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Abstract
A method of ultra-performance liquid chromatography (UPLC) with precolumn derivatization has been established for 
identification and simultaneous determination of nine biogenic amines as tryptamine, phenethylamine, putrescine, 
cadaverine, histamine, octopamine, tyramine, spermidine and spermine in pueraria lobata. Samples were extracted with 
perchloric acid solution, derivitazation with dansyl chloride, added ammonia water for termination reaction and then 
made up to the desired volume with acetonitrile. The chromatographic separation was performed on Acquity UPLC BEH 
C18 column (2.1 mm × 100 mm, 1.7 μm) using 5 mmol/L ammonium acetate and acetonitrile as mobile phase for gradient 
elution at the flow rate of 0.4 mL/min. Photo-diode array detector was set at wavelength of 254 nm for all of the biogenic 
amines. Nine biogenic amines had good linear relationships in the concentration range of 0.1–20 μg/mL with correlation 
coefficients larger than 0.999. The recoveries of samples spiked at levels of 20, 50 and 100 mg/kg were 75.6–97.2% with 
the relative standard deviations of 0.12–5.32% (n = 6). The limits of detection of the nine biogenic amines were all 10 mg/
kg. The established method is simple, rapid and sensitive, which can be used for simultaneous determination of nine 
biogenic amines residues in Pueraria lobata and other plant medicine. By the established method, it was the first time to 
verify that there are biogenic amines in Pueraria lobata all over the world, which would be used to study the health care 
mechanism of Pueraria lobata for people.
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1 Introduction

Biogenic amines belong to low molecular weight alka-
line compounds with biological activity and nitrogen, 
they are mainly formed by corresponding amino acids 
under microbial decarboxylation, or by aldehydes and 
ketones under the action of amino acid transaminase 
[18]. Common biogenic amines include tryptamine, 
putrescine, tyramine, histamine, spermine, spermidine, 
phenylethylamine, octapamine, cadaveric amine, etc.
[9]. Polyamines play an important role in cell prolifera-
tion and differentiation, regulation of nucleic acid func-
tion, protein synthesis, brain development, regulation 

of nerve growth and regeneration [6, 9, 13, 15]. Due 
to the physiological activity of biogenic amines in, the 
research on biogenic amines has attracted widespread 
attention. Biogenic amines are widely found in a vari-
ety of foods and beverages, especially in protein-rich 
foods, amino acids, fermented foods [7–12, 19]. How-
ever, there are few reports on biogenic amines in Chi-
nese herbal medicine, especially in Pueraria Lobata. As 
we all know, Pueraria Lobata is a very good treatment of 
pain and other symptoms of drug and food homologous 
products in China. In order to study the mechanism of 
action of Pueraria Lobata, it is necessary to understand 
the active components of biogenic amines in Pueraria 
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Lobata. Therefore, this study intends to establish a rapid 
and accurate method for the identification of biogenic 
Amines in Pueraria Lobata.

There were some analytical methods for the detec-
tion of biogenic amines such as GC–MS/MS [20], ion 
chromatography [21, 22], HPLC ([5, 23, 24], TLC [14], and 
HPLC–MS/MS methods [2, 17]), while the pre-processing 
steps of those methods were relatively complex and dif-
ficult to operate. On the one hand, most of the reported 
pretreatment methods are suitable for high protein 
foods, but not for starchy root samples such as Pueraria 
Lobata. On the other hand, there are few reports on the 
simultaneous determination of multi-biogenic amines, 
but the determination period of multi-biogenic amines 
was over half an hour, so the results cannot be displayed 
quickly. In this experiment, a method for the identifica-
tion and simultaneous detection of the nine biogenic 
amines in pueraria lobata by UPLC with precolumn deri-
vatization had been established. It could be used col-
umns with small particle sizes to achieve better sepa-
ration and shorter analysis time through UPLC system. 
Besides, it could be simplified the pre-processing steps 
and provided the quick detection method for multi-bio-
genic amines in pueraria lobata. Through the established 
method, it was verified that there are natural biogenic 
amines in pueraria lobata.

2  Material and methods

2.1  Materials

All solvents were of analytical reagent grade except for 
special instructions. (Millipore, USA) Deionized water by 
Milli-Q Integral 10 ultra-pure water machine (Milli-Q; Mil-
lipore, Bedford, MA, USA) was used through the study. 
Standard of putrescine, tyramine, histamine, spermine, 
spermidine, phenethylamine, octopamine, cadaver-
ine, were purchased from Dr. Ehrenstorfer (Germany), 
tryptamine was purchased from ANPEL (Shanghai, China). 
The standards of putrescine, histamine, spermine and 
spermidine were of 99.0% purity; tyramine was of 99.5%, 
phenylethylamine was of 97.5%, octopamine was of 
96.5%, cadaverine was of 99.0%, tryptamine was of 98.0%.

Dansyl chloride was purchased from ANPEL (Shang-
hai, China) with purity of 98.0%. Acetonitrile, acetone and 
ammonium acetate with chromatographic purity were 
purchased from TEDIA Company (TEDIA, USA). Sodium 
bicarbonate, hydrochloric acid, perchloric acid and ammo-
nia water were grade AR from Chemical Reagent Co., Ltd.

The plant samples of pueraria lobata were purchased 
from Guangxi medicine markets.

2.1.1  Preparation of standard solutions

Biogenic amine single stock solutions: 50 mg of standard 
of putrescine, tyramine, histamine, spermine, spermidine, 
phenethylamine, octopamine, cadaverine, and tryptamine 
was weighed accurately and put into 50 mL volumetric 
flasks respectively; 0.1 mol/L hydrochloric acid was put 
into the volumetric flasks to bring to volume; The materi-
als in the volumetric flasks were prepared into 1.0 mg/mL 
standard stock solutions and then stored in a refrigerator 
at 4 °C.

Mixed stock solution of nine standard biogenic amines: 
1.00 mL of each biogenic amine single-standard stock 
solution was pipetted and mixed in the same 10 mL volu-
metric flask, 0.1 mol/L hydrochloric acid was put into the 
volumetric flask to bring to volume and then the materi-
als in the volumetric flask were prepared into 100 μg/mL 
biogenic amine mixed stock solution.

Mixed working solution of nine standard biogenic 
amines: According to the experiment needs, the biogenic 
amines mixed solution was diluted by water and prepared 
into the biogenic amine mixed-standard working solutions 
of different concentrations.

2.1.2  The derivatization of biogenic amines standard 
solution

Appropriate amount of biogenic amine mixed working 
solution was pipetted into a 15 mL centrifuge tube, and 
then 1.5 mL of saturated sodium carbonate solution and 
1 mL of dansyl chloride solution (10 mg/mL, dissolved in 
acetone) were added. After the tube being covered, it was 
placed and shaken in a temperature-controlled shaker at 
40 °C without light for an hour. Then, 100 μL of ammo-
nia was added to terminate the reaction. The volume 
was adjusted to 5 mL with acetonitrile. The centrifuga-
tion was performed at 4000 r/min for 5 min. Finally, the 
supernatant was filtered through a 0.22 μm filter for liquid 
chromatography.

2.2  Preparation of the samples for UPLC‑PDA 
analysis

An amount of 2.00 ± 0.01 g of homogenized sample (by 
FLUKO FA25 dispersing homogenizer, FLUKO, Germany) was 
accurately weighed and placed into a 50 mL centrifuge 
tube, 20 mL of 0.4 mol/L perchloric acid was added into 
the tube. Then, the sample was homogenized for two min-
utes and centrifuged by SIGMA3-18 K high-speed refrig-
erated centrifuge (SIGMA, Germany) at 10 000 r/min for 
10 min at 4 °C. 1.00 mL of supernatant was pipetted into a 
15 mL centrifuge tube. Then, 1.50 mL of saturated sodium 
bicarbonate solution and 1.00  mL of dansyl chloride 
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solution (10 mg/mL, dissolved in acetone) were added. 
After being covered, the tube was placed and shaken in a 
temperature-controlled shaker (ALT-032R intelligent tem-
perature-controlled shaker, Shanghai Kanxin Instrument 
Equipment Co., Ltd.) at 40 °C avoiding light for an hour. 
Then, 100 μL of ammonia was added to stop the derivative 
reaction. The reaction liquid was diluted to 5.00 mL by ace-
tonitrile and centrifuged at 4000 r/min for 5 min. Finally, 
the supernatant was filtered through a 0.22 μm filter for 
ultra performance liquid chromatography analysis.

2.3  UPLC analysis and calculations

The analyses were performed using Waters Acquity UPLC 
system (Waters, USA) comprising a Binary Solvent Man-
ager pump, Sample Manager and PDA (Photo-Diode Array) 
detector. A UPLC BEH C18 (1.7 μm, 2.1 mm × 100 mm) 
(Waters, USA) column was used for separating the nine 
biogenic amines. Temperature of the UPLC column was 
set at 35 °C. The mobile phase was pumped at a rate of 
0.4 mL/min. The gradient elution performed was shown as 
Table 1, which mobile phase A for 5 mmol/L ammonium 
acetate, mobile phase B for acetonitrile. The sample vol-
ume injected was 5 μL. The spectra of the nine biogenic 
amines were obtained from detecting at the wavelength 
of 254 nm.

Calibration standards were prepared at concentrations 
of 0.1, 0.5, 1.0, 5.0, 10.0, and 20.0 μg/mL of the mixed 
standard solution of the nine compounds, and injected 
in triplicate. Calculations were based on the standard cali-
bration curves obtained by plotting the peak areas (Y) of 
multi-biogenic amines versus their concentrations (X) in 
methanol.

2.4  Method validation

The method was validated with reference to the imple-
mented validation procedure for analytical methods as 
described in the EU Commission Decision 2002/657/EC 
under Council Directive 96/23/EC [1] and in Commission 
recommendation of 10 January 2003 concerning a coor-
dinated programmer for the official control of foodstuffs 

for 2003 [3]. It is worth to note that the method for deter-
mination of multi-biogenic amines was not belonged to 
residues analysis under the EU system, so it was just for 
a reference to the validation process of the established 
method with the directive.

2.4.1  Recovery

Three sets, each of six, of Pueraria lobata samples were 
spiked with 20, 50, 100 mg/kg of the mixed standards, 
respectively, and analyzed.

The absolute recovery was calculated by comparing 
the peak areas from the standard calibration curves of 
multi-biogenic amines with the peak areas obtained after 
extraction of the same amounts of the compounds from 
spiked samples. Percentage recovery was calculated as 100 
times amount of subtracting the amount contained in the 
sample from the amount determined.

2.4.2  Repeatability

Three sets, each of six samples that have been spiked with 
multi-biogenic amines at the concentrations described 
above, respectively, were analyzed on the same day with 
the same instrument and operator. The overall mean con-
centrations and RSD were calculated.

Three sets, each of six samples that have been spiked 
with multi-biogenic amines at the concentrations 
described above, respectively, were analyzed on different 
days with the same instrument and operator. The overall 
mean concentrations and RSD were calculated.

3  Results and discussion

3.1  The optimization of preparation

Previous experiments [4, 25, 26] showed that the sample 
preparation was relatively complicated, including n-hex-
ane degreasing, liquid–liquid extraction, pH adjustment, 
nitrogen blowing and other steps and requires many 
organic solvents, which was harmful to the health of the 
experimental personnel. In this experiment, the pretreat-
ment steps were optimized and the samples were directly 
extracted and then derivatized. The extraction effects of 
water, perchloric acid solution, hydrochloric acid solution, 
methanol and acetonitrile were investigated. The results 
showed that perchloric acid solution had the best extrac-
tion efficiency, and achieved the highest overall recovery 
rate of the 9 kinds of biogenic amines than other extract 
solvents.

Since most biogenic amines were not UV-chromo-
phoric groups, they needed to be derivatized before 

Table 1  Gradient elution program for UPLC

Time (min) Mobile phase A propor-
tion (%)

Mobile phase B 
proportion (%)

0.00 45 55
5.00 5 95
6.00 5 95
7.00 45 55
8.00 45 55
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they could be detected. In this method, it had been 
compared the two frequently-used derivatizing rea-
gents, o-phthalaldehyde (OPA) and dansyl chloride 
(Dns-Cl). The result showed that dansyl chloride had 
better derivatization effect, in which the derivatiza-
tion conditions were easy to control, the product after 
derivatization was stable and the reproducibility was 
good. Although the reaction time of o-phthalaldehyde 
was short, the product after derivatization was unstable 
and had poor reproducibility.

All the above led to the conditions for the sample 
preparation described in Sect. 2.2.

3.2  The optimization of chromatographic 
conditions

3.2.1  Comparison of speed and performance 
between UPLC and HPLC

Agilent 1260 HPLC instrument was used to detect the 
chromatographic conditions according to the Chinese 
National Standard GB 5009.208–2016 [4]. The HPLC chart 
was shown in Fig. 1a.

From Fig. 1a, it showed that it had been taken about 
30 min for the peaks of the 9 biogenic amines to appear 
completely, and it taken more than 35 min to complete 
one injection.

Fig. 1  Comparison of Chromatographic Charts of Nine Bio-
genic Amines with Concentrations of 0.2  μg/mL Using HPLC (A) 
and UPLC (B). A: a tryptamine (10.613  min); b. phenethylamine 
(12.647 min); c. putrescine (13.830 min); d. cadaverine (14.941 min); 
e. histamine (15.730  min); f. octopamine (16.446  min); g. tyramine 

(20.468 min); h. spermidine (21.885 min); i. spermine (27.239). B: a. 
tryptamine (2.269  min); b. phenethylamine (2.635  min); c. putres-
cine (2.835 min); d. cadaverine (3.039 min); e. histamine (3.139 min); 
f. octopamine (3.349  min); g. tyramine (4.073  min); h. spermidine 
(4.295 min); i. spermine (5.329 min)
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However, the UPLC platform was characterized by its 
high pressure resistance and small particle size, which 
enabled faster analysis, better separation and high sensi-
tivity, and doubled detection efficiency. It took only about 
5 min for the peaks of the 9 types of biogenic amines to 
fully emerge (See Fig. 1b). It took only 8 min to complete a 
sample injection with good peak shape and the resolution, 
and it was not disturbed by the heterochromatic peaks. It 
was suitable for rapid detection of large batches of sam-
ples. The chromatogram of the standard solution with con-
centration of 0.2 µg/mL was shown in Fig. 1b. From Fig. 1b, 
it could be seen that the peaks of the 9 biogenic amines 
were sharp and symmetrical with no interference of het-
erochromatic peaks, and could be completely separated.

The result of the comparison led to the conditions for 
the analysis described in Sect. 2.3.

3.2.2  The selection of the mobile phases

Three most widely used mobile phase systems includ-
ing acetonitrile–water, acetonitrile-10 mmol/L ammo-
nium acetate buffer solution and methanol–water were 
selected as comparisons. It was found that when meth-
anol–water was used as the mobile phase, the chroma-
tographic peaks of phenylethylamine and putrescine, 
amines and tyramine could not be completely separated. 
When acetonitrile–water was used as the mobile phase, 
the retention times of cadaverine and histamine were not 
stable enough, and the two components could not be 
completely separated due to the shift of retention time, 
which affected the accuracy of the quantization. When 
using the mobile phase system of acetonitrile-ammonium 
acetate buffer salt solution, each target peak had better 
and symmetrical peak shape, with no tailing phenomenon, 
no disturbance of hetero peaks, complete separation of 
components and stable retention time. Therefore, acetoni-
trile-10 mmol/L ammonium acetate buffer salt solution 
was used as the mobile phase system.

3.2.3  The selection of analysis columns

An Acquity UPLC BEH C18 (1.7 μm, 2.1 × 100 mm) col-
umn and an Acquity UPLC BEH Shield RP18 (1.7  μm, 
2.1 × 100 mm) column were investigated. When using the 

Acquity UPLC BEH Shield RP18 column, the time taken 
for the peaks of the 9 biogenic amines to complete was 
shorter than compared to Acquity UPLC BEH C18 column, 
but cadaverine and histamine could not be completely 
separated. And when using the Acquity UPLC BEH C18 
column, the peak response values of the 9 the biogenic 
amines were higher than compared to the Acquity UPLC 
BEH Shield RP18 column. Therefore, the Acquity UPLC BEH 
C18 column was selected for this method.

3.3  Linear range and limit of quantitation

Biogenic amine mixed-standard solutions with concen-
trations of 0.1, 0.5, 1.0, 5.0, 10.0, and 20.0 μg/mL for each 
component were prepared for detection. The standard 
curves were made, with the concentrations of biogenic 
amines mixed-standard solution as abscissa and peaks 
area as ordinate. In the range of 0.1–20 μg/mL, the concen-
trations of the 9 biogenic amines and the corresponding 
peaks area were shown good liners relationship (r > 0.999) 
within the tested range.

It showed that limits of quantitation for the nine bio-
genic amines in Pueraria Lobata samples were all at con-
centrations of 10.0 mg/kg.

3.4  The recovery rate of standard addition 
and precision

The method was further tested by applying the extraction 
procedure to analysis of spiked Pueraria Lobata samples 
for verification of the limit of quantitation. Mixed stand-
ard solutions of 9 biogenic amines were spiked to Pueraria 
Lobata samples at three different concentrations ranging 
from 20 to 100 mg/kg.

The detection was performed with this method. And 
recovery rate of standard addition and precision experi-
ments were performed. It were shown in Table 2 that the 
9 biogenic amines spiked with the concentrations of 20, 
50, and 100 mg/kg, the average recovery rates range were 
from 75.6 to 97.2% (n = 6), with a relative standard devia-
tion (RSD) of 0.12–5.32% (n = 6), meeting the test method’s 
requirements for recovery rate and precision. Repeat the 
test for 7 days of the same samples, the relative standard 
deviation of 9 kinds of biogenic amines were less than 

Table 2  Average recovery rates and precision of nine biogenic amines added in Pueraria Lobata samples (n = 6)

Addition(mg/
kg)

Average recovery rates ± (relative standard deviation/%)

Try Phe Put Cad His Oa Tyr Spd Spm

20 77.9 ± 0.51 80.6 ± 0.26 82.3 ± 0.12 84.6 ± 2.71 86.7 ± 0.72 83.9 ± 0.44 81.3 ± 1.31 79.2 ± 0.91 75.6 ± 5.32
50 86.7 ± 0.76 86.2 ± 1.03 90.5 ± 2.37 87.2 ± 2.71 88.2 ± 0.61 90.6 ± 2.93 86.2 ± 0.34 85.7 ± 1.14 86.5 ± 1.70
200 91.2 ± 1.21 93.5 ± 0.65 92.3 ± 1.65 94.1 ± 1.42 96.6 ± 1.23 89.1 ± 1.68 83.9 ± 0.56 87.7 ± 2.51 85.0 ± 1.28
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5.2%, and the results showed that it was good stability for 
the method. The chromatogram of Pueraria Lobata sample 
and chromatogram of additional standards were shown in 
Figs. 2 and 3.

3.5  Actual sample test results

A total of 12 samples of Pueraria Lobata from the different 
place were analyzed by the method being developed by 

ourselves. The results of the positive samples are shown 
in Table 3.

It was found that phenylethylamine, putrescine, 
cadaveric amine, spermidine, spermine and histamine 
were detected in the root of Pueraria lobata. The content 
ranged from 9.79 to 125 mg/kg. This is similar to the results 
of determination of biogenic amines in Evodia rutaecarpa 
by Sun et al. [13]. Pueraria lobata and Evodia rutaecarpa are 
both Chinese medicinal plants, but Pueraria lobata can also 

Fig. 2  UPLC chromatogram of the fresh Pueraria Lobata sample with nature biogenic amines. Note: a. phenethylamine (2.628 min); b. putres-
cine (2.826 min); c. cadaverine (3.037 min); d. histamine (3.136 min); e. spermidine (4.293 min); f. spermine (5.327 min)

Fig. 3  UPLC chromatogram of fresh Pueraria Lobata sample added 
with Nine biogenic amines with concentrations of 200 mg/kg. Note: 
a. tryptamine (2.269 min); b. phenethylamine (2.635 min); c. putres-

cine (2.835 min); d. cadaverine (3.039 min); e. histamine (3.139 min); 
f. octopamine (3.349  min); g. tyramine (4.073  min); h. spermidine 
(4.295 min); i. spermine (5.329 min)
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be eaten. However, there are differences in species and 
biogenic amines content. The results of contents of nine 
biogenic amines in Pueraria lobata were shown in Table 3.

4  Conclusion

A UPLC method has been firstly developed for the simul-
taneous detection and quantification of nine 9 biogenic 
amines in pueraria lobata. It was simplified of the sample 
pretreatment process and replaced some complicated 
extraction steps reported in previous literatures by the 
method. Good linearity had been demonstrated over the 
concentrations ranged from 10 to 200 mg/kg in pueraria 
lobata. Accuracy and precision at the spiking levels for the 
method were according with the requirement of analy-
sis in food producing. A sample could be detected within 
shortest period under the established chromatographic 
conditions. The detection limits of the 9 biogenic amines 
were all at 10 mg/kg. Precision experiments showed that 
this method was reproducible. Most of all, a simple, fast, 
accurate and reliable method had been established, which 
could be used to identify and quantify for 9 biogenic 
amines in Pueraria lobata. By the established method, it 
was found for the first time that there are different kinds of 
biogenic amines in Pueraria lobata, and the specific types 
and contents of biogenic amines varied according to the 
variety and origin of the specific of Pueraria lobata. This 
study will provide some ideas and help for the study of 
Pueraria lobata’s pharmacodynamic mechanism and so on.
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