("contains a source of phenylalanine"). 

The most detected sweeteners in selected samples were the blend of acesulfame K and aspartame, which 
were determined in four samples, mainly in sports and energy drink samples (S10, S13, S15, S16), and in two of 
them, declared as zero sugar energy drinks (S15 and S16), they are, also, in combination with sodium saccharine. 
The determined concentrations were range of 39.05 - 178.72 mg/L for ACK, 30.22 – 101.74 mg/L for ASP, and  
74.28 mg/L (S15) and 79.63 mg/L (S16) for SS. Imanulkan et al. [37] also found that ACK and ASP were the most 
commonly used sweeteners, but at much higher concentrations. Their obtained values were in the wider 
concentration range of 70.68 – 491.17 mg/L for ACK and 156.75 – 495.24 mg/L for ASP, while saccharin was 
found in only one sample, at a concentration of 117,97 mg/L. Székelyhidi et al. [39], also obtained a wider 
concentration range of ACK (16 – 238 mg/L), aspartame (42.2 – 490 mg/L) and SS (12.3 – 86.0) in sugar-free 
beverages. Jankulovska et al. [41] detected a range of acesulfame K concentrations from 30.32 to 148.37 mg/L, 
which values are similar to this study, and also the wider range of concentrations for ASP (6.06 – 512.72 mg/L) 
and SS (16.10 – 93.05 mg/L) in beverages.  
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Table 6. Concentration (mg/L) of the analytes in the analyzed non-alcoholic beverage samples  

Samples Declared additives 
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L
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S1 (refreshing 
carbonated cola drink)  

Caffeine ND* ND 94.97 ND ND ND 

S2 (refreshing 
carbonated cola drink) 

Caffeine ND ND 92.96 ND ND ND 

S3 (refreshing 
carbonated pear flavor 
drink) 

E211, E202 ND ND ND ND 44.63 33.08 

S4 (refreshing 
carbonated orange 
juice) 

Potassium sorbate ND ND ND ND ND 207.62 

S5 (refreshing 
carbonated lemon juice) 

Potassium sorbate ND ND ND ND ND 213.87 

S6 (refreshing 
carbonated tonic drink) 

/ ND ND ND ND ND ND 

S7 (iced peach tea with 
black tea extract)  

/ ND ND 37.37 ND ND ND 

S8 (peach and apple 
fruit nectar)  

/ ND ND ND ND ND ND 

S9 (100 % orange juice) / ND ND ND ND ND ND 
S10 (refreshing non-
carbonated, low-energy 
isotonic sports drink 
with lemon, grapefruit 
and orange flavor) 

Acesulfame K, 
Aspartame 

46.11 ND ND 30.22 ND 216.55 

S11 (refreshing non-
carbonated isotonic 
sports drink with 
grapefruit and lemon 
flavor) 

Sodium benzoate, 
Potassium sorbate 

ND ND ND ND 123.12 71.60 

S12 (natural mineral 
sparkling water) 

/ ND ND ND ND ND ND 

S13 (energy drink with 
coffee, taurine and 
vitamins, contains a 
source of phenylalanine, 
carbonated) 

Acesulfame K, 
Caffeine  
(max 40 mg/100 mL), 
Aspartame 

139.23 ND 369.17 64.05 ND ND 

S14 (energy drink with 
high caffeine content, 
carbonated) 

Caffeine  
(max 32 mg/100 mL),   
Sodium benzoate, 
Potassium sorbate 

ND ND 252.89 ND 124.97 180.11 

S15 (energy drink with 
bubble gum flavor, high 
caffeine content, 
contains a source of 
phenylalanine, zero 
sugar)  

E950, E954, E211, 
E202, Caffeine  
(max 32 mg/100 mL), 
 Aspartame 
 

178.72 74.28 283.47 88.03 97.55 120.63 

S16 (refreshing energy 
drink with sweeteners, 
high caffeine content, 
contains a source of 
phenylalanine, zero 
sugar) 

Acesulfame K, 
Sodium saccharin, 
Caffeine  
(max 32 mg/100 mL), 
Sodium benzoate,  
Aspartame 

39.05 79.63 279.83 101.74 121.38 ND 

ND* – not detected 
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Fig. 4 Chromatogram of sample 15 under optimized chromatographic conditions at 195 nm 
 
Lino et al. [56] detected acesulfame K with an average concentration of 72, 48 and 128 mg/L in soft 

drinks, mineral water-based soft drinks, and nectar samples, respectively, while the content of ASP was ranged of 
73 – 89 mg/L in soft drink samples. The obtained results for SS were similar to those obtained by Dossi et al. [55] 
in diet orange-flavored juice sample at a concentration of 79.1 mg/L.  

Caffeine was detected in cola drinks (S1, S2) with similar values and average concentration of 93.96 
mg/L, and also, in all analyzed energy drinks (S13 - S16) which contained significantly higher concentrations 
(252.89 mg/L – 369.17 mg/L). The caffeine concentrations were in accordance to declared data, which is in line 
with the requirements for labeling of products with high caffeine content according to Regulation (EU) No 
1169/2011 [32]. Also, although caffeine is not declared, caffeine content was detected and determined in a sample 
of iced tea containing black tea extract and it was found to be 37.37 mg/L. Its presence is due to the fact that 
caffeine is naturally present in black tea [57]. Given that this amount of caffeine is low, its inclusion in the 
declaration is not mandatory. Aşçı et al. [58] determined a caffeine concentration of 142.20 mg/L in an energy 
drink, and on the other hand, Mazdeh et al. [59] obtained significantly higher caffeine content in sports drinks 
ranged 293.40 – 607.32 mg/L, while no caffeine was detected in sport drink samples in this study. The values for 
caffeine in energy drinks detected by Jankulovska et al. [42] (269.8 – 323.1 mg/L) are comparable to obtained 
results in this study. 

The most common additives in soft drinks are preservatives, which were detected in 50 % of soft drinks, 
including drinks with not added additives. PS was found in 7 and SB in 5 samples, of which in 4 drinks these 
preservatives were present together. The determined concentrations ranged from 44.63 to 124.97 mg/L for sodium 
benzoate and from 33.08 mg/L to 216.55 mg/L for potassium sorbate, which is in accordance with the MPL [26]. 
However, despite not exceeding the MPL value for PS in one sport drink sample (S10) the concentration of PS 
was determined at 216.5 mg/L, but the presence of PS was not indicated on the declaration, which indicates an 
inadequate labelling or insufficient transparency in the declaration process, which is a violation of the standard of 
consumer information [32]. For comparison, Székelyhidi et al. [39] determined concentrations of sodium benzoate 
in the range of 22.2 to 150 mg/L and 49.7 – 278 mg/L for potassium sorbate in sugar-free beverages. Additionally, 
Jankulovska et al. [42], obtained concentrations of 116.91 – 172.92 mg/L for sodium benzoate and 73.12 - 219.01 
mg/L for potassium sorbate in sports drinks. 

The obtained results revealed that the determined concentrations of all analytes were in accordance with 
the MPL [26], but in one sample (S10) non-compliance with the declared data on the label was observed as 
specified in Regulation (EU) 1169/2011 [32], where the presence of sorbate was not indicated. 

The obtained results confirmed that the developed RP-HPLC method is suitable for the simultaneous 
determination of artificial sweeteners, preservatives, and caffeine in complex beverage matrices. The method 
demonstrated good applicability, selectivity, repeatability and accuracy providing reliable quantification of the 
investigated analytes in commercially available non-alcoholic beverages in about 4.5 min.  
 
5. CONCLUSIONS 

 

This study describes the development and validation of a rapid and reliable RP-HPLC method for the 
simultaneous determination of acesulfame K, sodium saccharin, caffeine, aspartame, sodium benzoate, and 
potassium sorbate in non-alcoholic beverages. Optimal chromatographic separation was achieved using a 
Poroshell 120 EC-C18 column (50 × 3.0 mm, 2.7 μm) and isocratic elution with a methanol/phosphoric acid 
solution (pH = 3.8) mobile phase (20:80, V/V). Under the optimized chromatographic conditions, all analytes were 
successfully separated within 4.5 min. 
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Method validation confirmed satisfactory selectivity, linearity, accuracy, precision, robustness, as well as 
low LOD and LOQ values, demonstrating that the proposed RP-HPLC method is suitable for rapid and 
simultaneous analysis of the selected additives and caffeine in beverages. The applicability of the method was 
verified through the analysis of 16 commercially available non-alcoholic beverages, including carbonated and non-
carbonated drinks, fruit juices, iced teas, energy drinks, and sports drinks. 

The obtained results indicate that the developed method is appropriate for routine quality control and 
monitoring of additives and caffeine in beverage samples. Future studies may evaluate the applicability of the 
method to more complex food matrices, which would require additional validation. 
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