
CONCLUSIONS 
• Methods may be accelerated by using the performance of sub-2um particles in short packed columns in combination with the flow and pressure 

capabilities of the Vanquish Flex system. 

• Increased method throughput has been achieved with a significant reduction in cost per sample, when compared to legacy applications, for 

beverage analysis. 
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Figure 1. Chemical structure of rebaudioside A and stevioside 

Aaron Lamb (1), Tim Liddicoat (1), Ken Meadows (1), Derek Hillbeck (1), Brian King (1), Jon Bardsley (1), Joanne Jones (1), Susanne Fabel (2), Mauro DePra (2).  
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Accelerating methods in beverage analysis by UHPLC 
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Steviols 

 

Method acceleration 

Using a 3µm particle size column the method required 7.5 minutes for elution of the last peak with only partial resolution of two components. 

By using the Thermo Scientific™ Syncronis  HILIC 1.7 µm UHPLC column and changing to this shorter method, the final peak elutes in 1.7 

minutes with all peaks resolved. This increases throughput more than twelve-fold with an eight-fold decrease in mobile phase costs (Figure 

6). The HILIC method allowed a final method to resolve all the test compounds in a 2 minute method cycle time. 

 

Figure 6. Method comparison of original and optimized methods for analysis of Steviol Sweeteners showing increased resolution, 

significant savings in time and solvent use. 

 

 

 

Dyes 

Sample analysis 

Full resolution of all ten dyes was achieved within approximately two minutes on the Vanquish Flex system using a Hypersil GOLD Vanquish column 

(Figure 3). All components had >= 1.5 resolution which according to EP guidelines considers two species baseline resolved. All calibration curves R2 

values were found to be = 0.99. n = 6 injections of a 5 µg/mL mixed dyes standard.  Excellent spiked recoveries were observed in each sample for all ten 

dyes of >80% for all ten dyes with a majority showing >95%. Detection was aided by the greater sensitivity of the Lightpipe technology flow cells giving 

best  signal-to-noise (S/N) performance through the combination of lowest baseline noise, a very long light path, and minimum peak dispersion. 

 
Impact of Wavelength programming 

The peak heights and response were significantly higher for many components using wavelength switching (Figure 4). A significant enhancement in 

method sensitivity can be achieved by utilising this feature of the detector software which can significantly lower detection limits by up to ~10 fold for 

certain compounds. 

This allowed to resolution of two dyes with Rs of >1.5 with the identification of New Coccine, which is banned for use in the United States and some other 

countries but allowed in Europe and some other markets. 

 

Figure 4. Method comparison of original and optimized methods for analysis of Food Dyes with improved sensitivity. 
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How was the method optimized?

Original method
Vanquish Flex Binary

Acclaim PAII, 3.0 µm x 75 mm x 3.0 mm 

A: 20mM (NH4)2HPO4, pH 8.8 in water 

adjusted with 8N NaOH

B: 20mM (NH4)2HPO4, pH 8.8 in water 

adjusted with 8N NaOH: MeCN (50:50, v/v)

0.7 mL/min

Time (min) A% B%

-5.0 88.0 12.0

3.5 0.0 100.0

4.5 0.0 100.0

4.6 88.0 12.0

Column temperature: 30 °C (still air)

Injection volume: 3 µL

UV detection: 254 nm

Mixer:400 µL

1=Tartrazine, 2=Indigo carmine, 3=New 

coccine, 4=Sunset yellow FCF, 5=Fast 

green FCF, 6=Eosin Y, 7=Erythrosine, 

8=Phloxine B and 9=Bengal rose B, 

10=Amaranth* 

Optimized method
Vanquish Flex Binary

Hypersil Gold Vanquish C18 1.9 µm x 50 

mm x 2.1 mm 

A: 20mM (NH4)2HPO4, pH 8.8 in water 

adjusted with 8N NaOH

B: 20mM (NH4)2HPO4, pH 8.8 in water 

adjusted with 8N NaOH: MeCN (50:50, v/v)

0.6 mL/min

Time (min) A% B%

-3.0 95.0 5.0

1.5 0.0 100.0

2.2 0.0 100.0

2.3 95.0 5.0

Column temperature: 40 °C (still air)

Injection volume: 2 µL

UV detection: 254 nm

Mixer:400 µL

• Column chemistry: α (Selectivity) = Maintained >1.5 EP Rs

• Decreased particle size: N (Efficiency) = Faster separation

• Wavelength switching used (Instrument): (Sensitivity)

Rapid analysis with 1.9 µm Vanquish C18 particle
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How was the method optimized?

Original method

Vanquish Flex Binary

Acclaim Trinity P1, 3 µm, 100 mm x 2.1 mm 

10 mM ammonium formate pH 3.0: 

acetonitrile (19:81 v/v) 0.30 mL/min

Column °C: 20, forced air

Injection volume  5 µL 

UV detection: 210 nm

Mixer: 400 µL

1=Ducleoside A, 2=Stevioside, 

3=Rabaudoside C, 4=Steviobioside, 

5=Rebaudioside A and 6=Rebaudioside B

Optimized method

Vanquish Flex Binary

Syncronis HILIC, 1.7 µm, 100 mm x 2.1 

mm

10 mM ammonium formate pH 3.0: 

acetonitrile (15:85 v/v) 0.8 mL/min

Column °C: 20, still air

Injection volume: 2 µL*

UV detection: 210 nm

Mixer: 400 µL

Original

Optimized

• Chemistry: α (Selectivity) = Better separation

• Particle size reduced: N (Efficiency) = Faster separation

• Thermostatting: α + N (Selectivity & Efficiency)

1.7 µm particle + alternative column chemistry = FAST RESOLUTION
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Increase sensitivity 

up to 10-fold!

Enter in Chromeleon CDSIdentify wavelength

Further optimization through wavelength switching

Increase response

Peak Compound

Time 

(min)

Wavelength 

(nm)

1 Tartrazine 0.000 426

2 Indigo carmine 0.980 287

3 New coccine 1.125 217

4 Sunset yellow 1.250 235

5 Fast green 

FCF

1.425 620

6 Eosin Y 1.628 520

7 Erythrosine 1.700 529

8 Phloxine B 1.875 544

9 Bengal rose 2.050 554

10 Amaranth 0.690 217

10 x S/N increase for Fast Green FCF
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How was the method optimized?

Original method
Vanquish Flex Binary 

Weak anion exchange column, 5 µm, 150 

mm x 4.6 mm

120 mM potassium dihydrogen 

phosphate pH 3.0 adjusted with MSA / 

acetonitrile (45:55 v/v) 1.5 mL/min

Column temperature: 30 °C, still air

Injection volume  5 µL 

UV detection: 210 nm

Mixer: 400 uL

1=Caffeine, 2=Aspartame, 3=Sorbate, 

4=Benzoate, 5=Citrate, 6=Acesulfame, 

7= Saccharin

Optimized method
Vanquish Flex Binary 

Acclaim Organic Acid Column 3.0 µm 

150 mm x 2.1 mm

A: 100 mM potassium dihydrogen 

phosphate pH 3.0 adjusted with MSA

B: Acetonitrile 0.6 mL/min

Column temperature: 50 °C, still air

Time (min) A% B%

-2.9 95 5

5 75 25

7 75 25

7.1 95 5

Preheater: 50 °C 

Injection volume: 5 µL

UV detection: 210 nm

Mixer:400 µL

• Column chemistry: α (Selectivity) = Better separation and peak shape

• Decreased particle size : N (Efficiency) 

• Thermostatting / gradient: α + N

Column chemistry + reduced particle size =  BETTER RESOLUTION
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Faster separation

ABSTRACT  

Optimization of Ultra-High Performance Liquid Chromatography (UHPLC) methods for Food and Beverage analysis is necessary to ensure that; 

manufacturers comply with strict new nutritional labelling requirements, regulators can identify adulated products and manufactures can substantiate 

product health benefit claims by identifying and quantifying certain components. Many food and beverage based assays are currently performed by 

High Performance Liquid Chromatography (HPLC) however in the modern laboratory the move towards UHPLC can greatly increase throughput 

lowering the time and cost of analysis whilst maintaining or improving the quality of separation. In this poster we demonstrate rapid UHPLC 

applications for targeted screening of additives in drinks such as  food dyes and natural sweeteners such as steviol glycosides.  We also focus on 

utilizing the capabilities of modern UHPLC instrumentation, alternative column chemistries and small particle technology to increase method 

reproducibility, sensitivity and speed of resolution. In the case of the steviol glycoside application we demonstrate a decrease in method time from 7 

to 2 minutes by switching to the highly efficient UHPLC 1.7 µm particle size boosting throughput by up to 300%. In the case of  dyes in soft drinks we 

demonstrate the use of innovative Thermo Scientific™ LightPipe™  technology in conjunction with wavelength switching to boost sensitivity by up to  

ten times. 

 

INTRODUCTION 
Over the last decade there has been a growing interest in low-calorie alternatives to carbohydrate-based sweeteners. Recent publications have 

shown a dramatic increase in attention toward natural extracts including the Stevia rebaudiana plant, not only for its sweetening effect but also for 

additional health benefits attributed to the plant.   

The major sweetening components are stevioside, rebaudioside A, rebaudioside C, and dulcoside A, each of which is over 300 times sweeter than 

sucrose-based sweeteners. Because of this, they are widely used in beverages and foodstuffs.   

The chromatographic separation is difficult as they are structurally very similar (Figure 1) differing only in the number and configuration of the 

satellite glucose units.  Because of these they are very polar implying that analysis by reverse phase HPLC can be particularly challenging. This 

method demonstrates the full resolution of six steviol glycosides using an alternative HILIC-based method. 

 

The analysis of food dyes in carbonated beverages is important as many are either banned substances or are being phased out in certain markets 

due to their reported adverse health effects. Being able to identify and quantify food dyes in beverages quickly and with high sensitivity is therefore 

of importance to food safety laboratories.  

 

The Thermo Scientific™ Vanquish Flex UHPLC system platform, with its binary high pressure mixing, allows short gradients. The additional benefit 

of Thermo Scientific™ SmartInject technology resulted in unsurpassed sample dosage and retention time precision providing the user with greater 

data confidence and more freedom in method development and application transfer.  

 

The Thermo Scientific™ Hypersil GOLD™ VANQUISH™ 1.9μm particle size is a high performance, reversed-phase column with excellent 

resolution, efficiency and sensitivity. These columns feature a patented surface chemistry that incorporates end capped, ultra-pure silica based 

columns providing significant reduction in peak tailing whilst retaining C18 selectivity. 

 

Reversed-phase chromatography is an excellent technique for the analysis of dyes. Many dyes are hydrophilic and therefore readily soluble in 

reversed phase eluents and have strong visible and UV absorbance properties. This method demonstrates the separation of ten dyes, both 

approved and illegal, that can be found in soft drinks by using UHPLC with UV detection with and without wavelength switching to maximize method 

sensitivity. 

 

The separation of common additives has been carried out using mixed mode columns such as the Thermo Scientific™ Acclaim™ WAX but 

substitution of a Thermo Scientific™ Acclaim™ Organic Acid (OA) column allowed a shift of key compounds with the organic acids showing greater 

retention with the robust reverse phase bonding. 

Figure 2. Chemical structure of tartrazine, sunset yellow and new 

coccine 

MATERIALS AND METHODS 
Sample Preparation-Drink additives 

Solutions of the seven food additives in Figure 3 were prepared by dissolving the solid compound in water to produce primary solutions. A mixed 

stock solution containing all compounds at a level of 20 times the top linearity standards was then prepared in 50mL of deionized water. Lower 

level concentrations varied between 2 µg/mL and 60 µg/mL (Caffeine and Citrate) as shown in Table 1. 

Sample Preparation – Dyes 

Solutions of the ten dyes shown in Figure 4 were prepared by dissolving a known amount in water to produce 1 mg/mL primary solutions. A mixed 

spiking solution was also prepared in deionized water at 100 ug/mL to spike into the sample solutions at 5 ug/mL to assess recoveries.  

Sample Preparation – Steviol glycosides 

Solutions of the six compounds in Figure 6 were prepared by dissolving a known amount in mobile phase to produce 2 mg/mL primary solutions 

(rebaudioside C was prepared at 1 mg/mL). A mixed standard solution and individual working standards were used to assess method 

development and were prepared in mobile phase at a concentration of 0.2 mg/mL  

RESULTS 
Additives 

The original legacy method utilized 5µm Mixed Mode packing material which was showing difficulty in quantifying the citrate preservative. With the 

conversion to an Acclaim OA column full resolution of all seven food additives (>1.5 EP resolution) was achieved within approximately six minutes 

on the Vanquish Flex system platform using the Acclaim OA column. 

The elution order was significantly changed by the column selectivity  with citrate, acesulfame and saccharin eluting more quickly with enhance 

peak shapes and improved %RSD for area and retention time. 

Figure 3. Method comparison of original and optimized methods for analysis of beverage additives 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• The recovery and reproducibility of the citrate peak is enhanced while recovery of all additives from beverage samples is maintained at 100%. 

• Overall retention is reduced by 13% with a 65% reduction in mobile phase consumption. 

 

 

 

Figure 5. Use of wavelength programming to give analysis of Food Dyes with improved sensitivity. 

Analyte  Citrate Acesulfame 

 

Saccharin 

 

Caffeine 

 

Aspartame 

 

Sorbate 

 

Benzoate 

 

µg/mL  60 20 6 2 6 10 10 

Table 1. Mixed lower linearity standard composition 


