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ABSTRACT  
 

The main objective of current study to validate a simple and accurate HPLC method for the separation 
and determination of  Acesulfame – K, Aspartame, Saccharin and caffeine in clear juice and carbonated 
beverage. This method performance was tested on two varieties of samples. The average recovery of synthetic 
sweeteners from different concentration levels (25 – 500 mg/L) varied between 80 % and 98 %. The 
reproducibility expressed as relative standard deviation was less than 12 %. The method was showed to be linear 
from 5 µg/ml up to 200 µg/ml standard level. The limit of quantitation was 25µg/L. The measurement 
uncertainty in terms of expanded uncertainty and expressed as relative standard deviation (at 95 % confidence 
level and coverage factor of k = 2) was in the range of ±30 % .Twenty eight samples were analyzed for synthetic 
sweeteners and caffeine no samples exceeded the maximum limit. 
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Introduction 
 

Synthetic sweeteners are substances that used for sweeten food and beverages. They are generally 
considered to be any sweetener that may use in the place of regular table sugar (sucrose). They are intensely 
sweet ranging from 30 to 3000 times sweetness of sucrose. Their use is becoming more popular as consumers 
are increasingly concerned about obesity and dental decay caused from consuming natural sugars. In addition, 
artificial sweeteners are ideal for use by people suffering from diabetes.  
 Acesulfame potassium, saccharin and aspartame are all commonly used artificial Sweeteners, are 
widely used in the juice, food, beverage and confectionery around the world. Because of higher consumer 
demand and acceptance of low calorie products, the market for synthetic sweetened food will continue to grow. 
The use of sweeteners in food is strictly controlled by legislation and harmonized across the European Union 
and Codex Alamentarious. Caffeine is classified by the Food and Drug Administration as generally recognized 
as safe (GRAS), its common consumption, below 400 mg per day (Zucconi et al., 2013), has low health risk or 
even its protective effects against some diseases, including Parkinson disease (Prediger 2010), and certain types 
of cancer have been reported (Uccella et al., 2013 and  Miura et al., 2014). 
 The use of simple methods were the most efficient to reduce analysis costs and turnaround time. Many 
methods had been developed for determination of synthetic sweeteners in food stuff. Analytical methods for the 
determination of synthetic sweeteners include spectrophotometric methods (Ni et al., 2009), which need 
extensive extraction procedures and are not very specific, Capillary Electrophoresis and chemometry ( 
Herrmannov  et al., 2006; Cantarell et al., 2008 and  Limas  et al., 2008), but they have sensitivity problems. 
The most popular choice for the determination of additives is high-performance liquid chromatography (HPLC)  
(Zhu  et al., 2005; Wasik  et al., 2007; Yang et al., 2009 ; Serdar  et al., 2011; Zygler  et al., 2011 ; Małgorzata 
et al., 2014 and  Paweł Kubica et al,. 2015) , which has a high specificity , minimum sample preparation and 
does not require derivatization.  
 The aim of this work is to validate a method which covers the different ranges of maximum level 
according to both Eu (350, 600, 80 and 320 µg/mL for Acesulfame K, aspartame, saccharin and caffeine 
respectively) and Codex Alamentarious (600 µg/mL for Acesulfame K, 600 µg/mL for aspartame and 300 
µg/mL for saccharin) in clear juice and carbonated beverage. 
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Material and methods 

Apparatus 
Chromatographic analysis was carried out using High performance liquid chromatography Agilent 

1200 series equipped with , quaternary pump (G1311A), vacuum degasser (G1322), auto sampler (G1313), 
photodiode array detector (G1315C), analytical column: supleco C18 5µm × 150× 4.6 mm; or similar quality, 
software: Chemistation for LC, Rev. A. 09.03 [1417], Laboratory balance, capable of weighing to 0.1 mg, 
ministart RC 15 syringe filter (0.45 µm) Sartorius, 50 mL plastic tubes with sealing cap, volumetric flasks  25, 
50,100, 250, 500 and 1000 mL capacity, pipettes 1, 5, 10, 20, 25, 100 mL, micropipette 1000 µL, graduated 
cylinder 1000 mL, ultrasonic bath, disposable syringe, centrifuge (Labofuge 400 function line), A pH-meter 
(Thermo) equipped with a combined glass–calomel electrode was employed for pH measurements. 
Reagents 

All chemicals were of high purity or HPLC grade, they include: de-ionized water generated by Milli-Q 
A10 FOCN53824k, methanol, acetonitrile, potassium dihydrogen phosphate and phosphoric acid. 
 Phosphate Buffer solution – (KH2PO4 0.0125 mol / liter, pH = 3.5. prepared by dissolving 1.71 gm 
potassium dihydrogen phosphate in 800 ml of de-ionized water in a 1000 ml beaker. Phosphoric acid used to 
adjust the pH of solution to pH 3.5. The solution was transferred to a 1000 ml vol. flask and completed to mark 
with de-ionized water. 
Preparation of standards 

500 µg/ml mixture solution of Acesulfame - K, Aspartame, Caffeine and Saccharin were prepared in 
De-ionized water and store in small portions 25 volumetric flask in +4 °C. 

Calibration solutions: 10, 50,100 and 200 µg/ml were prepared by diluting the solution mixture from 
500 µg/ml standard solution and diluted with de-ionized water to 1 ml.  
Samples Preparation 
 Clear Juice and carbonated beverage (e.g. lemonades, apple juice) 

 Five mL of clear liquid (or carbonated beverage after degassing) products were taken in 25 mL 
volumetric flask; completed to mark with deionized water. The volumetric flasks were shaking well then filter 
through a membrane of pore size 0.45 µm before injection.  
 
Chromatographic conditions 

Solvent A was a buffer solution – (KH2PO4 0.0125 mol / liter, pH = 3.50), solvent B is acetonitrile, solvent 
C was methanol and solvent D was de-ionized water. The flow rate was set at 1 mL/min and the injection 
volume was 20µl. In gradient elution analysis, the initial mobile phase was 92% of solvent A, 3% of solvent B 
and 5% of solvent C for 2 min., increased linearly to 60% of A, 35 % of B and 5% of C in 8 min., and held for 2 
min, turned to 50% of B and 50% of D for 3 min and finally goes back to 92% of solvent A, 3% of solvent B 
and 5% of solvent C for 5 min. Photodiode array detection for Aspartame, Saccharin, Caffeine at 217 nm and 
227 nm for Acesulfame – K .wavelength 220 nm for all. Under these conditions all the peaks well separated as 
showing in Figure (1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1. HPLC Chromatogram for synthetic sweeteners in certified reference material. 

min0 1 2 3 4 5 6 7 8 9 

mAU

0

  

    

min0 1 2 3 4 5 6 7 8 9 

mAU

0

  

  
 

 

min0 1 2 

7 8 9 

mAU

0

50

7.851  

7.851  

7.851  

7.851  

Caffiene 7.851  
Aspartam 8.892  

8.892  

8.892  

Scharine 5.804  

 5.804  

 5.804  

3.497  

Acesulfame – K 

3.497  

3.497  

DAD1 A, Sig= 217  

DAD1 B, Sig= 227  

DAD1 C, Sig= 220 

DAD1 D, Sig= 270  

DAD1 E, Sig= 285  

3 4 5 6 7 8 9

mAU

0 
100 

 

    

min 0 1 2 3 4 5 6 7 8 9

mAU

0 

 

 

min 0 1 2 3 4 5 6



Middle East J. Appl. Sci.., 5(2): 567-572, 2015 

569  

Results and Discussion 
 

In-house method validation: The selected parameters for in-house validation were mainly taken from 
Eurachem guideline on method validation (Eurachem Guide, 1998). 
 
Method validation 
Method Linearity 
The range of analyte concentrations over which the method may apply determined by injection of five 
concentration levels (calibration solutions). The lowest calibration level found to be 5µg/ml and the highest 
calibration level was 200µg/ml. The correlation coefficient found to be greater than 0.99. Five levels 5, 10, 
50,100 and 200µg/ml are usually used for calibration. 
 
Limit of detection (LOD) and Limit of quantitation (LOQ) 

The lowest practical limit of quantitation was estimated by using six repeated spiked samples at about 
the expected lowest quantitation level on clear Juice and carbonated beverage samples. The limit of detection is 
estimated as three times standard deviation at lowest acceptable concentration (25 µg/ml) measured once each, 
this approach assumes that a signal more than 3s above the sample blank value could only have arisen from the 
blank much less than 1% of the time, and therefore is likely to have arisen from something else, such as the 
measured. The obtained results for the LOD and LOQ are shown in Tables 1. 
 
Table 1. Limit of detection for sweeteners and caffeine in two different matrices. 

 Clear Juice Carbonated beverage 

 
Recovery %  at 
LOQ 

Standard 
deviation 

LOD 
(µg/mL) Recovery %  at LOQ 

Standard 
deviation 

LOD 
(µg/mL) 

Acesulfame-K 95 0.57 1.71 85 2.39 7.17 
Saccharin 94 0.61 1.83 84 2.28 6.84 
Caffeine 85 0.6 1.8 80 1.51 4.53 
Aspartame 81 0.77 2.31 82 0.85 2.55 

     
Method Recovery 

Method recovery was checked by making recovery tests at different three levels of 25, 200 and 500 
µg/ml on synthetic sweeteners and caffeine samples. The following table shows accepted recovery for the 
different two levels (Table 2). 
 
Table 2: Recovery percentage and coefficient of variation (CV) at two concentration levels.    

 Clear Juice Carbonated beverage 

 25 

µg/mL 

CV% 200 

µg/mL 

CV% 500 

µg/mL 

CV% 25 

µg/mL 

CV% 200 

µg/mL 

CV% 500 

µg/mL 

CV% 

Acesulfame – K 95 2.4 92 9.8 95 3.2 85 11.3 93 3.6 97 4.9 

Saccharin 94 2.6 92 9.2 96 3.2 84 10.9 94 3.5 98 4.7 

Caffeine 85 2.8 94 10.1 97 3.2 80 7.6 95 3.6 98 4.7 

Aspartame 81 3.8 92 10.3 95 3.2 82 4.1 93 3.6 97 4.7 

 
Accuracy  

Accuracy expresses the closeness of a result to a true value. Accuracy was expressed in terms of two 
components: “Trueness” and “Precision”. 

The method trueness was tested using FAPAS Proficiency test (PT).  Table (3) shows satisfactory 
results for all compounds. 

 
Table 3: Accepted z-scores for synthetic sweeteners and caffeine in FAPAS (FERA, UK). 

Round No. Soft drink Assigned value (mg/L) Z-Score 
Found 
(mg/L) 

Remark 

391 Acesulfame – K  96 -0.9 89 Satisfactory 
391 Saccharin  59 0.5 61.5 Satisfactory 
391 Caffeine 32.6 -0.8 30 Satisfactory 
396 Aspartame 311.5 1.1 334.8 Satisfactory 

 
Method Precision 

The two most common precision measures are (repeatability) and (reproducibility).The repeatability 
experiments were performed with; at least ten replicates of real additive in contaminated samples by the same 
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operator, same apparatus, same method and short intervals of time.  Table 4 shows the results of repeatability 
experiments. 
 
Table 4:  The results of the repeatability experiments 

Replicate Number 
Acesulfame-K 
Concentration  

(µg/ml)  

Aspartame 
Concentration  

(µg/ml)  

Caffeine Concentration  
(µg/ml)  

1 89.5 399.5 126.5 
2 88.5 395.5 125.5 
3 81.5 364 114.5 
4 85.0 378.5 120.0 
5 89.5 398 126.0 
6 88.0 391.5 124.0 
7 86.5 386.5 122.0 
8 83.0 372 117.0 
9 85.5 379.5 120.0 

10 88.5 395.5 125.0 
Mean= 86.5 386.05 122.05 

Sd= 2.76 12.09 4.09 
RSDr% 3 3 3 

Repeatability limit(r) = (for 95% confidence level) 0.088 0.087 0.093 

 
In this study intra-laboratory reproducibility will only be considered, spiked samples are analyzed by different 
analysts on several days. Reproducibility as relative standard deviation for Saccharin acid is 12 %, Caffeine is 
11%, Aspartame is 12% and Acesulfame-K is 9%. Reproducibility experiments are shown in the following 
Table 5. 
 
Table 5:  The results of the reproducibility experiments. 

Replicate Number Saccharin (µg/ml)  Caffeine (µg/ml)  Aspartame (µg/ml)  Acesulfame-K (µg/ml)  

1 41 49.0 38 44 
2 51 47.0 48 54 
3 51 40.0 43 51 
5 52 52.0 44 51 
6 52 51.5 44 51 
7 49 44.0 46 50 
8 48 39.0 45 52 
9 58 42.34 48 54 

10 57 50.5 40 59 
Mean 42 47.0 38 41 

Sd 50.764 45.605 44.106 50.416 
RSR% 0.120 0.110 0.115 0.086 

Reproducibility limit (R) 12 11 12 9 

 
Measurement Uncertainty 
 Eurachem guideline on quantifying uncertainty in analytical measurements was applied (Eurachem 
Guide, 2012). 
 Uncertainty Parameters associated with the result of a measurement that characteristic the dispersion of 
the values that could reasonably be attributed to the measured. The parameter may be, for example, a standard 
deviation (or a given multiple of it), or the width of a confidence interval. In estimating the overall uncertainty, 
it may be necessary to take each source of uncertainty and treat it separately to obtain the contribution of each 
source. Each of the separate contributions to uncertainty is referred to as an uncertainty component. When 
expressed as relative standard deviation an uncertainty component is known as relative standard uncertainty. 
The total uncertainty combined standard uncertainty, equal to the positive square root of the sum of the squares 
of the individual uncertainty components. For most purposes in analytical chemistry, an expanded uncertainty 
should be used. The expanded uncertainty provides an interval within which the value of the measurand is 
believed to lay a higher level of confidence. Expanded uncertainty is obtained by multiplying the combined 
uncertainty, by a coverage factor k, for confidence level of 95% k is 2 and found to be less than 30%. 

Standard Preparation uncertainty = 0.7% 
Bias uncertainty = 0.2% 

Precision uncertainty = 10.8% 

Combined  uncertainty= 14.8% 

Expanded uncertainty = 30% 
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Monitoring 
The monitoring study demonstrate the synthetic sweeteners and caffeine in 28 various samples 

collected from Egyptian marketing and the results obtained were compared with maximum limits established 
with EU and Codex Alimtarious regulations. 
 
Table 6: The monitoring of some synthetic sweeteners and caffeine in carbonated beverage and juices collected from 

Egyptian marketing. 

Kind of samples 
Number of 

sample 

Average 
Acesulfame K 

(mg/Kg) 

Average 
Saccharin 
(mg/Kg) 

Average 
Aspartame 
(mg/Kg) 

Average 
Caffeine 
(mg/Kg) 

Diet Carbonated beverage 6 62-88 - 395-561.5 109-121.5 
Ordinary Carbonated beverage 6 - - - - 
Carbonated beverage (Black) 7 - - - 33-104 
Juice 9 - - - - 

 
Conclusion 

In the present study, simple and rapid method was validated for determination of synthetic sweeteners 
and caffeine in juices and carbonated beverages. Satisfactory recoveries and precision were observed. The 
method accuracy was confirmed by satisfactory results obtained in two different PT rounds. The LOQ is fairly 
lower than the Eu regulation and codex maximum level, so that the proposed method could be used to control 
the levels of these collected Synthetic sweeteners and caffeine in drinks. The study found that all samples did 
not exceed the maximum limit. 
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