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-------------------------------------------------------------------------------------------------------------------------------------------Abstract
Histamine is commonly present in food containing proteins, like in mackerel. Consuming fish is
imperative for the improvement of human muscles. Nevertheless, some studies reported ingesting
fish containing histamine more than 50 mg·kg-1 can cause toxicity. This study analyzed and
determined the composition of histamine in mackerel and its products commonly consumed in
Malaysia, especially on the East Coast of Malaysia. These included processed mackerel such as
canned products, satay (skewed fish) and keropok lekor (fish cake/ cracker). Histamine analysis
was performed using High Performance Liquid Chromatography (HPLC) equipped with a
fluorescence detector. A derivatizing reaction was applied to increase the sensitivity of HPLC to
histamine using 9-flourenilmethylchloroformate (FMOC-Cl). The chromatographic separation was
achieved in 15 min. Method validation was in accordance to Commission Decision 657/2002/CE.
The linear range was at 0.16 – 5.00 µg· mL-1 (histamine) with the LOD at 0.10 µg·mL-1 and LOQ
at 0.30 µg· mL-1. Method applicability was checked on seven real samples involving raw, cooked,
and dry products, yielding acceptable recovery.
Keywords: Histamine, Mackerel, HPLC, Validation, LOD, LOQ
--------------------------------------------------------------------------------------------------------------------------------------------

Introduction

An increase in the number of food types and
their products are produced and distributed for
human consumption. Nevertheless, several
problems still exist for many years in relation
to consumers' health, such as heavy metals,
usage of pesticides, and traces of toxic
compounds such as biogenic amines that are
commonly detected in fish [1] and fish
products. Biogenic amines are simple nitrogen
compounds that generally can be found in
food and beverages containing protein such as
fish, meat, cheese, milk, and others. The main
biogenic amines present in these products are

putrescine,
tyramine,
cadaverine,
and
histamine [2]. They are produced by
amination and/or transamination of aldehydes
and ketones. They can also be formed by
decarboxylation of free amino acids (Fig. 1)
during the degradation process of proteinbased food and beverages involving specific
bacteria such as Lactobacillus, Pediococcus,
and Leuconostoc species. The determination
of biogenic amines in fish is of great interest
simply because of their toxicity besides being
used as an indicator for quality [3] or
freshness or even spoilage level of fish [4].
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Figure 1. Production of histamine from its corresponding
decarboxylation of amino acids

Among all biogenic amines found in
food, histamine is considered toxic and easily
present in food and beverages, as informed by
The European Food Safety Authority [5-6].
According to Food and Drug Administration
(FDA), the acceptable amount of histamine
that can be consumed is below 50 mg·kg-1. It
becomes toxic and leads to several symptoms
such as nausea, palpitation, and headache [78] when it goes beyond this level.
Histamine fish poisoning, called
scombroid poisoning, is the most general
foodborne ailment related to fish consumption
[6, 9-10]. Therefore, the demand for a safer
approach to consuming fish and its products
has promoted more studies to tackle the
histamine issues, especially in detecting its
existence.
Several chromatography techniques
have been studied in order to determine
histamine in fish. These include usage of thin–
layer
chromatography
(TLC),
high
performance liquid chromatography (HPLC)
and gas chromatography (GC). Some
researchers use HPLC and GC equipped with
mass spectrometry (MS) since MS has some
advantages in the selectivity and anti-jamming
capability [5, 10-11]. TLC is simple and
requires no sophisticated instruments but
several studies reported several issues from
the longer time needed for analysis, inaccurate
acquired results, and more for qualitative
demand. Whereas GC is not often applied due
to inherent tailing problems. Histamine is a
polar and non-vaporized compound, thus the
use of derivatization reagent prior to GC

analysis is compulsory in order to detect
histamine [12-13]. Among these methods,
HPLC is the most popular technique used in
order to detect histamine in food and
beverages, owing to its high selectivity
property and simpler than any other method
[14-17]. Generally, histamine separation is
performed in the C8 or C18 column, in
gradient elution with the mobile phase
consisting of methanol, acetonitrile, or water
[18].
Extraction is the most critical step in
the histamine detection procedure. According
to some studies, the extraction method can
influence analytical recovery. The extraction
of histamine from a solid sample such as fish
and meat is usually carried out using an acid
such as hydrochloric acid (HCl), perchloric
acid (HClO4), or trichloroacetic acid (TCA)
[19]. Biogenic amines are strong organic
bases, thus it is important to take advantage of
this feature for their separation from the
sample matrix, where TCA represented a
better choice for fish [12, 20]. Due to the
structural characteristic of histamine, the
derivatization step is an imperative step, and
several reagents are applied such as ophthaldialdehyde (OPA), dansyl chloride,
dansyl chloride and 9-flourenilmethylchloroformate (FMOC-Cl) [21].
Fish mackerel is widely consumed all
over the world due to its nutritional values.
Furthermore, monitoring fish freshness is
imperative to ensure the safety of human
consumption [22]. Of particular interest are
the products of mackerel such as satay, fish
ball, or even the popular Malaysia product
prepared from mackerel (known locally as
“keropok lekor”) that is consumed in several
countries in South East Asia such as Thailand
and Indonesia. There is a lacking of reporting
on histamine analysis. Therefore, the aim of
the present work was to establish a method for
determining histamine in mackerel and its
products using HPLC analysis and
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fluorescence as a detector. In this study,
FMOC-Cl was used as a derivatizing agent in
order to increase the sensitivity and selectivity
of histamine (Fig. 2). The proposed method
was validated in terms of linearity, accuracy,
precision, detection, and quantification limit.
Moreover, the developed and validated
method was applied to the histamine analysis
in mackerel samples.
O

Cl

Sample preparation
About 5 g of fresh fish sample in wet
condition was placed in a beaker and
homogenized with 10 mL of 10% TCA for 20
min. The slurry was then centrifuged for 5 min
at 2000 rpm. The supernatant was filtered
through a filter paper and rinsed with 10%
TCA. The sample was derivatized using 5 mM
FMOC-Cl. The homogenate was stored at 4oC
before further analysis using HPLC-FD.
Derivatization procedure
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Figure 2: Derivatization of histamine with FMOC-Cl

Materials and Methods
Materials

10 µL of the sample was mixed with
20 µL of FMOC-Cl (5 mM) and 10 µL of
potassium borate buffer in a vial. The mixture
was incubated at 10oC for 20 min. The
supernatant was then mixed with 10 µL of 0.1
M glycine. Finally, 950 µL of 50%
acetonitrile was added to the mixture before
further analysis using HPLC-FD.
HPLC – FD Detection of Histamine

Histamine dihydrochloride (HIS) was
purchased (≥99% purity) from Sigma–
Aldrich. FMOC-Cl, TCA, HPLC-grade
acetonitrile (ACN) and HPLC-grade methanol
(MeOH) were also purchased from SigmaAldrich. Hydrochloric acid (HCl), acetone,
potassium borate buffer, and glycine were
obtained from UKM Laboratory (purchased
from Sigma-Aldrich). Standard (stock)
solution of histamine was prepared at a
concentration of 1000 mg·L-1 in 0.1 M HCl.
All chemicals and reagents used were of
analytical grade.
Preparation of standard solution
A stock solution of histamine was
prepared with 0.1 M HCl in a volumetric
flask. The solution was stored at 4oC. Standard
solutions were prepared by diluting the stock
solution in order to construct the calibration
curve (0.16–5 µg·mL-1).

The HPLC analysis was carried out on
a Waters 2475 – C18 column (150 mm × 2.1
mm ID, 3 µm particle size), equipped with a
fluorescence detector (ex: 267/ em: 314).
Chromatographic separation was carried out
using an isocratic elution. The mobile phase
was acetonitrile: deionized water (63:37, v/v),
and the flow rate was kept at 0.34 mL·min-1
with the injection of 0.5 µL. The mixture was
filtered using a membrane filter (0.45 nm) and
degassed in an ultrasonic bath for 10 min
before being analyzed. The target compound
was identified according to the retention time
of its corresponding standard. Quantification
was measured using the standard's calibration
curves that underwent a similar derivatization
step of sample preparation.
Validation Study
All analytes injected were performed
in triplicate to ensure accuracy, precision,
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recovery, detection, and quantification
threshold limit. The correlation coefficient and
linear regression studies, repeatability
assessment, mean measurement, standard, and
relative standard deviation were calculated
using Microsoft Excel 2019 software.
Results and Discussions
Histamine Extracted from Fish Sample
Extraction of histamine from fish
samples is an imperative step before analysis
using HPLC Histamine is one of the biogenic
amines and has a diverse chemical structure,
and occur at a wide range of concentration in
food and beverage samples [11]. Most of the
extraction methods reported in the literature
for histamine detection were generally using
the acidic extraction method, starting with a
solid matrix. Organic solvents such as
methanol and ethanol are rarely used. The
choice of acid must be related to the sample
characteristics. Several compounds other than
histamine might be disturbances and can be
eliminated in this step. HCl becomes a good
choice for cheese and fruits analysis but is not
suitable for meat and fish owing to the
difficulties related to occasional sample
turbidity [12]. In this study, histamine in fish
samples extracted with the use of TCA is the
best choice due to its efficacy to precipitate
amino acids from the fish sample.

was acquired between the peak area and
concentration of the analyte (Fig. 3). The
detection limit was validated from the lowest
concentration of histamine required to give a
signal to noise ratio of three (S/N = 3), while
the quantification limit was validated with a
signal to noise ratio of 10 (S/N = 10). Both of
them were reflected by the limit of detection
(LOD) and limit of quantification (LOQ)
values [10, 23].
Table 1. Linear range, calibration curve, correlation coefficient
(R), detection and quantification limit of histamine.
Parameters Validated
-1

Linear range (µg·mL )
Calibration curve
R2

Results
0.16 – 5
y = 4E + 06x + 175075
0.9998

LOD (µg·mL-1)
-1

0.10

LOQ (µg·mL )

0.30

Intraday (% RSD)

1.73

Interday (% RSD)

7.38

Recovery (%)

103

R2: square of regression coefficient; tR: retention time; LOD: limit of
detection; LOQ: limit of quantification; RSD: relative standard
deviation.

Method Validation
The analytical method was optimized
by determining the linear range, precision,
recovery
detection
and
quantification
threshold limit. Results are presented in
Table 1. Linearity of the calibration curves
was established by injecting six standard
mixtures with concentrations ranging from
0.16 to 5 µg·mL-1. A series of standard
working solutions at 0.16, 0.31, 0.63, 1.25,
2.50 and 5 µg·mL-1 were obtained from
optimized conditions. Satisfactory linearity

Figure 3. Calibration curve of histamine – FMOC, peak area
versus concentration

The repeatability and reproducibility
of the method were measured by injecting
histamine standard at six replicates on the
same day (intraday) and over ten days (interday), respectively. Good reproducibility of
both the peak area (RSD ≤ 1.73 %) for
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intraday and (RSD ≤ 7.38 %) for inter-day,
they are presented in Table 1.
Various studies have reported the
application of other derivatizing reagents such
as OPA and dansyl chloride. Both reagents are
generally applied to derivatize biogenic
amines before analyzing with HPLC,
nevertheless, compared to FMOC – Cl, they
have several drawbacks. OPA cannot
derivatize primary amine, and derivatization
to primary and secondary amines are unstable,
while dansyl chloride upon application is time
– consuming and needs to be heated to high
temperature in order to complete the
derivatization process [24, 25]. The selectivity
of FMOC – Cl was reported by Ramachandra
et al., after derivatized using FMOC, the
analyte can be detected using HPLC equipped
with UV and FL detectors at the picomole
level. The stability of FMOC – Cl is better
than OPA [26]. In terms of reactivity toward
nucleophiles, FMOC – Cl is also better than
OPA. Moreover, the application of acid
solvents such as TCA and HCl in this research
to dilute histamine is satisfactory. The
products have a better collision-induced
dissociation (CID) energy, which will provide
a straightforward way to identify the reactive
amines by applying MS/MS analysis [27].
After ten days, histamine derivatized
with FMOC-Cl has degraded owing to several
factors such as temperature and the condition
of the environment. FMOC-Cl composition
inside histamine is possible to reduce if
exceed more than ten days. A mackerel
sample was selected to conduct the precision
and accuracy assay. The intraday precision
was measured from the result of six replicated
analytes prepared at 5 µg·mL-1 of histamine
standard to fish sample in a single day,
whereas the inter-day precision was
determined from the analytes for ten
consecutive days. The mixture was derivatized
prior to HPLC analysis. Satisfactory recovery
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for histamine was acquired (103%) (Table 1).
It can be concluded that (TCA) can be applied
to extract histamine from fish and its products.
Analysis of Mackerel
The established and validated method
was adopted to determine the histamine
concentration in fish samples. In histamine
analysis of fish mackerel and its products,
peak identification of each sample was
identified on the basis of retention time by
comparing with standard solutions. It was also
confirmed by spiking standards to the fish
samples. The retention time of histamine was
predetermined and detected to be stable and
consistently reproducible.
Quantification was based on the
external standard method using calibration
curves fitted by linear regression analysis.
During the experimental conditions, baseline
separation of histamine was obtained in less
than 15 min. No interference peaks were
presented at the retention times of the analyte
(Fig. 4). This method was applied for
histamine detection in 7 different products of
mackerel. The samples tested and the
concentration found of the histamine are
shown in Table 2.
Table 2. Histamine concentration in mackerel and its products
(n = 6).
Sample type

Histamine (µg·kg-1)

Mackerel fish

1.16

Canned mackerel
Fish ball mackerel
Fish satay mackerel

0.28
0.53
0.19

Keropok lekor (mackerel cracker)
Fish chip mackerel
Salted mackerel

0.84
0.17
0.03

Several studies have been carried out in
order to verify the presence of histamine
derivatized with FMOC-Cl. According to
(Fig. 4a), three components appeared at a
2.080, 3.510 and 3.839 min retention time.
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The peak for the derivatized histamine
standard appeared at a retention time of 2.080
min. The peak for FMOC-Cl was detected at
5.380 min, glycine appeared at 4.310 min, and
TCA appeared at 3.344 min. Analysis of
FMOC-Cl and HCl has also been studied
where the retention time of HCl and TCA is
almost similar. The fish samples have
successfully been derivatized using FMOC-Cl,
where TCA was used to extract histamine in
the fish prior to derivatization. The detected
histamine appeared at 2.188 min, and it was
similar to the histamine standard, as shown in
(Fig. 4b).
1 0 0 .0 0

(a)

2.080

EU

6 0 . 00

3.839

4 0 . 00

3.510

8 0 . 00

2 0 . 00

0.00
0. 0 0
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1 5 .00

Re tention time (min)
100.00

(b)
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0.00
0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

Re tention time (min)

Figure 4. (a) The chromatogram of histamine standard
derivatized by FMOC-Cl (ex: 267/ em: 314) and (b) the
chromatogram of mackerel derivatized with FMOC-Cl (ex: 267/
em: 314)

Fish and fish products contain
histamine at various concentrations. The
concentration of histamine is influenced by
several factors, such as the presence of
bacteria. Bacterial growth in fish and fish

products results in a shelf life reduction of the
fish and fish products, furthermore an increase
in the risk of fish–borne diseases [28]. Yusoff
et al. also reported that the content of
histamine is influenced by the storage time
due to microbial activity [29]. Some other
studies related to histamine detection in food
samples are on different approaches to
analysis. Zhai et al. detected histamine in
canned sardines at 7.5 mg·kg-1 [30], while
Parchami et al. acquired histamine at 0.104
mg·kg-1 in fish samples [31]. Francisco et al.
studied histamine detection using UV and
fluorescence detectors and found histamine
below the FDA regulation limit and detection
limit at 0.17 and 1.6 mg·kg-1, respectively
[32]. Kounnoun et al. used OPA as a reagent
to derivatize histamine and later analysed
using HPLC equipped with UV and FL
detectors. Histamine in fish samples was
detected at below 25 mg·kg-1 and detection
limit of 1.8 mg·kg-1 [33]. Zhu et al. reported
the application of HPLC to analyse histamine
after derivatization with a fluorogenic
compound with a detection limit at 1.3
nmol·L-1 [34]. Chong et al. reported that
sardine was the only fish where histamine still
could be analyzed under 4 oC during the
degradation process [35]. Therefore, a reliable
method is needed in order to detect histamine
in food to prevent fish-borne intoxication,
maintain good control of fish production and
check safety quality. In this study, HPLC is
reliable to analyze histamine in the fish
samples [36].
According to the findings in this study,
the concentration of histamine in mackerel
and its products can be categorized safe and
can be consumed since the histamine
concentrations were at a lower level following
the Compliance Policy Guideline. This
guideline suggests that if histamine level is at
10 mg·kg-1, it is considered not toxic,
nevertheless, the concentration at 30 mg·kg-1
is considered as decay, whereas above 30 mg·
kg-1 indicates the fish is totally decomposed
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[37]. Histamine poisoning generally occurred
upon improper consumption of Scombroid
fish species such as tuna, bonito, saury and
mackerel. They have a high level of histidine
in their flesh [38]. However, fish and fish
products are necessary for humans.
Nevertheless, the quality of fish and fish
products is more difficult to control than meat
owing to the quality of them influenced by
several parameters such as species, age,
habitats and enzymes activity [39].
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