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Abstract
A UPLC-fluorescence method has been developed to evaluate the concentration of ten biogenic amines, as dansylated
derivatives, in food. The sample preparation consisted of a solid-liquid extraction with perchloric acid, followed by the
dansylation of the extracted amines. The analysis was performed using an Acquity UPLC BEH C18 column on a UPLC
Acquity system (Waters) with a fluorescence detector. Two reference materials consisting of tuna muscle incurred with
histamine were used to evaluate the performances of the following method: selectivity, specificity, linearity, limits of
detection and quantification, precision, and accuracy. The averages of the measured values were evaluated at 98.7% and
96.8% of the expected values, for the two materials. The developed method was applied to quantify biogenic amines in
grilled meat from Beninese markets. The biogenic amines index was calculated for each sample. In this study, ten samples
can be considered as fresh with values lower than 5 mg/kg, while one sample is considered as acceptable (16.9 mg/kg) and
one sample is considered as spoiled (82.8 mg/kg). Tryptamine and 2-phenylethylamine samples were not detected but
methylamine and putrescine were detected at concentrations lower than their limit of quantification. Serotonin,
spermidine, and spermine were detected in all samples. No link between the biogenic amine concentrations and the
cooking conditions was observed. Because the biogenic amines are not heat sensitive, the measured concentrations of
biogenic amines in this study could be explained by bad hygienic conditions during meat storage before cooking. It means
that the Beninese population may be exposed to sometimes high biogenic amines content, leading to allergies or other
more serious health problems.
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Introduction

Biogenic amines (AB) are basic organic compounds, of low
molecular weight, non-volatile and stable to heat (Alvarez and
Moreno-Arribas 2014). AB can be aliphatic (methylamine,
putrescine, cadaverine), aromatic (tyramine, 2-phenylethyl-
amine), or heterocyclic (histamine) (Mohammed et al. 2016;
Sagratini et al. 2012). These amines are called “biogenic”
because they are formed by the action of living organisms.
They can take part in different physiological processes such
as the regulation of temperature, appetite, and blood pressure
(Silla Santos 1996).

In food, they are formed by microorganisms either by en-
zymatic decarboxylation of amino acids or by the transamina-
tion of aldehydes and ketones (Alvarez and Moreno-Arribas
2014; Bilgin and Genccelep 2015). Several factors play an
important role in the formation of biogenic amines in food.
In addition to the availability of precursors (free amino acids),
the accumulation of biogenic amines in food requires the pres-
ence of microorganisms with decarboxylation activity and fa-
vorable conditions to their growth and activity of decarboxyl-
ation (temperature, pH, salt concentration) (Yongsawatdigul
et al. 2004).

Many symptoms are caused by AB-related intoxication;
their severity varies depending on the amount of AB
ingested: nausea and migraines, vomiting, diarrheas, hy-
potension, and cardiac arrhythmia (Tittarelli et al. 2019).
The toxicity of histamine appeared to be enhanced by the
presence of other amines such as cadaverine, putrescine,
and tyramine (Linares et al. 2016; del Rio et al. 2017).
Biogenic amines may also be considered as possible car-
cinogens because of their ability to form nitrosamines,
which are known to be potentially carcinogenic (De Mey
et al. 2014; Silla Santos 1996).

Some food products may contain high levels of these com-
pounds; these products are dairy products, fish and its deriv-
atives, meat and flesh products, cheese, and fermented bever-
ages such as wine and beer (Mohammed et al. 2016; Bilgin
and Genccelep 2015; Aquiles Lazaro et al. 2015). In non-
fermented foods, the presence of biogenic amines above a
certain threshold is considered as an indication of undesirable
microbial activity and loss of freshness or too long shelf-life
(Simon Sarkadi 2019).

According to literature, 8 biogenic amines are often found
in food: histamine, tyramine, putrescine, cadaverine, trypt-
amine, 2-phenylethylamine, spermidine, and spermine
(Lapa-Guimarães and Pickova 2004; Kim et al. 2009; Naila
et al. 2010).

What is more, in fish and fishery products, the presence of
serotonin associated with the presence of amine-forming bac-
teria with strong decarboxylation activity was observed (Kim
et al. 2009). Similarly, trimethylamine oxide (TMAO) pro-
duced by the action of those bacteria may undergo different

transformations depending on the storage conditions of fish-
ery products and lead to the formation of compounds such as
methylamine (Baliño-Zuazo and Barranco 2016).

In Europe, like all over the world, there is a serious concern
about the consumption of food containing dangerous
biocontaminants such as histamine and tyramine. Nowadays,
histamine is regularly detected in food present in the European
Union, according to the Rapid Alert System for Feed and Food
(RASFF) of the European Commission (RASFF, 2019). Indeed,
for the last 12 years, 674 notifications about histamine have been
reported in the RASFF database, with histamine content up to
10000 mg kg−1. Among those 674 notifications, 665 were
concerning fish, fish products, and fish sauce imported from
Asian countries, while nine were concerning soy sauce (5),
cheese (2), yeast extract (1), and canned pet food (1).

There is no legal limit fixed for histamine in other food or
feed products than fishery products. Indeed, according to the
Commission Regulation (EC) No 2073/2005, the amount of
histamine is acceptable if the average level is less than
100 mg/kg for fishery products from species associated with
a large quantity of histidine that is the species from the
Scambidae, Clupeidae, Engaulidae, Coryphaenidae,
Pomatomidae, or Scomberesocidae families (Commission of
the European Communities 2005).

In meat and meat products, the most prevalent biogenic
amines are putrescine, tyramine, cadaverine, and histamine.
The only amines present at significant levels in fresh meat
are spermidine and spermine (Cheng et al. 2016;
Papageorgiou et al. 2018). The sum of putrescine, tyramine,
cadaverine, and histamine levels, calculated as biogenic
amines index (BAI), is often used to evaluate the freshness
and quality of pork (Cheng et al. 2016).

In Benin, pork is highly consumed. Indeed, according to
Ayssiwede et al. (2009), 48.40% of the population eats from
1.5 to 3 kg of pork per week, with an average level of con-
sumption estimated at 1.2 kg meat/week or around 58 kg/per-
son/year.

Considering all this, in this work, we shall present a quan-
titative method of analysis of the ten biogenic amines (Fig. 1)
in meat, using Ultra-Performance Liquid Chromatography
combined with fluorescence detection (UPLC-FLD). The
method was applied to grilled pork samples purchased in
Beninese markets, with 2 different traditional grilling tech-
niques, to evaluate the amount of biogenic amines that could
be found in grilled pork available in Benin.

Materials and Methods

Chemicals, Solvents, and Materials

Analytical standards of biogenic amines (tryptamine hydro-
chloride, tyramine hydrochloride, cadaverine dihydrochloride,
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spermine tetrahydrochloride, spermidine trihydrochloride, 2-
phenylethylamine hydrochloride, putrescine dihydrochloride,
histamine dihydrochloride, serotonin hydrochloride, and me-
thylamine hydrochloride), glycine, dansyl chloride, and 1,7-
diaminoheptane were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Sodium hydroxide, Normapur quality tri-
chloroacetic acid (TCA), ethanol, and perchloric acid 60%were
provided by VWR International (West Chester, PA, USA). Pro
analysis quality sodium hydrogen carbonate was from Merck
(Darmstadt, Germany). HPLC quality acetone, LC-MS quality
acetonitrile, methanol, and UPLC quality water were from
Biosolve (Valkenswaard, The Netherlands).

A 15-mL Falcon polypropylene graduated conical tube
with cap were commercially available from Greiner Bio-One
(Germany). Acrodisc® 25-mm syringe filters (with 5-μm
Versapor® membrane) were purchased from Pall Life
Sciences, MI, USA.

Putrescine, methylamine, serotonin, cadaverine, histamine,
spermine, spermidine, tyramine, 2-phenylethylamine, and
1,7-diaminoheptane individual stock solutions (10 mg/mL)

were prepared by dissolving each biogenic amine standard
in a 5% trichloroacetic acid (TCA) solution. Tryptamine solu-
tion (7.5 mg/ml) was prepared by dissolving tryptamine in
ethanol containing 5% trichloroacetic acid (TCA). Aworking
solution of 1,7-diaminoheptane at a concentration of 100 ng/
μL was prepared by diluting a 10 mg/ml stock solution with
TCA 5%. This solution was used as internal standard. A pool
of the ten other amines was obtained by mixing volumes of
150–2000 μL of each stock solution with TCA 5% to 10 ml.
All of the standard solutions were kept for a maximum of
6 months at + 4 °C.

Sample Extraction and Derivatization

The analysis of biogenic amines was realized by adapting the
method from Kim et al. (2009). Two grams of fresh sample
was cut in small pieces with a scalpel or blended until homo-
geneous in a mechanical blender (Moulinex, Germany) and
placed into a 10-mL glass tube. If lyophilized sample were
used, 0.4 g sample was weighed into a 10-mL glass tube and

Fig. 1 Structures of 10 amines and 1,7-diaminoheptane as internal standard
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1.6 g water was added to rehydrate the sample. The sample
was then vortexed and let stand for 10 min for rehydration.
Two hundred microliters of internal standard working solution
was added in the tube and the tube was vortexed again. Then
2.3 mL perchloric acid 0.4 M was added and the tube was
capped. The mixture was shaken 15 min on a rotating shaker
and centrifuged (10 min, 3700g, room temperature). The su-
pernatant was transferred into a 150-mL Falcon tube and
2.5 mL of perchloric acid 0.4 M were added to the sample,
which was extracted and centrifuged once again. Both super-
natants were combined and volume was adjusted to 6 mLwith
perchloric acid 0.4 M. The extract was vortexed and was fil-
tered through an Acrodisc® filter. One milliliter was then
transferred in a clean 15-mL Falcon tube where 200 μL
NaOH 2 N and 300 μL of saturated NaHCO3 were added,
with vortex of the tube after each addition.

The dansylation was realized by adding 2 mL dansyl
chloride (10 mg/mL in acetone) and incubating the tubes
at 70 °C for 15 min in a water bath. After dansylation,
100 μL glycine (150 mg/mL in water) was added to bind
to the dansyl chloride in excess, the tube was vortexed and
a second incubation during 15 min at 70 °C was realized.
The tube was then centrifuged (5 min, 3700g at room tem-
perature). Finally, 500 μL of the solution was poured into
an injection vial which was capped and the samples were
kept at 5 °C in the autosampler until analysis.

UPLC-Fluorescence Analysis

Amines were analyzed on a UPLC Acquity system inte-
grated autosampler (Acquity Sample Manager FTN), sol-
vent delivery system (Acquity QSM H Class), and column
heater coupled to an Acquity Fluorescence detector, all
from Waters Corporation (Milford, MA, USA). The col-
umn used was an Acquity UPLC BEH C18 (2.1 ×
100 mm, 1.7 μm), with a UPLC BEH C18 VanGuard
pre-column (2.1 × 5 mm, 1.7 μm), both from Waters
Corporation. The mobile phase was water (solvent A) and
acetonitrile (solvent B). The gradient elution conditions
70% solvent A were maintained for 1 min, from 70 to
15% of solvent Awithin 22 min, then conditions were held
for 0.50 min and the contribution of solvent A was in-
creased to 70% over 1 min and maintained for 1.50 min,
with a total run time was of 26 min. The oven temperature
was set at 65 °C and the injection volume was 5 μL. The
flow rate was 0.4 ml/min.

The peaks were identified by comparing their retention
times with those of the corresponding standards.
Fluorimetric detection at 346 nm for excitation and 500 nm
for emission was applied.

Results were calculated using Empower 3 Software
(Waters Corporation).

Samples Used for the Matrix-Matched Calibration
Curves

Using the developed method, pork bought in a Belgian super-
market was first lyophilized and then was evaluated as
“blank” regarding its amine content. Pork samples were then
used as blank samples and spiked quality control (QC) sam-
ples for the calibration curves.

For matrix-matched calibration curves, seven samples
of rehydrated lyophilized pork spiked with the internal
standard at a concentration of 5 mg kg−1 and with concen-
trations ranging from 0.75 to 33.75 mg kg−1 for spermidine
and cadaverine; 1.25 to 56.25 mg kg−1 for spermine; 1.50
to 67.50 mg kg−1 for putrescine, methylamine, serotonin,
and 2-phenylethylamine; 3.00 to 135.00 mg kg−1 for trypt-
amine; 3.50 to 157.50 mg kg−1 for tyramine; and 10.00 to
450.00 mg kg−1 for histamine were extracted simulta-
neously with the samples. The concentration range of the
calibration curve was chosen to cover the range of concen-
trations observed for each biogenic amine analyzed in sam-
ples. The extracts of these seven samples were used to
construct the calibration curves: the response (ratio be-
tween each amine and the internal standard peak areas)
was plotted versus standard concentrations. Calibration
points were injected before each series of samples and
the extract spiked at a concentration corresponding to the
central point of the calibration curve was injected one more
time after all the samples.

Linear regression was used for all compounds except for
histamine which required a quadratic regression. The correla-
tion coefficients R2 associated with those curves were higher
than 0.98. It was also established that only one point of the
curve can deviate from the curve by more than 20% of the
corresponding calculated value.

Performances of the Analytical Method

The use of Certified Reference Materials (CRM) is rec-
ommended to evaluate the performance of confirmatory
methods used for organic residues and contaminants
(Commission of the European Communities 2002). In
our case, two reference materials (RM) made of incurred
lyophilized tuna (T1530A and B) containing histamine at
2 different levels of concentrat ions (86.26 and
155.00 mg kg−1) were purchased from Test Veritas
(Trieste, Italy). These reference materials were used to
assess the performances of the developed method in ac-
cordance with the European (European Parliament and
Council Directive No 2002/657/EC, 2002) and USFDA
guidelines (US Department of Health and Human
Services 2018). The RM were stored at − 20 °C until
analysis and were analyzed with each series of samples
as a control.
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Beninese Pork Samples

A total of 12 grilled pork samples were obtained from local
processors located in 5 different municipalities in the South of
Benin.

Samples were selected according to the presentation of the
meat (in skewers, in pieces, sliced, and stuffed) and the
grilling technique (direct and indirect). The grilling technique
used traditionally is direct grilling. Indeed, eight samples were
prepared with this technique while 4 samples were prepared
with the indirect grilling technique.

Around 150 g of muscle were bought for each sample on
two different days.

Samples were stored frozen immediately after purchase.
Then, samples were freeze-dried (Virtis) and stored in a des-
iccator until analysis.

Results and Discussion

Method Development

Extraction of biogenic amines in fish and fish products is well
documented in the literature (Lapa-Guimarães and Pickova
2004; Kim et al. 2009; Tao et al. 2011; Latorre-Moratalla
et al. 2009; Park et al. 2010). In most of these methods, bio-
genic amines are extracted with 0.1 N hydrochloric acid, 5%
trichloroacetic acid, and 0.4 or 0.6M perchloric acid. For meat
extraction, only a few studies were published. Among them,
Dadáková et al. (2009) suggest the use of 0.6 M perchloric
acid. Different extraction conditions were tested: 0.1 N hydro-
chloric acid, 5% trichloroacetic acid, and 0.4, 0.5, and 0.6 M
perchloric acid, with different volumes of extraction. Good
extraction and the best chromatographic conditions were ob-
tained with 2 × 2.5 mL of 0.4 N perchloric acid.

As LC eluent, a gradient of a mixture of acetonitrile/water
30/70 was used on an Acquity UPLC BEH C18 column.
Optimization showed that the use of acetonitrile gave a higher
sensitivity compared to methanol on this LC column. The 10
dansylated biogenic amines and the dansylated internal stan-
dard were separated in a run time of 26 min using the opti-
mized UPLC-FLD parameters described in the “UPLC-
Fluorescence Analysis” section. For all compounds, retention
times were very stable. A good separation was achieved for
the peaks of all compounds (Fig. 2).

Performances of the Analytical Method

To evaluate the performances of the developed method, two
available RM, consisting of lyophilized tuna muscle incurred
with histamine at two different levels, were used. While no
material consisting of meat or meat products is available for

certifying the histamine or other biogenic amines content, the
use of fish CRM was made.

Each of these materials was analyzed 10 times on different
days (European Parliament and Council Directive No
2002/657/EC, 2002).

Selectivity and Specificity

Each compound was considered as positively identified in
RM samples if the ratio between the chromatographic reten-
tion time of each analyte and that of the internal standard, i.e.,
the relative retention time (RRT) of each analyte,
corresponded to that of the average retention time of the cal-
ibration solutions within a ± 2.5% tolerance, as set by the
Commission Decision 2002/657/EC (European Parliament
and Council Directive No 2002/657/EC, 2002).

Specificity was assessed by comparing chromatograms of
blank meat samples with the CRM samples (Fig. 2).

Linearity

For calibration curves, the linear regression provided a good
curve fitting, i.e., with low residuals, and demonstrated the
linearity of the dose-response curve within the working range.
Histamine content was, however, showing a non-linear behav-
ior, leading to quadratic regression when calibration curves
were established. For all biogenic amines, correlation coeffi-
cients R2 were higher than 0.99.

Limits of Detection and Quantification

The limit of quantification (LOQ) of each compound was set
as the concentration of the lowest calibrator of the calibration
curve (after checking that the signal to noise ratio was higher
than 10 at that level) and corresponds to 0.75 mg kg−1 for
spermidine and cadaverine; 1.25 mg kg−1 for spermine;
1.50 mg kg−1 for putrescine, methylamine, 2-phenylethyl-
amine, and serotonin; 3.00 mg kg −1 for tryptamine;
3.50 mg kg −1 for tyramine; and 10.00 mg kg −1 for histamine.
The limit of detection (LOD) was set at LOQ/2 after checking
that the signal to noise ratio was higher than 3 at that level.

Precision and Accuracy

For the RM containing 86.26 mg kg−1 histamine, the average
of the measured values (± standard deviation) (n = 10) was
85.12 ± 3.84mg kg−1, corresponding to 98.7% of the expected
value. For the RM containing 155.00 mg kg−1 histamine, the
average of the measured values (± standard deviation) (n = 10)
were 150.01 ± 10.1 mg kg−1, corresponding to 96.8% of the
expected value.

2396 Food Anal. Methods (2019) 12:2392–2400



Evaluation of Amines in Beninese Pork Samples

The UPLC-FLD method developed in this work was applied
to evaluate the biogenic amines of twelve grilled pork samples
purchased from local producers located in 5 different markets
in the South of Benin. Samples were grilled, directly or indi-
rectly, with wood or charcoal in different forms (in skewers, in
pieces, sliced, and stuffed). The concentrations of biogenic
amines measured in the samples are shown in Table 1.
Concentrations are expressed as milligram of biogenic amine
per kilogram wet weight muscle.

It can be observed that tryptamine and 2-phenylethylamine
were not detected in all samples while methylamine and pu-
trescine were detected but at concentrations lower than their
limit of quantification, which was of 0.6 and 0.8 mg/kg, re-
spectively. Serotonin, spermidine, and spermine were detected

in all samples with concentrations ranging from 0.5 to
1.0 mg/kg, 1.4 to 6.3 mg/kg, and 7.9 to 21.8 mg/kg.
According to Ntzimani et al. (2008), spermine and spermidine
are two biogenic amines naturally formed in fresh pork.
Tyramine was measured in one sample of pork grilled in
skewers (1.3 mg/kg) and in one stuffed sample (3.8 mg/kg).
Cadaverine was only detected in two samples, one grilled in
pieces and the other stuffed, with 4.8 and 16.9 mg/kg, respec-
tively. Histamine was only detected in the sample grilled in
skewers with a high concentration of 81.5 mg/kg.

The BAI, biogenic amines index, was calculated for each
sample bymaking the sum of the concentrations of putrescine,
cadaverine, tyramine, and histamine (Table 1). According to
Cheng et al. (2016), when the BAI values are lower than
5 mg/kg, between 5 and 20 mg/kg, between 20 and 50 mg/kg,
or higher than 50 mg/kg, the pork samples are considered as

Fig. 2 Chromatograms of 10 amines as dansyl derivatives separated with
a UPLC system and detected with fluorescence detection: a in a spiked
“blank” pork sample, corresponding to the highest calibration curve

point; b in a reference material, consisting lyophilized tuna muscle
incurred with histamine, containing 86.26 mg kg−1 histamine

Food Anal. Methods (2019) 12:2392–2400 2397



fresh, acceptable, low quality, or spoiled, respectively. In our
study, ten pork samples can be considered as fresh with values
lower than 5 mg/kg, while one sample of stuffed pork is con-
sidered as acceptable (16.9 mg/kg) and one sample in skewers
is considered as spoiled (82.8 mg/kg).

To our knowledge, no study shows the biogenic amine
content measured in cooked pork samples. Anyway, since
those compounds are reported as heat stable (Tapingkae
et al. 2010) and cooking or prolonged exposure to heat will
not destroy them (Naila et al. 2010) (Shalaby 1996; Duflos
2009; Gonzaga et al. 2009), the comparison of their content in
fresh or cooked meat can be done.

In the literature, Santiyanont et al. (2019) evaluated the
biogenic amine content in fermented pork from Thailand.
For meat before fermentation, they observed on three different
batch levels from not detected (nd) to 21.24 mg/kg for putres-
cine, from nd to 12.26 mg/kg for cadaverine, from nd to
14.33 mg/kg for histamine, no detection of tyramine, from
nd to 2.57 for spermidine, and from 15.76 to 21.91 mg/kg
for spermine. Similarly, Ngapo and Vachon (2017) studied
the conservation of chilled Canadian pork and measured over-
all concentrations of putrescine of 5.69 mg/kg, cadaverine of
0.70 mg/kg, tyramine of 0.41 mg/kg, spermidine 1.77 mg/kg,
and spermine 36.17 mg/kg.

The measured concentrations of biogenic amines in our
study are in concordance with what is shown in the studies
from Santiyanont et al. (2019) and Ngapo and Vachon (2017),
even if the concentrations measured in Beninese samples are
slightly higher for some compounds. This could be explained
by bad hygienic conditions when storingmeat before cooking,
during cooking, or due to the use of some fermented sauce,
marinade, or other ingredients that are put on the meat before
cooking. It means that the Beninese population could be ex-
posed to sometimes high biogenic amines content, leading to
allergies or other more serious health problems.

Because the biogenic amines are not heat sensitive, it was
not possible to establish a link between the cooking conditions
applied to the different meat samples and the concentrations of
biogenic amines measured.

Conclusion

The quantification of biogenic amines is a good indicator of
the spoilage level of food matrices. In pork, the sum of putres-
cine, tyramine, cadaverine, and histamine, calculated as bio-
genic amines index, is often used to evaluate the freshness and
quality of meat. The analytical method presented in this work
brings something new compared to what is commonly found
in the literature since this method allows quantifying, in the
same run, ten biogenic amines in cooked pork samples using
Ultra-Performance Liquid Chromatography combined with
fluorescence detection. The developed method was used toTa
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evaluate the biogenic amine concentration in grilled pork sam-
ples, purchased in Beninese markets.

The BAI, biogenic amines index, was calculated for each
sample. In our study, ten pork samples can be considered as
fresh with values lower than 5 mg/kg, while one sample of
stuffed pork is considered as acceptable (16.9 mg/kg) and one
sample in skewers is considered as spoiled (82.8 mg/kg). No
link between the biogenic amine concentrations and the
cooking conditions was observed. Because the biogenic
amines are not heat sensitive, the measured concentrations
of biogenic amines in our study could be explained by bad
hygienic conditions during meat storage or cooking. It means
that the Beninese population is exposed to sometimes high
biogenic amines content, leading to allergies or other more
serious health problems.
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