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Abstract

Evaluation of amino acids in Aminoven 10% and Vamin
18EF with UPLC using Waters AccQTag method

Fosia Dahir Jama

The aim with this project was to evaluate Waters AccQTag method which was an
analytical method that Waters Corporation provides for determination of amino
acids. The amino acid analysis was carried out by reversed-phase AQUITY UPLC
H-Class, using a BEH C18-column and a PDA detector. 
Both primary and secondary amino acids were analyzed after precolumn
derivatization with the AccQTag reagent kit by a manual procedure and, detected at
260 nm. Fresenius Kabis existing products, Aminoven 10 % and Vamin 18EF were
used as samples. The evaluation was based on external calibration curves with
prepared standard solutions from Fresenius Kabi, with the addition of the internal
standard L-Norvaline. Waters amino acid standard was used for the system suitability
test. A validation according to the ICH guidelines were performed with the following
parameters: specificity, linearity, precision, LOQ, LOD and robustness.
Complementary parameters for system suitability test (SST) and stability of standard
and reagent were also evaluated. The validation showed that the % RSD values for
specificity, system suitability test and robustness were within the acceptance criteria
of equal or less than 3 % for amino acids. Although the precision were between
1.3-7.5 % which was higher than the acceptance criteria of equal or less than 3 %, this
was likely due to sensitive sample preparation. The linearity was bad which made it
impossible to quantify the method since the calibration curves were below 0.999. It
was concluded that the system was robust and can be used to analyze amino acids in
Aminoven 10 % and Vamin 18EF but the preparation step should if possible be
automatized to achieve better precision in the analytical work. Two amino acids,
cysteine and histidine, needs to be studied further; cysteine gave three peaks instead
of one and histidine gave a peak split at higher injection volume than 0.5 uL. 
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Populärvetenskaplig sammanfattning 
Fresenius Kabi är ett innovativt företag som utvecklar näringslösningar för patienter. Dessa 

näringslösningar innehåller aminosyror som måste analyseras på bästa sätt för att patienterna 

ska få i sig rätt innehåll. Under de senaste åren har många analytiska instrument tagits fram av 

olika leverantörer för att specifikt undersöka aminosyror. Detta har lett till att Fresenius 

beslutat sig för att pröva de olika instrumenten som finns för att kunna erhålla den bästa 

analysmetoden. De olika analysmetoderna som är av intresse för Fresenius Kabi är 

vätskekromatografi tekniker från Agilent Technologies och Waters Corporation samt 

aminosyraanalysator från Biochrom.  

 

Examensarbete utfördes på Fresenius Kabis forskning-och utvecklingsavdelningen och har 

målet att undersöka den vätskekromatografimetodik för aminosyror som Waters Corporation 

har utvecklat. Från Waters Corporation köps eluenterna A och B, Waters aminosyra 

standardlösning, derivatiseringskit, Ethyl bridged hybrid (BEH) kolonn, Waters aminosyra 

metod och mjukvaran Empower 3.0 (används för analys och utvärdering av resultaten), men 

högtryckssystemet lånas. De produkter som används för analys är Fresenius Kabis befintliga 

aminosyralösningarna Aminoven 10 % och Vamin elektrolytfri (EF). Högtryckssystemet som 

används kallas för ”ultra preformance liquid chromatrography (UPLC)”. Mer exakt så heter 

systemet AQUITY UPLC H-Class, där H-Class bara visar att det finns olika nivåer av 

AQUITY UPLC men det är H-Class som fungerar bäst vid aminosyraanalyser. Detta 

instrument består av tre delar: injektor, pump och UV-detektor. Alla kromatografiska metoder 

innefattar en rörlig fas (mobilfas) och en stationärfas (kolonn). Den rörliga fasen har i detta 

fall fyra olika mobilfaser som skapas med hjälp av de okända eluenterna A och B samt 

hyperrent vatten (MilliQ).  

 

Projektet går ut på att undersöka ifall Waters aminosyrametod går att använda på produkterna 
Aminoven 10 % och Vamin 18EF samt om man kommer att behöva göra någon form av 

optimering av aminosyrametoden, vilka för-och nackdelar finns med aminosyrametoden och 

vilka problem kan uppstå. Till detta utförs en komplett validering för att kontrollera närmare 

hur högtryckssystemet beter sig. Olika tester av robusthet, precision och reproducerbarhet 

görs. Validering innehåller acceptans krav som mäts i relativ standardavvikelse som används 

för att förstå hur reproducerbar metoden är.  

 

För att kunna undersöka aminosyrorna måste de genomgå en process som kallas för 

derivatisering, vilket innebär att man omvandlar den kemiska föreningen som aminosyran 

består av till en produkt med likande kemiska struktur det vill säga ett derivat. 

Detta gör man för att kunna detektera aminosyrorna vid våglängden 260 nm då man använder 

en ulraviolet (UV) detektor. Derivatiseringen görs manuellt innan analys med LC genom att 

blanda aminosyraprov och buffert för att nå pH mellan 8.2 och 10, annars kan inte 

derivatiseringen göras, därefter blandas lösningen. Därpå tillsätts reagenset ”Aminoquinolyl-

N-hydroxsuccinimidyl carbamate” (AQC) som ger aminosyraderivatet som kan detekteras 

med UV. Allt detta tillsätts i små vialer som därefter värms till 55
0
C i 10 min. De volymer 

som används är ytterst små, 110 μL/vial, vilket gör att provupparbetningen är känslig för 

pipetteringsfel. För att kunna följa analysen av produkterna så görs även standarder som 

innehåller samma aminosyror som produkterna fast i lägre och högre nivåer.  

 

Resultaten av valideringen visar att systemet är robust men att den manuella upparbetningen 

är känslig och bör jobbas på vidare med alternativ automatisera upparbetningen. Däremot 

visar valideringen problem kring aminosyrorna cystein och histidin, där cystein ger ifrån sig 



tre toppar då endast en topp skall ses och Histidin splittas vid högre injektionsvolymer än 0.5 

μl. 

 

Slutsatserna man kan dra av undersökningen är att fördelarna med Waters aminosyra-metodik 

är att upplösningen mellan topparna överstiger acceptanskravet 1.5, vilket innebär bra 

repeterbarhet i systemet, systemet är känsligt, proverna kan återanvänds då endast en liten del 

används vid varje analys, analystiden är kort (endast 10.20 min), lite lösningsmedel går åt vid 

varje analyskörning, kolonnen som används för separation av aminosyrorna håller länge, 

derivatiseringssteget kan automatiseras. Nackdelarna med metodiken är att det manuella 

steget av derivatiseringen tar lång tid vid många prover, högre risk för fel vid manuell 

upparbetning, allt pulver löser inte upp sig vid beredning av AQC-reagenset samt att 

eluenterna A och B är okända. Detta visar att systemet i sig är robust men upparbetningen bör 

automatiseras. En annan slutsats är att aminosyrorna cystein och histidin bör undersökas 

vidare då det är oklart varför cystein ger fler toppar då endast en topp skall ses samt att 

histidintoppen har en tendens att splittas vid hög injektionsvolym.  
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1. Introduction  

1.1 Background 

This master thesis project was performed at R&D, I&DC PN, Fresenius Kabi which are 

working mainly within the field of infusion therapy and clinical nutrition, therefore the amino 

acid analysis becomes very important. Fresenius Kabi has the production facility and the 

research development in Fyrislund, Uppsala and the quality control of raw material in Brunna, 

Stockholm. Currently there are two LC methods of interest available on the market, one from 

Agilent technology and another from Waters Corporation. Today the quality control 

department in Uppsala and Brunna uses the amino acid analyzer from Biochrom and R&D in 

Uppsala uses the LC system from Agilent. The analytical difficulties inherent simultaneous 

determination has lead to the search of new methods. Waters UPLC amino acid method was 

an untried method at Fresenius Kabi, where important parameters were robustness and 

reproducibility. 

 

Amino acid analysis is a classical analytical method and a powerful tool in life science that 

has been used since the early 1960s. Traditionally amino acid analysis has been performed 

using amino acid analyzer with postcolumn derivatization or liquid chromatography with 

precolumn derivatization [1]. Amino acid analysis has become a widely used method in fields 

such as protein science, physiology, food chemistry and pharmacology [2].  

Methods used for amino acid analysis are usually based on a liquid chromatographic 

separation of the amino acids present in the sample with mobile phase gradients. The amino 

acid has to be derivatizated to enable them to be detected with an ultraviolet-visable (UV) or 

fluorescence detector [3, 4]. 

 

The disadvantages with postcolumn amino acid derivatization are the long analysis time and it 

requires several micrograms of samples. Also that amino acid analyzer is only dedicated to 

amino acids while the LC system can analyze other substances than amino acids [5]. The 

analysis time takes approximately 120 min and the system requires high maintenance which 

makes the technology not suitable for clinical use, therefore the precolumn derivatization 

becomes an interesting alternative [1]. 

 

The amino acid analysis can use several types of derivatization reagents such as ninhydrin, 

orthophthalaldehyde (OPA), phenylisothiocyanate (PITC), 9-fluorenylmethyl-chloroformate 

(FMOC) and 6-aminoquinolyl-N-hydroxysuccinimidylcarbamate (AQC).  

Ninhydrin reacts with both primary and secondary amino acids [2]. The reagent OPA has the 

drawback that it only reacts with primary amino acids that are detected at 348 nm. PITC 

reacts with both primary and secondary amino acids to form phenylthiocarbamyl (PTC) 

derivates that can be detected at 254 nm. FMOC reacts with both primary and secondary 

amino acids to form very fluorescent products which are detected at 330 nm. [3] 

AQC reacts easily with both primary and secondary amino acids and gives stable 

unsymmetrical urea derivates, which are highly fluorescent and detected at 260 nm. When 

using AQC the derivated amino acids are created within seconds and the excess of the product 

gives 6-aminoquinoline (AMQ), CO2 and N-hydroxysccinamide (NHS). [6]  
 

Three types of techniques for amino acid analysis were of interest for Fresenius Kabi: amino 

acid analyzer, UPLC from Agilent technologies and UPLC from Waters Corporation. The 

amino acid analyzer uses a postcolumn derivatization with ninhydrin where the amino acids 

are detected with UV [2]. For the UPLC methods the amino acids are derivatized with AQC, 

OPA, FMOC or PITC before separation (precolumn) and detected with UV. Agilent’s 
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precolumn derivatization is a combination of OPA and FMOC so both primary and secondary 

amino acids can be derivatized [7]. Waters AccQ·Tag UPLC system provides a separation 

technology that gives a higher throughput, sensitivity and peak capacity than traditional high 

performance liquid chromatography (HPLC) systems [6]. The UPLC amino acid analysis 

application combines separation technology with AccQ·Tag derivatization chemistry. The 

AccQ·Tag method utilizes a patented precolumn derivatization reagent to produce 

fluorescently labelled amino acids for analysis [8]. This method is given from Waters Co. as a 

kit consisting of packaged and quality controlled column, mobile phases and reagents along 

with method documentation [9]. The method contains a very complex gradient with 11 

gradient profiles [10]. 

 

The goal with this project was to evaluate the analytical method Waters Corporation provides 

for determination of amino acids when using Fresenius Kabis amino acid products Aminoven 

10 % and Vamin 18 electrolyte free (EF). Aminoven 10 % and Vamin 18EF contains amino 

acids and are used as nutrition solutions for ill patients. 

The project was evaluating the advantages and disadvantages with the method including 

setting up of the system, learning the software for the LC system, evaluating the capacity, 

control and selectivity. The goal was also to investigate if an optimization of the amino acid 

method was required. An amino acid method developed by Waters Co. has been adapted to a 

matrix that Waters Co. has not used before, which means that this has required some analytic 

development and optimization. The matrix consisted of the company’s existing products 

Vamin 18 electrolyte free (EF) and Aminoven 10 % and the evaluation of the method has 

been based on the results from these analyses. Subsequently a validation according to the ICH 

guidelines was made from a written validation plan. The validation contained the following 

parameters: specificity, resolution, linearity within the measuring range, precision and 

robustness. This evaluation was part of a larger project to evaluate the different analytical 

techniques for amino acid analysis, where a comparison of Waters LC, Agilent LC and amino 

acid analyzer was to be made. 
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2. Experimental 

2.1 Chemicals 

All substances and chemicals used in this project have been summarized in table 1. 

 
Table 1. All substances and chemicals used and their suppliers. 

Compound Abbreviation Purity Supplier 

L-Alanine Ala > 99% Merck (1.01007.0100) 

L- Argininhydrochloride Arg > 99% Merck (1.01543.0250) 

L-Glycine Gly > 99% Merck (1.04201.0250 

L-Histidine His > 99% Merck (1.04351.0100) 

L-Isoleucine Ile > 99% Merck (1.05362.0100) 

L-Leucine Leu > 99% Merck (1.05360.0250) 

L-Lysine acetate Lys > 99% Sigma (L1884-100G) 

L-Methionine Met > 99% Merck (1.05707.0100) 

L-Phenylalanine Phe > 99% Merck (1.07256.0100) 

L-Proline Pro > 99% Merck (1.07434.0100) 

L-Serine Ser > 99% Merck (1.07769.0100) 

Taurine Tau > 99% Fluka (86330) 

L-Threonine Thr > 99% Merck (1.08411.0100) 

L-Tryptophane Trp > 99% Merck (1.08374.0100) 

L-Tyrosine Tyr > 99% Sigma (T3754-50G) 

L-Valine Val > 99% Merck (1.08495.0100) 

Aspartic acid Asp > 99% Aldrich (A9, 310-0) 

Glutamic acid Glu > 99% Acros (156211000) 

L-Cysteine Cys > 99% Merck (1.02838.0025) 

Norvaline Norv > 99% Sigma (N7627-5G) 

Borate buffer Borate > 99% Waters (186003836)   

AccQ∙Tag Ultra Eluent A Eluent A HPLC grade Waters (186003838) 

AccQ∙Tag Ultra Eluent B Eluent B HPLC grade Waters (186003839) 

Acetonitrile ACN HPLC grade Scharlau 

Waters AA Standard Waters AA Std - Waters (WAT088122) 

AccQ∙Tag Ultra reagent AccQ∙Tag Reagent grade Waters 

Purified water H2O MilliQ Millipore 

2.2 Sample specification 

The sample solutions Aminoven 10 % and Vamin 18 EF contain amino acids that are 

summarized in table 2. These two solutions are commercial products from Fresenius Kabi 

which are used for evaluating of the UPLC method from Waters Corporation. 
 

Table 2. Specification of Vamin 18EF and Aminoven 10 %.   

Compound Vamin 18EF (g/L) Aminoven 10 % (g/L) 

L-Alanine 16.0 14.0  

L- Argininhydrochloride 11.3 12.0 

L-Glycine 7.9 11.0 

L-Histidine 6.8 3.0 

L-Isoleucine 5.6 5.0 

L-Leucine 7.9 7.4 

L-Lysine acetate 9.0 9.3 

L-Methionine 5.6 4.3 

L-Phenylalanine 7.9 5.1 

L-Proline 6.8 11.2 

L-Serine 4.5 6.5 

Taurine - 1.0 
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L-Threonine 5.6 4.4 

L-Tryptophane 1.9 2.0 

Aspartic acid 3.4 - 

Glutamic acid 5.6 - 

L-Tyrosine 0.23 0.4 

L-Valine 7.3 6.2 

L-Cysteine 0.56 - 

2.3 Equipment 

Waters UPLC amino acid analysis was bought as a start kit that contains: 

AccQ∙Tag ultra chemistry supplies including column, Waters amino acid standard, reagent, 

eluent A and B that was quality controlled with the amino acid method developed by Waters, 

see [6]. 

2.3.1 Chromatographic equipment 

 

UPLC-system:  AQUITY UPLC H-Class with PDA detector, from Waters. 

Column:  AQUITY UPLC BEH C18 (2.1x100 mm, i.d., 1.7 µm),  

Part No: 186003837, from Waters. The column can be used for 

pH: 1-12. 

Detector:  AQUITY UPLC photodiode array detector (PDA), from Waters. 

Chromatographic software: Empower 3.0, from Waters 

2.3.2 Instrument settings 

The AQUITY H-Class UPLC system setup was included with sample manger, solvent manger 

and PDA detector. The system use Empower 3.0 for control and data acquisition. Empower 

3.0 contains different method sets that can be used, where a complete method set contains an 

instrument method, a processing method and report method. The system used the column 

temperature 43.0 °C and the sample temperature was 20.0 °C. The injection volume was 0.5 

μL and the pressure was around 13,000 psi (the system can go from 0 psi to 15,000 psi). The 

amino acids were detected at 260 nm with a PDA detector. 

2.3.3 Pump 

AQUITY H-Class system contains a very complex gradient system with 11 gradient profiles 

[10]. Table 3 contains the gradient information used for this project, the gradient has not been 

changed during the project. 

 
Table 3. Gradient for: Run_Hyd_PDA_HClass1011 [6].  
Time 

(min.) 

Flow rate 

(mL/min) 

% mobile 

phase A 

% mobile 

phase B 

% mobile 

phase C 

% mobile 

phase D 

Curves 

number 

Initial 0.700  10.0 0.0 90.0 0.0 Initial 

0.29 0.700  9.9 0.0 90.1 0.0 11 

5.49 0.700  9.0 80.0 11.0 0.0 7 

7.10 0.700  8.0 15.6 57.9 18.5 6 

7.30 0.700  8.0 15.6 57.9 18.5 6 

7.69 0.700  7.8 0.0 70.9 21.3 6 

7.99 0.700  4.0 0.0 36.3 59.7 6 

8.59 0.700  4.0 0.0 36.3 59.7 6 

8.68 0.700  10.0 0.0 90.0 0.0 6 

10.20 0.700  10.0 0.0 90.0 0.0 6 
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2.4. Procedures  

2.4.1 Derivatization reagents 

The derivatization converted the amino acids in the standard respectively sample (Vamin 

18EF respectively Aminoven 10 %) into highly stable derivatives that could be detected with 

UV [1]. Waters AQUITY H-Class vials that can fill up to 1000 μL were used during the 

analysis. The AccQ∙Tag reagent kit included preformulated reagents tested to ensure 

minimum amino acid contamination [6, 8]. The kit contained different vials such as:  

 

· Vial 1: AccQ∙Tag Ultra Borate buffer. The buffer was added to certify that the 
samples have an optimum pH derivatisation which means that the pH must be around 

8.2-10 to have a successfully derivatisation of the samples and standards.  

 

· Vial 2A: AccQ∙Tag Ultra reagent powder. The reagent powder contained the 
derivatizing reagent 6-aminoquinolyl-N-hydroxsuccinimidyl carbamate (AQC). The 

vial was transported dry to give maximum stability. 

 

· Vial 2B: AccQ·Tag Ultra reagent diluents. The diluents, contained acetonitrile, was 

used for reconstituting the AccQ·Tag Ultra reagent powder. 

 

2.4.2 AccQ∙Tag derivatization reaction 

The AccQ•Tag derivatization reaction was performed by letting the AQC reagent react with 

non-protonated primary and secondary amino acids in an aqueous environment to form 

products that are detected by a UV detector.  The complete chemistry occurring in the 

reaction tube is shown in Figure 1. The first step was a reaction with amino acids. The 

primary and secondary amino acids undergoes reaction with the 6-aminoquinolyl-N-

hydroxsuccinimidyl carbamate (AQC) reagent on a time scale of milliseconds and was 

therefore complete in less than 1 second. The second step was a slow reaction where the 

excess reagent AQC reacts with water on a time scale of approximately 15 seconds and forms 

the byproducts 6-aminoquinoline (AMQ), N-hydroxsuccinimide (NHS) and carbon dixode. 

The last step was a reaction between the major byproduct AMQ and the excess of AQC which 

forms the highly stable urea. AMQ was the major product that gives a significant peak in the 

chromatogram and bis-aminoquinoline urea (derivatization peak) the smaller peak in the 

chromatogram. Other by-products that were formed were NHS and carbon dixode. These by-

products did not affect the identification or the quantisation of the amino acids [5, 6]. No 

special handling was required to remove the excess reagent and the reaction could be carried 

out on the bench top. The reaction was carried out in an 80% aqueous environment thereby 

minimizing interferences from salts and other compounds in the sample matrix and the 

derivates were stable up to one week in room temperature. 
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Figure 1. AccQ·Tag Ultra derivatization reaction [6]. 

2.4.3 Reconstituting the AccQ∙Tag reagent powder 

A heating block was preheated to 55 
o
C. Afterwards vial 2A was tapped lightly before 

opening to ensure that all AccQ∙Tag Ultra powder was at the bottom of the vial. A clean 

micropipette was rinsed twice by drawing and discarding 1.0 mL from vial 2B and dispensed 

to waste. Then 1.0 mL was pipetted from vial 2B and transferred to vial 2A. Vial 2A was 

capped tightly and vortexed for 10 seconds. To ensure all reagent powder was dissolved, vial 

2A was heated on the heating block at 55
o
C for 10 min [6]. The reagents were stored in a 

well-sealed desiccator at room temperature and they were stable for one week.  

2.4.4 Mobile phases 

AQUITY H-Class system uses a quaternary solvent manger (QSM). Four mobile phases with 

unknown composition of eluent A and B were used, see below. The mobile phases were 

primed for at least 2 min before use or 5 min when the mobile phase composition was 

changed [5].  

 

Mobile phase A:  100 % AccQ∙Tag Ultra eluent A 

 

Mobile phase B:  90 % MilliQ and 10 % AccQ∙Tag Ultra eluent B.  

 

Mobile phase C:  100 % MilliQ  

 

Mobile phase D:  100 % AccQ∙Tag Ultra eluent B  

 

A fifth mobile phase reservoir was used for needle, purge and seal wash lines consisting of 

50:50 water:acetonitrile.  
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2.4.5 Preparation of stock solutions 

2.4.5.1 Preparation of internal standard stock solution 

L-Norvaline was used as internal standard for the determination of the amino acids. About 

5.88 mg of L-norvaline was weight into a 20 mL volumetric bottle. The compound was 

dissolved and diluted with MilliQ.  

2.4.5.2 SST stock solution 

Waters AccQ•Tag chemistry package included Waters amino acid standard. This standard 

contained the amino acids: Ala, Arg, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Tyr, 

Val, Asp, Glu and Cys-Cys. The standard mixture was bought prepared and contained a 2.5 

mM (2500 pmole/μL) concentration of each amino acid with the exception of cysteine with 

the concentration 1.25 mM. Unopened standard ampoules can be stored for as long as one 

year. 

2.4.5.3 Preparation of amino acid stock solution 

To reduce the amounts of standards and to still cover the total range of concentrations, the 

standards were made up of a mixture from both products. Std 1 contained 90 % of the lowest 

concentration value of Aminoven 10 % and Vamin 18EF and Std 2 contained 110 % of the 

highest concentration value, see table 4. The two standard stock solutions were prepared by 

accurately weighing amounts as described below and dissolved to 100 mL with MilliQ. 

Stirring and ultrasonic bath was vital for solubility. From these two stock solutions 2 mL was 

drawn and diluted to 50 mL with MilliQ.  

 
Table 4. Amounts of Std 1 and Std 2. 

Compound Std 1 (g/L) Std 2 (g/L) 

L-Alanine 12.6 17.6 

L- Argininhydrochloride 10.2 13.2 

L-Glycine 7.1 12.1 

L-Histidine 2.7 7.5 

L-Isoleucine 4.5 6.2 

L-Leucine 6.7 8.7 

L-Lysine acetate 8.1 10.2 

L-Methionine 3.9 6.2 

L-Phenylalanine 4.6 8.7 

L-Proline 6.1 12.3 

L-Serine 4.1 7.2 

Taurine 0.9 1.1 

L-Threonine 4.0 6.2 

L-Tryptophan 1.7 2.2 

L-Tyrosine 0.2 0.4 

L-Valine 5.6 8.0 

Aspartic acid 3.1 3.7 

Glutamic acid 5.0 6.2 

L-Cysteine 0.5 0.6 

 

2.4.5.4 Preparation of samples 

Duplicated samples were prepared from section 2.2 by drawing 2 mL from respectively 

sample and diluted to 50 mL with MilliQ. This gave peaks within similar level as Waters AA 

Std, after visual judgment.  
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2.4.5.5 Preparation of blank sample 

Every analytical sequence contained a blank sample to make sure that there were no other 

compounds in the system due to contamination. The blank sample did not need any other 

preparation than derivatization (2.4.6) where 10 μL of MilliQ was used instead of amino acid. 

  

2.4.6 Addition of internal standard and derivatization of samples and standards  

The solutions from section 2.4.5 were each spiked with internal standard before derivatization 

by combining the following agents in a clean auto sampler vial: 

 

· 100 μL internal standard stock solution  

· 100 μL SST, Std 1, Std 2 or samples  

· 800 μL MilliQ  
 

After adding the internal standard the derivatization of the samples and standards can be done. 

A heating block was preheated to 55
o
C. Afterwards a micropipette was used to transferred 80 

μL of borate buffer to a clean recovery vial. Then 10 μL of sample respectively standards was 

added to a recovery vial and vortexed briefly. After the mixing the solution 20 μL of 

reconstituted AccQ∙Tag Ultra reagent was added and vortexed immediately for several 

seconds. The mixture was allowed to stand for 1 min at room temperature, the conversion 

occurs more slowly at room temperature. Afterwards the vial was heated in the heating block 

for 10 minutes at 55
o
C. The 10 min heating was an important step when converted the 

phenolic side chain of tyrosine (Tyr) to free phenol, so Tyr could become a major mono-

derivatized compound like the rest of the amino acids. Heating the samples has no other 

significant effect [5]. Derivates in room temperature were stable for as long as 1 week. The 

vials were sealed tightly with parafilm to prevent evaporation during storage.  

   

2.4.7 System suitability test 

The system suitability test was done with Waters AA Std where the parameters resolution, 

AMQ excess and repeatability for area and retention time (Rt) respectively were evaluated. 

The SST and standard calibration curves must be accepted before an evaluation of samples 

could be done. All calculations of Rs, RSD, and AMQ excess were beneficially programmed 

in Empower 3.0 software. The correlation coefficient should to be > 0.999, otherwise the 

calibration curve should not be accepted for evaluation of the samples.  

2.4.7.1 Resolution 

The resolution (Rs) describes the degree of separation between to peaks in a chromatogram. 

The Rs should be ≥1.5 between all the amino acids. However, lower resolution could be 

accepted after visual judgment. Equation 1 shows the calculation made in Empower. 

 

The resolution (half-width method) was calculated by using equation 1: 

 

 

 

Equation 1:  

Rs  =  
)()(

)()(

5050

*)2/35.2(

ab

aRbR

WW

TT

+

-
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Rs  Resolution 

TR(b)  Retention time of peak B (min) 

TR(a)  Retention time of peak A (min) 

W50(b)  Width at 50% height for peak B 

W50(a)  Width at 50% height for peak A 

 

2.4.7.2 Repeatability 

The repeatability describes the measurement of variation of area and retention time (Rt) of a 

peak when repeating the same measurement. The relative standard deviation (RSD) is a way 

to describe how the variation of the measurement looks like. The acceptance criteria of RSD 

should be ≤ 3 % for both area and Rt for all amino acids.  

2.4.7.3 AMQ reagent peaks 

According to Waters amino acid method [6] an appropriate excess of reagent in a sample 

should produce an AMQ peak with an area that is ≥ 80 % of the AMQ peak in a derivatization 

blank. This indicates that the AccQ·Tag derivatization had gone correct. Equation 2 shows the 

calculation made in Empower. 

 

Equation 2:  

Excess: 
blank AMQ Area

 sample AMQ Area
 

2.4.8 Validation of method 

The purpose of the validation was to validate the UPLC AccQ•Tag method using the samples 

Aminoven 10 % and Vamin 18EF and the standards Waters AA Std, Std 1 and Std 2. The 

validation was done according to ICH guidelines [11]. For the validation results see section 

3.3.  
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3. Results and discussion 

3.1 Evaluation of method 

Good separation was obtained for all the amino acids for Aminoven 10 %, Vamin 18EF and 

Waters AA Std with the method, see chromatograms in Figure 2 A-C. Figure 2A shows that 

Waters AA Std did not contain the amino acids Tau and Trp, Figure 2B shows that Aminoven 

10 % did not contain Cys, Asp and Glu and Figure 2C shows that Vamin 18EF did not 

contain Tau. Since the amount of the amino acids in the samples in Table 2 contains different 

values than Waters AA Std the concentration for each amino acid in the samples had to be 

optimized several times to achieve the same level as the amino acids in Waters AA Std. After 

numerous preparations of sample dilution a proper level was found. The chromatograms in 

Figures 2A-C showed that the amino acid peaks in Figure 2B and 2C are within similar 

concentration levels as in Figure 2A. The amino acids in Std 1 and 2, see Table 4, gave also 

similar levels as in Figure 2A. The peak observed between His and Ser is monolysine which 

will be explained later on. The peaks obtained before the AMQ-peak and after the Trp-peak 

were due to the gradient and derivatization. Those peaks were also obtained in the blank and 

did not interfere with the analysis.  

 

 
Figure 2A. The chromatogram of Waters AA Std shows good separation.  

 

 

 
Figure 2B. The chromatogram of Aminoven 10 % shows good separation. 
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Figure 2C. The chromatogram of Vamin 18EF shows good separation. 

3.2 Calibration curve 

A calibration curve was made of the standard stock solutions Std 1 (90%) and Std 2 (110 %) 

where the origin at (0,0) was used as a third point. Calibration curves for all amino acids were 

used to control accurate weighing of standards and for the quantification of samples. The 

acceptance criteria should be R
2
>0.999 for all amino acids. Figure 3 shows the calibration 

curve for the amino acid proline that has R
2
 = 0.999.  

For every analytical run the standards Std 1 and 2 was included but only one of these runs 

could be used for evaluation of calibration curves for all amino acids, this might be due to the 

sample preparation or that the integration parameter somehow were not correct. The values 

achieved when creating a calibration curves were mostly bad. This made it impossible to 

quantify the method since the calibration curves were below 0.999. 

 

The amount value for proline was 11.4 g/L when back-calculated using the obtained area ratio 

value of 1.45 for the calibration curve. The theoretical value for proline was 11.2 g/L. The 

closeness of back-calculated and theoretical value indicates that the calibration curve gave 

accurate results. 
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Figure 3. Calibration curve for Proline where R

2
 > 0.999. 

 

3.3 Validation results 

3.3.1 Specificity 

The specificity test consisted of analysis of blank sample, separate analysis of amino acids, 

and analysis of Aminoven 10 %, Vamin 18EF and standards. The important parameter here 

was the Rt. The blank sample showed no other peaks which means that the system did not 

contained any contamination, which was very good. The analysis of the samples, standards 

and separate analytes (except for Cys, see 3.3.1.1) showed good selectivity.  The % RSD of Rt 

of the separate analytes, the samples and the standards were between 0.02 - 0.49 %. The 

acceptance criteria is % RSD < 3 % this means that the % RSD for Rt was well within the 

acceptance criteria which was very good. This showed that the detection of amino acids were 

very repeatable.  

3.3.1.1 Cysteine (Cys) and cystine (Cys-Cys) 

The analysis of Cys has been difficult, since the conversion of Cys to Cys-Cys during the 

derivatization did not go as well as we had hoped. When analyzing the amino acid cys, three 

peaks appears in the chromatogram instead of one peak. The peaks appear at: 5.78 min, 6.97 

min and 7.03 min, according to [6] Cys-Cys should appear at 6.97 min and lysine (Lys) at 

7.03 min and the other peak at 5.78 min might be Cys. An analysis of Cys-Cys has been 

performed and it appears at 6.9 min.  

Although it was observed that the conversion of Cys to Cys-Cys might be correlated to how 

old the Cys-solution was, this situation made the validation very difficult since we did not 

know how much of Cys had converted to Cys-Cys and the identity of peak at 7.03 min. 

Therefore we decided that Cys would not be part of the validation, it would instead be 

investigated separately by Fresenius Kabi or Waters Co.  
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3.3.1.2 Histidine (His) 

The system was constructed with a gold-plated compression screw and two-piece ferrules 

with tubing that connected the column and the preheater. When the system was constructed 

the two-piece ferrule should be tightened from the beginning but in this case the ferrule was 

loose. This caused problems such as the length of the tube varied a lot which lead to both 

leakage and that the connection could not be tightened. This problem resulted in a His peak 

split when the injection volume was set at 1.0 μL according to Waters validated protocol for 

amino acids. This was investigated for a while where the volume was first reduced to 0.8 μL, 

which also gave a split and then eventually the volume was reduced to 0.5 μL which gave a 

peak without split. This split occurred in all of the samples, standards and also in Waters AA 

Std which was rather odd when Waters Co. validated their method for 1.0 μL. This was the 

reason to why the method was set up with a lower injection volume than the provided method 

by Waters Corporation.  

3.3.1.3 Monolysine (Lys) 

Monolysine was a typically observed peak between His and Ser that can be seen in Figures 

2A-C. Lysine is an amino acid with two NH2-groups and can therefore form a monoderivate 

during the derivatization process when there is insufficient reagent excess for the amount of 

sample, reagent degradation or when pH is too low.  

3.3.2 Linearity  

The linearity tests were performed by diluting Std 1 and Std 2 (see section 2.4.5.3). The 

acceptance criteria for linearity were ≥ 0.999. The linearity curves for the all amino acids 

were below 0.999, which means that the linearity was not within the acceptance criteria. This 

might be due to problems with integration parameters (which were very sensitive for 

changes). The sample preparation was also an important parameter since the derivatization 

step was sensitive for manual preparation. The derivatization step seems to be a very sensitive 

step and it could easily affect the results. Also, the lack of linearity might be due to the way 

the standards 80 %, 100 % and 120 % were diluted. Std 80 %, Std 110% and Std 120 % were 

obtained by drawing 1.45 mL, 2 ml respectively 2.18 mL of stock solution Std 2 and diluted 

to 50 mL with MilliQ. Std 90 % and 100 % were obtained by drawing 2 ml respectively 2.22 

mL from stock solution Std 1 and diluted to 50 mL with MilliQ. When the linearity 

calculations were performed some amino acids within Std 80 % had higher concentration 

values than Std 90 %. The reasons for this might be due to big difference in concentrations of 

some of the amino acids between the two products. Meaning that when diluting the Std 2 

solution to Std 80 % one might acquire higher concentrations than the Std 1 diluted to Std 90 

% since it had much lower concentration values than Std 2. 

3.3.3 Precision 

3.3.3.1 Repeatability 

The repeatability analysis was performed in both for standard solutions: preparation of three 

replicates of three standard levels: 90 %, 100 % and 110 % and for Aminoven 10 % and 

Vamin 18EF, six replicates each. The acceptance criteria for the % RSD for amounts and Rt 

for all amino acids should be ≤ 3 %.  For the three replicates of Std 90 %  and 110 % the % 

RSD amount were between 1.3–7.5 % and 0.1–3.0 %, respectively. The result showed that 

amount % RSD for Std 90 % is higher than 3 % for several amino acids which was outside the 

acceptance criteria. The result for Std 110 % showed a standard deviation below 3 % for all 

amino acids, which was within the acceptance criteria.. For Rt the % RSD of the three 
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replicates of Std 90 % and 110 % were between 0.1–1.0 % and 0.1–1.0 %, respectively. This 

result was within the acceptance criteria of less than 3 %, which was very good.  

 

For the six replicates of Aminoven 10 %  and Vamin 18EF  the % RSD amount were between 

3.1–4.2 % and 2.6–7.0 %, respectively. The result showed that the % RSD amount for both 

samples were higher than 3 % for several amino acids, which was outside the acceptance 

criteria. 

The % RSD Rt was between 0.01–0.1 % and 0.01–0.1 %, respectively, i.e. below the 

acceptance criteria of 3 % for both samples which was very good.  

 

In summary the repeatability values of % RSD amount were higher than the acceptance 

criteria for all samples except for Std 110 %. The reason to this was probably the manual 

derivatization step that was sensitive, and the method would probably be improved by 

automatization of the derivatization step. 

3.3.3.2 Intermediate 

Duplicated samples of Aminoven 10 % respectively Vamin 18EF were prepared every day for 

6 days. The analysis use two columns and two analysts but one LC equipment. Day 1 to 4 and 

day 6 was performed by one analyst and day 5 was performed by another analyst. Day 6 was 

also performed with a different column. The acceptance criteria for % RSD amounts and Rt 

for all amino acids should be ≤ 5 %.  

 

The % RSD for Aminoven 10 % and Vamin 18EF were between 2.4–3.0 % and 5.6–7.7 %, 

respectively. The results of Aminoven 10 % showed that % RSD for amounts were less than 5 

% which was within the acceptance criteria and for Vamin 18EF the % RSD for amounts 

were higher than 5 % which was not so good and might be due to the sample preparation 

procedure. 

3.3.4 System suitability test (SST) 

Waters AA Std was used for SST control, where 7 injections were done from the same vial. 

The SST contained control of the following parameters: Rs, RSD (for area and Rt), the excess 

relation between the AMQ-peak for samples and standards and the AMQ-peak in the blanks. 

Rs for Waters AA Std should be ≥1.5 between all the amino acids, the excess should be ≥ 80 

% and the repeatability for both area and Rt for all amino acids should be ≤  3 %.  

 

The result for % RSD amount for Waters AA Std were between 0.02–0.8 %, the % RSD Rt 

for Waters AA Std were between 0.01–0.7 % and the Rs for Waters AA Std were between 

2.17–17.74. The excess for both samples and Waters AA Std is between 88-91 %. For 

calculations of Rs and excess see eq. 1 and 2 at section 2.4.7. This showed that all these 

parameters were within the acceptance criteria, i.e. % RSD less than 3 % for both amount and 

Rt. The resolution was higher than 1.5 and the excess was ≥ 80 % which showed that 

derivatization has gone correctly for the samples. This indicated that the system performed 

well.  

3.3.5 LOQ/LOD 

The limit of quantification (LOQ) and limit of detection (LOD) were investigated for the 

amino acids Tau and Tyr because of their low level in the samples. The Std 1 was used for 

this analysis where the acceptance criterion for this analysis was that both Tau and Tyr should 

exceed LOQ.  
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The analysis was performed by diluting Std 1 in regard to Tau and Tyr to the levels 3:1 and 

10:1. The dilution gave the concentrations 0.0009 g/L for Tau and 0.0003 g/L for Tyr for 

LOQ and the concentrations 0.0003 g/L for Tau and 0.00009 g/L for Tyr for LOD. The 

verification showed that Tau and Tyr were within the acceptance criteria.   

3.3.6 Robustness 

3.3.6.1 Analysis with two columns 

There were no significant changes in the chromatograms when analyzing Aminoven 10 % and 

Vamin 18EF with two different columns. 
 

3.3.6.2 Variation of column temperature and flow 

The temperature and flow rate variation were investigated with Std 2. The temperature and 

flow rate in the method was set to 43
o
C and 0.700 mL/min. The variation in temperature was 

42
o
C and 44

o
C and for the flow rate the variation was 0.65 mL/min and 0.75 mL/min. For the 

lower temperature and flow rate the amino acids eluted with longer retention times whereas 

with higher temperature and higher flow rate they eluted faster compared to the temperature 

and the flow rate set in the method. The variation in temperature and flow rate still gave good 

separation for all amino acids. 

3.3.6.3 Sustainability for prepared sample 

The sustainability of the duplicated samples were analyzed by reinjection of each sample and 

comparing it with two newly made ones and the theoretical values. The sample has been 

stored for 5 days on the bench top. The amounts of the newly made samples differ from the 

specified values given in Table 2. This might be due to the sample preparation such as the 

derivatization. No conclusion could be made from this experiment since the amount values 

differed to much when compared to the theoretical values and the experiment needs to be 

repeated. 

3.3.6.4 Different reaction time and volume for the AccQ·Tag derivatization reaction 

The sample Aminoven 10 % was used in this experiment. Waters Co. validated method for 

amino acid uses 70 μL borate buffer when performing the derivatization, however 80 μL was 

used in this method to achieve a proper pH level for the samples and standards.  

 

Table 5 showed the obtained amounts when using 5 min or 15 min derivatization reaction 

times and comparing it to the methods reaction time of 10 min. Table 6 showed obtained 

amounts when using different volumes of reagent (R), borate buffer (B) and sample (S) for 

the derivatization. With the methods reaction time and derivatization volumes the obtained 

amounts were in excellent agreement with the theoretical values which was very good. 

However change in reaction time and reagent volumes gave to low values indicating that 

neither the reaction time nor the volume should be changed. 

The conclusion was that the method works best when 10 min reaction time, 80 μl borate 

buffer, 10 μl sample and 20 μl reagent were used. 
 

  



  

20 

 

Table 5. Results of amount when using different derivatization reaction  times of  Aminoven 10 %. 

Compound  Theoretical value 

of Aminoven 10 % 

Aminoven 10 %  

10 min  

Amount  

Aminoven 10 %  

5 min  

Amount  

Aminoven 10 %  

15 min  

Amount  

Ala 14.0  14.0 11.2 10.9 

Arg  12.0 14.6* 11.5 11.6 

Gly  11.0  11.0 8.7 8.8 

His  3.0  3.0 2.4 2.5 

Ile  5.0  5.0 3.9 3.9 

Leu  7.4  7.5 5.9 5.9 

Lys 9.3 9.3 7.4 7.2 

Met 4.3 4.3 3.4 3.4 

Phe 5.1 5.2 4.1 4.1 

Pro 11.2 11.3 8.9 9.0 

Ser 6.5 6.6 5.3 5.2 

Tau 1.0 1.0 0.8 0.8 

Thr 4.4 4.4 3.6 3.7 

Trp 2.0 2.1 1.7 1.7 

Tyr 0.4 0.4 0.3 0.3 

Val 6.2 6.2 4.9 4.9 

*Wrong value of Arginine probably due to preparation problems. 

 

It can be notices that Arginine showed values higher than the specified values in Table 2 

probably because Arginine was weighed up as Argininhydrochlorid and not as Arginine. This 

resulted in wrong calculations of the amount value of amino acid. 

 
Table 6. Column 2 contains the theoretical values of Aminoven 10 %. Column 3 contains the default volumes 

for derivatization, column 4-9 shows different volumes of reagent (R), buffer (B) and sample (S), column 9 

shows that  no amino acids could be detected because of too much sample. 

Compound  Theoretical 

value of 

Aminoven 

10 % 

R=20 μL  

(B=80 

and 

S=10)  

Amount  

R=15 μL  

(B=80  

and 

S=10)  

Amount  

R=25μL  

(B=80  

and 

S=10)  

Amount 

B=75 μL  

(R=20  

and 

S=10)  

Amount  

B=85 μL  

(R=20  

and 

S=10)  

Amount  

S=5 μL 

(R=20  

and 

B=80)  

Amount 

S=15 μL  

(R=20  

and 

B=80)  

Amount  

Ala 14.0  14.2 11.0 11.2 11.1 11.2 11.1 -  

Arg  12.0 14.4* 11.7 11.3 11.4 11.4 11.4 -  

Gly  11.0  11.0 8.9 8.6 8.7 8.6 8.7 -  

His  3.0  3.0 2.5 2.4 2.4 2.4 2.4 -  

Ile  5.0  5.0 4.0 3.9 3.9 3.9 3.9 -  

Leu  7.4  7.4 5.9 5.9 5.9 5.9 5.9 -  

Lys 9.3 9.4 7.1 7.4 7.3 7.4 7.3 -  

Met 4.3 4.3 3.5 3.4 3.4 3.4 3.4 -  

Phe 5.1 5.0 4.2 4.0 4.0 4.0 4.1 -  

Pro 11.2 11.2 9.0 8.9 8.9 8.9 9.1 -  

Ser 6.5 6.5 5.2 5.1 5.2 5.2 5.2 -  

Tau 1.0 1.0 0.8 0.8 0.8 0.8 ** -  

Thr 4.4 4.4 3.5 3.5 3.5 3.5 3.5 -  

Trp 2.0 2.0 1.7 1.6 1.6 1.6 ** -  

Tyr 0.4 0.4 0.3 0.3 0.3 0.3 0.3 - 

Val 6.2 6.2 4.9 4.9 4.9 4.9 5.0 - 

*Wrong value of Arginine probably due to preparation problems. 

**Due to integration problem Trp and Tau could not be integrated.  
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3.3.7 Reagent stability 

The reagent stability was evaluated using an old derivatization reagent when derivatizing 

duplicated samples of Aminoven 10 % and Vamin 18EF and comparing it to samples with 

newly made reagent. According to Waters amino acid method the reagent has to be changed 

after 5 days. Therefore reagent was stored for 5 days in a desiccator and then used for analysis 

to see how this affected the samples. Table 7 showed the mean values obtained for the 

duplicated samples of Aminoven 10 % and Vamin 18EF. The theoretical values and the 

values for both samples when using the new reagent were very similar. However, the obtained 

values decreased when using the old reagent. This showed that the reagent was not stable after 

5 days and a new reagent should be used every five days. 
 

Table 7. Amount values for the samples when using an old and a newly made derivatization reagent. 
Compound  Theoretical 

value of 

Aminoven 10 

% 

Aminoven 

10 %  

(new 

reagent)  

Amount  

Aminoven 

10 %  

(old 

reagent)  

Amount  

Theoretical 

value of  

Vamin 18EF 

Vamin 

18EF  

(new 

reagent)  

Amount  

Vamin 

18EF  

(old 

reagent)  

Amount  

Ala 14.0  14.1 12.3 16.0  16.2 11.9 

Arg  12.0 14.4 13.5 11.3 13.4 10.4 

Gly  11.0  10.9 10.3 7.9  7.8 6.1 

His  3.0  3.0 2.9 6.8  6.6 5.2 

Ile  5.0  4.9 4.5 5.6  5.5 4.2 

Leu  7.4  7.4 6.8 7.9  7.9 6.0 

Lys 9.3 9.3 7.9 9.0 13.0 9.3 

Met 4.3 4.3 4.1 5.6 5.5 4.3 

Phe  5.1 5.1 4.9 7.9 7.7 6.1 

Pro 11.2 11.2 10.5 6.8 6.9 5.2 

Ser 6.5 6.4 5.9 4.5 4.4 3.4 

Tau 1.0 1.0 0.94 - - - 

Thr 4.4 4.4 4.0 5.6 5.6 4.2 

Trp 2.0 2.1 2.0 1.9 1.9 1.5 

Tyr 0.4 0.4 0.3 0.23 0.2 0.2 

Val 6.2 6.2 4.5 5.6 7.3 5.5 

Asp - - - 3.4 3.4 2.5 

Glu - - - 7.3 5.7 6.1 
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4. Conclusion 
In this project the evaluation of the analysis of amino acids in Aminoven 10 % and Vamin 

18EF has been performed by using the AQUITY H-Class UPLC system with AccQ·Tag 

derivatization from Waters Corporation, where all amino acids except for cystein were 

successfully detected at 260 nm with PDA detector. An AA standard from Waters was used as 

SST and gave excellent % RSD results. Additional to the SST control, two standards with 

levels 90 % and 110 % were used as external calibration for all amino acids which gave 

calibration curves R
2
>0.999. Although only one standard calibration out of several analytical 

runs gave that result. The calibration curves was a big problem and has to be investigated a lot 

more since many of them were below 0.999 and that made it impossible to quantify the 

method according to the acceptance criteria. 

 

There were several advantages with the AccQ·Tag UPLC system such as good resolution, 

good repeatability for the retention time and quantification of the amino acids as well as high 

sensitivity. The total volume of the AccQ·Tag vials are 1000 μL which means that a prepared 

vial can be reused in the system, since the sample manger only injects 0.5 μL. The prepared 

amino acids in the vial were stable for one week, the analysis time was only 10 min, the 

derivatization step can be automated if several samples have to be prepared, the system uses 

small amount of mobile phases and the lifespan of the BEH column used was high. The 

disadvantages with the AccQ·Tag UPLC system were that the manual derivatization step took 

time when analyzing several samples, the manual process increased the risk for wrong 

pipetting, and that the powder did not dissolve properly after 10 min during the reconstituting 

of the reagent as given in the method description from Waters Co. These might be the reasons 

to why some experiments gave poor values. Another disadvantage was that the eluents A and 

B have unknown compositions which reduce the possibility for Fresenius Kabi to make a 

similar composition.  
 

The validation result concludes that the system was reliable but further evaluation needs to be 

done concerning sample preparation. In the future it would be good to perform many more 

runs for the samples Aminoven 10 % and Vamin 18EF to be able to understand why the 

obtained % RSD precision values were high and investigate why the linearity of the 

calibration curves gave such low R
2
. Also a better understanding for the integration 

parameters in Empower has to be achieved. The analysis of the amino acids cysteine and 

cystine has to be further investigated to better understand the conversion and why there were 

three peaks instead of one. Also the amino acid histidine should be under observation due to 

the peak splits obtained in this investigation. The derivatization reaction can be controlled by 

calculating the excess and visual judgement of how much monolysine that has been formed. If 

this verification method becomes a QC-method in the future, an automated derivatization step 

should be preferred.  
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