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INTRODUCTION

Matricaria chamomilla (Matricaria recutita) and Chamaemelum nobile 
(Anthemis nobilis), particularly the dried flower heads of  these 
plants, are widely used in traditional and herbal medicine 
in European countries.[1‑4] When used as an infusion, their 
extracts have remarkable anti‑inflammatory, antipeptic, 
antibacterial, and antifungal effects.[1,5,6] So far, the main 
components of  the extracts have been identified as volatile 
derivatives and flavonoid compound.[2,3,5,7,8] Nonetheless, 
the mechanisms responsible for the therapeutic properties 
and other important components of  these plants have still 
not been elucidated clearly.

Amino acids are an important component of  herbal plants 
and are involved in many activities,[9‑12] but analytical methods 
for qualitative and quantitative assessment of  M. chamomilla 
extracts have seldom been published before. Considering 
the medicinal value of  these plant extracts, it is important 
to investigate the other nutrient constituents and, therefore, 
better understand the value of  the chamomile flower.

We have presented a method for determining the free 
amino acid content of  different types of  chamomile 
f lowers. Water extracts were derivatized using 
6‑aminoquinolyl‑N‑hydroxysuccinimidyl carbamate (AQC), 
which reacts with primary and secondary amino acids to 
yield fluorescent derivates. The fluorescent derivatives were 
analyzed by reverse‑phase high performance chromatography 
(RP‑HPLC) to determine the amino acid content.

EXPERIMENTAL

Sample preparation
The dried head flowers of  M. chamomilla and C. nobile were 
purchased from the local market (Wurumqi, Xinjiang, China). 
After being air‑dried and crushed into a powder with a 
mixer/grinder, 2.0 g of  the sample were accurately weighed 
and quantitatively transferred into a beaker. The beaker was 
placed in a water bath at 40°C to melt the mass. Then, the 
digested sample was transferred into a 50 mL calibrated 
flask; the volume was made up by adding enough water to 
the mark and the beaker was kept in an ultrasonic bath for 
30 min at 40°C. The extract was centrifuged and 30 ml of  
water was added to the residue, which was then sonicated 
for 30 min. The solution was then passed through a 0.22 μm 
Millipore membrane (SHIMADZU, Japan), and the filtrate 
was transferred to a 100 mL volumetric flask and diluted 
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with water to make up the volume. This solution was passed 
through a 0.22 µm millipore membrane, and the filtrate was 
used for the following experiments.

Derivatization procedure for amino acid analysis
Preparation of AccQ‑Fluor derivatizing agent
One milliliter of  AccQ Fluor Reagent Diluent (AccQ‑Tag 
Reagent kit; Waters, Milford, Massachusetts, USA) 
was transferred to a vial containing AccQ‑Fluor 
reagent powder (Waters). This closed vial was mixed by 
vortexing (SK‑1, Jintan, China) for 10 s and heated on a 
heating block at 55°C until it dissolved, but for no longer 
than 10 min. The reconstituted reagent can be stored in a 
refrigerator at 4°C for up to 2 weeks.

Preparation of standard amino acid solutions
Standard solutions of  the following amino acids (Sigma) 
were prepared: Aspartic acid (Asp), glutamic acid (Glu), 
serine (Ser), glycine (Gly), histidine (His), arginine (Arg), 
threonine (Thr), alanine (Ala), proline (Pro), tyrosine (Tyr), 
valine (Val), methionine (Met), isoleucine (Ile), leucine (Leu), 
phenylalanine (Phe), and lysine (Lys). The solutions were 
prepared by adding 0.1 M HCl. The concentration of  the 
standard solutions was 25 nM. They were stored in a freezer 
at 4°C till use. The mixed standard solution contained 
25 pmol of  each amino acid derivative.

Derivatization of the samples
The mixed amino acid solution or filtered sample (10 µL) 
was transferred to a full recovery autosampler, to which 
70 µL of  AccQ‑Fluor borate buffer (Waters) was added; 
the solution was vortexed briefly and then 20 µL of  
reconstituted AccQ Fluor reagent  (Waters), and the 
solution was mixed by vortexing for several seconds. It 
was then heated on a heating block at 55°C for 10 min. 
Derivatives were stable at room temperature for up to 
1 week.

Chromatographic conditions and procedure
The HPLC system used was a Waters Alliance consisting of  
a 2695 separation model and a 2475 scanning fluorescence 
detector  (Waters; Millipore, Milford, MA, USA). Data 
were collected and analyzed with the Empower 3 system 
(Waters Corporation, Milford).

Chromatographic separation was carried out on a 
Shimpack column  (250  mm  ×  4.6  mm; I.D., 5 μm) 
fitted with a pre‑column safeguard containing the same 
packing material  (12.5  mm  ×  4.6  mm, 4 μm). The 
column was thermostatted at 37°C; the flow rate was 
1.0 mL/min; and the injection volume was 5 µL. Mobile 
phase A consisted of  0.3 M sodium acetate containing 5% 
acetonitrile (pH 6.5); mobile phase B comprised acetonitrile 

and methanol (both were purchased from Sigma) and 
Milli‑Q water  (20:60:20, v/v/v; Milli‑Q plus system, 
Millipore Corporation, USA). The gradient profile is shown 
in Table 1. In terms of  retention time, the composition of  
each peak was confirmed and determined in accordance 
with the external standard method. Before the gradient was 
started, the column was equilibrated in 100% A for 10 min. 
Fluorescence detection was carried out by λ irradiation at 
250 nm excitation and 395 nm emission wavelength.

Chromatographic standards were prepared by mixing 
the standard amino acid solutions with the appropriate 
amount of  water to obtain the required concentration. 
(The mixed standard solution contained 25 pmol of  each 
amino acid derivative).

RESULTS AND DISCUSSION

Qualitative and quantitative analysis
The tested amino acids were identified by comparing 
their retention times with those of  available standards. 
Identified peaks were confirmed by spiking samples with 
standard mixtures and subjecting them to chromatographic 
evaluation. Quantitative data were obtained by plotting 
the peak concentrations of  the standard solutions 
against the peak concentrations of  the sample solution 
(data not shown). Chromatograms showing the amino acid 
peaks of  the standard and sample solutions are shown in 
Figure 1. As can be seen, alanine, proline, and leucine were 
the most abundant amino acids, whereas the amount of  
tyrosine and methionine was low.

Validation of the analysis
Linearity and limit of detection
Linearity was tested by chromatographic analysis of  
standards containing 0.012, 0.024, 0.06, 0.12, 0.20, and 
0.36 mM of  each amino acid according to the procedure 
described before. The detection limits for each amino acid 
at a signal‑to‑noise ratio of  3 were calculated. Linearity data 

Table 1: Gradient profile
Time (min) A% B% Curve
0 100 0 6
5 98 2 6
6 94 6 6
15 91 9 6
19 79 21 6
32 55 45 6
34 45 55 6
38 0 100 6
42 0 100 6
47 100 0 6
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were calculated by examining the area vs. concentration of  
amino acid plots. The results  (regression equations and 
correlation coefficients) obtained are reported in Table 2. 
The linearity between peak areas and concentrations was 
good, and the regression coefficients (r) were greater than 
0.9994 for all the curves, which demonstrates an excellent 
linearity of  the calibrations.

Precision and accuracy
Precision was expressed in terms of  coefficients of  
variation  [Table  2]: The data presented indicate good 
agreement among the individual test results. The 
replicability was determined by chromatographic analysis 
of  six replicate samples of  the extracts on the same day. 

Repeatability was estimated by triplicate injection of  the 
water extract on three consecutive days. Triplicate analysis 
of  amino acids in the sample provided a good coefficient 
of  variation. In all cases, relative standard deviation (RSD) 
was lower than 2.0%, which indicates that the derivatization 
procedure is reliable.

In order to examine the accuracy of  the quantitative 
determination, recovery tests were performed by adding 
known amounts of  the mixed standard into the samples 
and analyzing them. Amino acids were measured in the 
spiked and unspiked samples and the recovery rates were 
calculated. The assay was carried out in triplicate. The 
average recovery was between 91.12% and 129.41%.

Application of the method for the analysis of amino 
acids
The amino acid contents (mg/g) of  the analyzed samples 
are reported in Table 3. Values shown represent the mean 
of  three determinations.

CONCLUSIONS

We have presented an optimized analytical method for the 
determination of  free amino acids in M. chamomilla. The 
method has sufficient reproducibility and accuracy to allow 
the determination of  amino acid content in M. chamomilla. 
M.  chamomilla was characterized by higher amino acid 
content in comparison to C.  nobile. These differences 
probably contribute to the specific taste properties of  
chamomile and are probably influenced by the raw 
materials, yeast strain, and technological procedures used 
for preparing the extracts.

Table 2: Linear regression equation, correlation coefficient, and recovery rate
Compound Linear regression 

equation
Correlation 

coefficient (r)
LOD 
(µM)

Average 
recovery (%)

RSD (%)

Aspartic acid A=86106C+201892 0.9997 0.039 103.97 0.14
Glutamic acid A=150210C+887113 0.9998 0.058 108.00 0.11
Serine A=173706C+18021 0.9995 0.007 102.69 0.12
Glycine A=96721C+18820 0.9997 0.006 110.84 0.26
Histidine A=171019C+55403 0.9996 0.077 104.58 0.09
Arginine+Threonine A=163636C+59998 0.9996 0.052 91.12 0.05
Alanine A=117959C+90000 0.9994 0.035 129.41 0.25
Proline A=55884C+23427 0.9995 0.026 115.32 0.14
Tyrosine A=40524C+2578 0.9998 0.046 104.89 1.46
Valine A=139138C+61306 0.9995 0.027 104.52 0.32
Methionine A=188930C+23883 0.9997 0.001 115.26 0.45
Isoleucine+Leucine A=241318C+157432 0.9994 0.022 93.67 0.45
Phenylalanine A=188930C+23883 0.9995 0.015 115.81 1.36
Lysine A=395368C+86569 0.9996 0.009 101.23 0.36

LOD: Limit of detection; RSD: Relative standard deviation

Figure 1: HPLC chromatogram of the standard solution of mixed 
amino acids (a) and the sample (b)1. Asp 2. Glu 3. Ser 4. Gly 5. His 6. 
Arg+Thr 7.Ala 8. Pro 9. Tyr 10. Val 11. Met 12. Ileu+leu 13. Lys 14. Phe

b

a
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Table 3: Free amino acid content in the analyzed 
sample

Chamaemelum 
nobile (mg/g)

Matricaria 
chamomilla (mg/g)

Aspartic acid 0.35 1.05
Glutamic acid 0.73 1.53
Serine 0.46 1.67
Glycine 0.12 0.47
Histidine 0.16 0.58
Arginine+Threonine 1.52 2.53
Alanine 1.467 3.79
Proline 2.78 4.24
Tyrosine 0.16 0.73
Valine 0.46 1.88
Methionine 0.037 0.087
Isoleucine+Leucine 0.68 2.59
Phenylalanine 0.39 1.92
Lysine 0.28 1.07

Data represent the mean values of 3 replicates
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