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Biogenic Amines
Biogenic amines (BA) are basic nitrogenous compounds 

shaped by decarboxylation of amino acids. Biogenic amines can be 
present in food and can cause several adverse reactions in the con-
sumers [1-3]. Relocation of the alpha-carboxyl group from a pro-
teinogenous amino acid leads to corresponding biogenic amines 
such as histamine originates from histidine, cadaverine from lysine, 
tyramine from tyrosine and so on [4]. All kinds of foodstuffs that 
contain proteins or free amino acids represent important task to be 
subjected to conditions enabling microbial or biochemical activity 
of biogenic amines. The total amount of different amines formed 
strongly depends on the nature of food and the microorganisms 
present. Food likely to contain high levels of these compounds are 
dairy products, fish and fish products, meat and meat products, 
fermented vegetables and soy products and fermented beverages 
such as milk, wine and beer. The main biogenic amines encoun-
tered in food and beverages are histamine, tyramine, putrescine 
and cadaverine [5,6]. The factors that influence biogenic amines  

 
accumulation in food are distribution and storage conditions, food 
physicochemical parameters (pH, NaCl and ripening temperature), 
raw material quality, manufacturing processes, presence of decar-
boxylase-positive microorganisms and free amino acids [7].

Biogenic amines and polyamines have been reported in variety 
of food, such as fish, meat, cheese, vegetables and wines. They are 
also described as organic bases with aliphatic, aromatic and het-
erocyclic structures [8]. Histamine is the most common biogenic 
amine and can be found in food or beverages. Histamine [(2-1H-im-
izazol—yl)ethanamine] is a biogenic amine that can be produced in 
organisms by decarboxylation of the amino-acid histidine through 
microbial or enzymatic processes. Histamine is involved in sever-
al physiological functions in the central nervous system (CNS) as 
a neurotransmitter, in sleep-wake regulation and body tempera-
ture control, and it affects appetite, mood, endocrinal processes, 
learning, and memory. It is also implicated in inflammatory and 
immune responses by increasing the permeability of blood capil-
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laries. In addition, histamine is partly responsible for gastric acid 
release, stimulatory effects, erection and sexual functions, schizo-
phrenia and multiple sclerosis. Therefore, it is not surprising that 
elevated levels of histamine may cause immune system disorders 
and allergies. One of the major sources of health problems caused 
by histamine is Scombroid food poisoning that is a common type 
of seafood poisoning caused by eating spoiled fish, mainly macker-
el, tuna, sardines and anchovies [9]. At temperatures above 16oC, 
the enzyme histidine decarboxylase, produced by enteric bacteria, 
converts histidine to histamine. Unlike food spoiled by bacteria 
that can be suitable for consumption after cooking, the histamine 
content in food is not normally destroyed by cooking. It should be 
noted that histamine is present in a variety of food like wine cheese, 
fermented sausages and fish, and most members of the public are 
not affected by moderate consumption of these products. However, 
people with histamine allergy may develop symptoms that typically 
include sweating, burning sensation, dizziness, nausea, headache, 
tachycardia and other symptoms. The National Institutes of Health 
(NIH) recently published a popular article about food poisoning by 
seafood products describing these effects [10].

Histamine has an important role in human metabolism, such as 
the release of stomach acid. In small dosage it has little effect, but in 
larger dosage is has toxic effects. The intestinal tract of human con-
tains the enzymes diamine oxidase (DAO) and histamine-N-methyl 
transferase (HMT) which convert histamine to harmless degrada-
tion products. Putrescine and cadaverine can inhibit these enzymic 
reactions and also have potentiate to increase histamine toxicity. 
The presence of low levels of histamine, in the diet normally has 
no toxic effect as humans do not absorb histamine efficiently from 
gastrointestinal tract. If a high level of histamine is present in the 
diet, then the capacity of DAO and HMT to detoxify histamine will 
be limited and histamine will enter into the bloodstream resulting 
in histamine poisoning [11].

Histamine generally comes from the Scombridae family such as 
mackerel and tuna, sardine, blue fish and mahi-mahi. Histamine has 
been connected with Scombroid poisoning in several studies. The 
time of onset of Scombroid poisoning ranges from several minutes 
to 3 h after ingestion of food containing histamine at concentration 
higher than 100 mg/100 g fish.  The most general symptoms of this 
toxicity after consumed by human are itching, faintness, a burning 
sensation in the mouth, dizziness and the inability to swallow, but 
the victims usually recover within 8 h [12]. Furthermore, histami-
nolytic (histamine oxidizing) bacteria may allow an equilibrium 
to develop between histamine production and destruction in food 
containing high amounts of histamine [13].

Food and Drug Administration (FDA) has allowed to consume 5 
mg/100 g fish (FDA, 1998), but in several studies showed histamine 
at 67 and 180 mg has been given orally to volunteers without any 
sign of toxicity [14]. Thus, the efficiency of detoxification system 
in the body influences the histamine toxicity [10]. Histamine poi-

soning (Scombroid poisoning) is a worldwide problem that occurs 
after consuming food that containing biogenic amines, particularly 
histamine at concentrations higher than 500 ppm [15]. Histamine 
poisoning manifest itself as an allergen-type reaction characterized 
by difficulty in breathing, itching, rash, vomiting, fever and hyper-
tension. People having deficient natural mechanisms for detoxify-
ing biogenic amines through genetic reasons or through inhibition 
due to the intake of anti-depression medicines, such as monoamine 
oxidase inhibitors (MAOIs) are more susceptible to histamine poi-
soning [13]. Histamine alone may not cause toxicity at a low level, 
but the presence of other biogenic such as putrescine and cadaver-
ine, at concentrations 5 times higher than histamine, enhance the 
toxicity of histamine [14].

Histamine fish poisoning is among the most common food 
borne diseases related to fish consumption. Fifty-six of the 71 food 
borne disease outbreaks (78.9%) that have been notified in Europe 
in 2011 were due to histamine fish poisoning (EFSA 2013). The risk 
is correlated with the number and the histidine decarboxylase ac-
tivity of the contaminating bacteria that grow in the flesh of fishes 
that are rich of free histidine, such as tuna, mackerel and bonito 
[15]. Bacteria of the genus Photobacterium, i.e., P. damselae subsp. 
Damselae (Pdd) and P. phosphoreum, are strong histamine produc-
ers [16-18]. Photobacterium damselae subsp. damselae is consid-
ered to be an emerging pathogen of marine fish of importance in 
aquaculture, with a notable increase in its geographical distribu-
tion during the last several years [19].

[16] demonstrated that Pdd inoculated on tuna can produce 
toxic levels of histamine even at 4oC. These authors observed the 
Pdd displayed the highest performance in accumulating histamine 
in fish samples stored at refrigeration temperature in comparison 
with other psychrotolerant marine bacteria, namely P. phosphore-
um and Raoultella planticola. The demonstrated that Pdd (strain 
JCM 8968) can produce more than 500 mg/kg histamine at 4oC in 
24h and maintain 60% and 50% of the initial activity in tuna and 
dried saury for up to 12 weeks at -20oC, respectively. The presence 
of Pdd in the fish that are stored in melting ice or at chilling tem-
perature and even in the de-frozen and processed seafood can thus 
pose a significant hazard if the contamination is carried on fish spe-
cies which are rich in free histidine.

Biogenic amine levels in processed fish products are strongly 
affected by the quality of raw material and conditions and handling 
techniques during processing [20]. Therefore, the monitoring of Bas 
in fish and fish products in considered for two reasons: as a quali-
ty index and prevention of potential toxicity to human health [21]. 
Due to toxicological effects of Bas on human health, 50 ppm of his-
tamine and 100 ppm of tyramine [22] have been suggested by the 
Food and Drug Administration (FDA) as tolerance levels in fish. His-
tamine in the causative agent of Scombroid poisoning, a food borne 
chemical hazard. Scombroid poisoning is usually a mild illness with 
a variety of symptoms including rash, urticarial, nausea, vomiting, 
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diarrhea, flushing, tingling and itching of the skin. Severity of the 
symptoms can vary considerably with the amount of histamine in-
gested and the individual’s sensitivity to histamine. Scombroid fish 
such as tuna, mackerel, bonito and saury that contain high levels 
of free histidine in their muscle are often implicated in Scombroid 
poisoning incidents [9]. However, several species of non-scombroid 
fish such as mahi-mahi, bluefish, herring and sardine have often 
been implicated in incidents of Scombroid poisoning [23].

Scombroid syndrome/histamine poisoning occurs worldwide, 
and it is considered one of the most common forms of toxicity 
caused by fish consumption [24]. Histamine poisoning is a food-
borne disease caused by eating spoiled fish. It recorded in 1828 
with many cases reported since that time [25]. Histamine poison-
ing is the most prevalent form of seafood-borne poisoning and also 
the most reported cases concern fish, with very limited research 
on crab histamine poisoning. Fish and crabs are harmless when 
consumed fresh. Histamine is an inherent substance in species 
and exist in mast cells and basophils [26]. During decay, however, 
bacteria inside the body can convert histidine into histamine. Its 
biological effects include vasodilatation and hypotension, allergic 
reactions on nasal mucous membranes, sleep-wake regulation and 
gastric acid release [27]. When the histamine concentration in the 
body is higher than normal, anaphylactoid reaction can occur [28]. 
During histamine poisoning, which is relatively common following 
spoiled fish consumption, the occurrence of anaphylactoid reaction 
can, albeit rarely, result in death [29].

Analysis of Biogenic Amines using Conventional 
Methods

Analytical approaches for biogenic amines analysis are aimed 
to 

a) Modify the current methods or develop new methods.

b) Determine the concentration of biogenic amines in prod-
ucts from other countries using valid methods.

c) Analyse biogenic amines used to control the effectiveness 
of methods developed and 

d) Understand the relation between the levels of biogenic 
amines and biogenic amine-producing microorganisms [30].

Several analytical methods have been developed for determi-
nation of biogenic amines levels, including histamine, in food prod-
ucts as noted in review articles that surveyed these techniques. 
In a recent review of the analytical approaches to analysis of bio-
genic amines in food samples [31], several examples of using liq-
uid chromatography (LC), thin-layer chromatography (TLC), gas 
chromatography (GC) and capillary zone electrophoresis (CZE) 
were presented for determination of biogenic amines in a variety of 
food products including wine, fish and seafood, orange juice, beer, 
cheese, sausage and fermented meat products, as well as milk prod-

ucts and even in lake water [32].

Analysis of biogenic amines in food is problematic not merely 
because of their low concentration levels but also due to the com-
plexity of the matrix. Thus, sample clean-up plays an important 
role for proper isolation and enrichment of biogenic amines prior 
to their analytical determination. Common clean-up and pre-treat-
ment techniques are liquid-liquid extraction (LLE) [33,34], solid 
phase extraction (SPE) [35], solid phase microextraction (SPME) 
(Paleologos & Kontominas 20044), cloud point extraction (CPE) 
[36] and hollow fibre liquid phase microextraction (HF-LPME) [37-
39]. In recent years, great attention has been focused on analysis 
of biogenic amines and various methods have been developed for 
the analysis of biogenic amines [40-42]. These methods are divided 
into two groups: those (direct) based on the detection of biogenic 
amines themselves and those (indirect) based upon the detection 
of the producer microorganisms [43]. The quantitative determina-
tion of biogenic amines in food is generally accomplished by HPLC 
[41,42] and GC [44,45].

Sensor
An overview of analytical chemistry development demon-

strates that electrochemical sensor represents most rapidly grow-
ing class of chemical sensors. A chemical sensor can be defined as 
a device that provides continuous information about its environ-
ment. All chemical sensors consist of a transducer, with transforms 
the response into a detectable signal on modern instrumentation 
and a chemically selective layer, which isolates the response of the 
analyte from its immediate environment. They can be classified ac-
cording to the property to be determined as electrical, optical, mass 
or thermal sensors and they are designed to detect and respond to 
an analyte in the gaseous, liquid or solid state [46].

Compared to optical, mass, and thermal sensors, electrochem-
ical sensors are especially attractive because of their remarkable 
detectability, experimental simplicity and low cost. They have a 
leading position among the presently available sensors that have 
reached the commercial stage, and which have found a vast range 
of important applications in the fields of clinical, industrial, envi-
ronmental and agricultural analyses [46]. Amongst many analyt-
ical techniques available, the development of chemical sensors 
has made significant strides in the last three decades. The rapidly 
growing applicants of chemical sensors reflect the extent to which 
analytical chemists require these devices for cheap, accurate, con-
venient and quick analysis of various samples. Chemical sensors 
are miniaturized analytical devices, which can deliver real-time 
and online information about the presence of specific compounds 
or ions in complex samples. Usually, an analyte recognition process 
takes place followed by the conversion of chemical information into 
an electrical or optical signal (Figure 1). It converts the activity of a 
specific ion in a solution into an electrical potential [47].
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Figure 1: Schematic presentation of an electrochemical sensor.

A number of instrumental techniques such as UV-visible and in-
frared spectrophotometry, atomic absorption spectrophotometry, 
flame photometry, fluorometry, mass spectrometry and chromatog-
raphy etc. are available at the disposal of analytical chemists. Gen-
erally, these methods provide reproducible results with high sensi-
tivity and good selectivity. However, all these analytical techniques 
require sophisticated instruments and chemical manipulation of 
sample before measurement which may be time consuming and in-
convenient and need adequate skill to use it. The chemical sensors 
have no such requirements. These provide accurate, reproducible, 
fast and often selective determination of various chemical species.  
Not only this, but this technique could also be non-destructive, ad-
aptable to small sample volumes and to online monitoring due to 
these merits. The utility of chemical sensors is being increasingly 
realized in medicinal, environmental, agricultural and industrial 
fields [47].

Electrochemical Sensors
Classification of Electrochemical Techniques 

Generally electrochemical methods are based on the transfor-
mation of chemical information into an analytically useful signal. 
Any sensor used in electroanalytical determination contains two 
basic functional units; one receptor parts, which transforms the 
chemical information into a form of energy and one transducer part 
which transforms the energy, bearing chemical information, into a 
useful signal. A broad range of electrochemical techniques can be 
used for this purpose [47].

Typically, in electrochemistry, the reaction under investigation 
would either generate a measurable current (amperometric), a 
measurable potential or charge accumulation (potentiometric) or 
measurably alter the conductive properties of a medium (conducto-
metric) between electrodes [48]. References are also made to other 
types of electrochemical detection techniques such as impedimet-
ric, which measures impedance (both resistance and reactance) 
[49] and field-effect, which uses transistor technology to measure 
current as a result of a potentiometric effect at a gate electrode [50].

Since reactions are generally detected only in close proximity to 
the electrode surface, the electrodes themselves play a crucial role 
in the performance of electrochemical sensors. Based on the chosen 
function of a specific electrode, the electrode material, its surface 
modification or its dimensions greatly influence its detection abili-
ty. Electrochemical sensing usually requires a reference electrode, a 
counter or auxiliary electrode and a working electrode, also known 
as the sensing or redox electrode. The reference electrode, com-
monly made from Ag/AgCl, is kept a  distance from the reaction 
site in order to maintain a known and stable potential. The working 

electrode serves as the transduction element in the biochemical re-
action, while the counter electrode establishes a connection to the 
electrolytic solution so that a  current can be applied to the 
working electrode. These electrodes should be both conductive and 
chemically stable. Therefore, platinum, gold, carbon and silicon 
compounds are commonly used, depending on the analyte [51].

A chemical sensor is a device that transforms chemical infor-
mation, ranging from the concentration of a specific sample compo-
nent to total composition analysis, into an analytically useful signal. 
The chemical information, mentioned above, may originate from 
a chemical reaction of the analyte or from a physical property of 
the system investigated. Chemical sensors contain two basic func-
tional units: a receptor part and a transducer part. In the recep-
tor part, part of a sensor the chemical information is transformed 
into a form of energy which may be measured by the transducer. 
The transducer part is a device capable of transforming the energy 
carrying the chemical information about the sample into a useful 
analytical signal [52]. Chemical sensor research has experienced 
explosive growth over the last three decades. A chemical sensor is 
generally defined as an analytical device which converts a chemical 
response into a quantifiable and processable signal [53]. Chemical 
sensors can be applied to a large variety of samples including body 
fluids, environmental samples, food and beverage samples. In order 
to construct a successful chemical sensor, several conditions must 
be met:

a) The chemical used as a binder must be highly specific for 
the purpose of the analysis and be stable under normal storage 
conditions.

b) The reaction should be independent as manageable of 
such physical parameters as stirring, pH and temperature. This 
will allow analysis of samples with minimal pre-treatment.

c) The response should be accurate, precise, reproducible, 
and linear over the concentration range of interest without di-
lution and concentration. It should also be free from electrical 
or other transducer induced noise.

d) If the chemical sensor used for clinical purposes, the 
probe must be tiny and compatible, having no toxic or antigenic 
effects.

e) For rapid measurements of analytes from human samples 
it is desirable that the chemical sensor can provide real-time 
analysis.

f) The complete chemical sensor should be cheap, small, 
portable and capable of being used by semi-skilled operators.
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Electrochemical Detection Techniques – Biosensor  
In biosensing the measurement of electrical properties for ex-

tracting information from biological systems is normally electro-
chemical in nature, whereby a bio electrochemical  c o m p o -
nent serves as the main transduction element. Although biosensing 
devices employ a variety of recognition elements, electrochemical 
detection techniques use predominantly enzymes. This is mostly 
due to their specific binding capabilities and biocatalytic activity 
[55,56]. Other biorecognition elements are e.g., antibodies, nucleic 
acids, cells and microorganisms [48].

Amperometric Devices
Are a type of electrochemical sensor, since they continuously 

measure current resulting from oxidation or reduction of an elec-
troactive species in a biochemical reaction [57]. Clark oxygen elec-
trodes perhaps represent the basis for the simplest forms of amper-
ometric biosensors, where a current is produced in proportion to 
the oxygen in proportion to the oxygen concentration. This is meas-
ured by the reproduction of oxygen at a platinum working electrode 
in reference to Ag/AgCl reference electrode at a given potential 
[48]. Typically, the current is measured at a constant potential, and 
this is referred to as amperometry. If a current is measured during 
controlled variations of the potential, this is referred to as voltam-
metry. Furthermore, the peak value of the current measured over a 
linear potential range is directly proportional to the bulk concen-

tration of the analyte, i.e., the electroactive species [48,50,54]. Since 
not all protein analytes are intrinsically capable to serve as redox 
partners in electrochemical reactions, these devices use mostly 
mediated electrochemistry for the electrochemical reaction of the 
analyte at the working electrode [48].

Cyclic Voltammetry (CV)
Voltammetry belongs to a category of electro-analytical meth-

ods, through which information about an analyte is obtained by 
varying a potential and then measuring the resulting current. It is, 
therefore, an amperometric technique. Since there are many ways 
to vary a potential, there are also many forms of voltammetry, such 
as: polarography (DC voltage) [53], linear sweep, differential stair-
case, normal pulse, reverse pulse, differential pulse and more [58]. 
Cyclic voltammetry is one of the most widely used forms and it is 
useful to obtain information about the redox potential and electro-
chemical reaction rates (e.g., the chemical rate constant) of analyte 
solutions. In this case, the voltage is swept between two values at 
a fixed rate, however, when the voltage reaches V2 the scan is re-
versed and the voltage is swept back to V1, as is illustrated in Figure 
2. The scan rate, (V2 – V1) / (t2 – t1), is a critical factor since the 
duration of a scan must provide sufficient time to allow for a mean-
ingful chemical reaction to occur. Varying the scan rate, therefore, 
yields correspondingly varied results [59].

Figure 2: An overview of selected cyclic voltammograms with the reference to the work of Li et al.: i) a single generic linear voltage 
sweep; ii) a cyclic voltammogram of the Prussian Blue-modified (PB) glassy carbon electrode was prepared in 0.1 M KCl + .1 M 
HCl at a scan rate 50 mV/s; iii) cyclic voltammograms of the PB sol-gel modified glassy carbon electrode and iv) the cholesterol/PB 
sol-gel modified glassy carbon electrode in a phosphate buffer (pH 6.8) at varying concentrations of the analytic solution: a) blank 

solution; b) blank solution + cholesterol 1 x 10-5, 2 x 10-5, 3 x 10-5, 4 x 10-5, 5 x 10-5 mol/L. (Li et al. 2003).

The voltage is measured between the reference electrode and 
the working electrode, while the current is measured between the 
working electrode and the counter electrode. The obtained meas-
urements are plotted as current vs. voltage, also known as a voltam-
mogram. As the voltage is increased toward the electrochemical re-
duction potential of the analyte, the current will also increase. With 
increasing voltage toward V2 past this reduction potential, the cur-

rent decreases, having formed a peak as the analyte concentration 
near the electrode surface diminishes, since the oxidation potential 
has been exceeded. As the voltage is reversed to complete the scan 
toward V1, the reaction will begin to re-oxidize the product from 
the initial reaction. This produces an increase in current of opposite 
polarity as compared to the forward scan, but again decreases, hav-
ing formed a second peak as the voltage scan continues toward V1. 
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The reverse scan also provides information about the reversibility 
of a reaction at a given scan rate [48].

Potentiometric Devices
Measure the accumulation of a charge potential at the working 

electrode compared to the reference electrode in an electrochem-
ical cell when zero or no significant current flows between them 
[54]. In other words, potentiometry provides information about the 
ion activity in an electrochemical reaction [60]. For the potentio-
metric measurements, the relationship between the concentration 
and the potential is governed by the Nerst equation, where Ecell 
represents the observed cell potential at zero current. This is some-
times also referred to as the electroactive force or EMF. Eocell is a 
constant potential contribution to the cell, R the universal gas con-
stant, T the absolute temperature in degrees Kelvin, n is the charge 
number of the electrode reaction, F is the Faraday constant and Q is 
the ratio of ion concentration at the anode to ion concentration at 
the cathode [48].

Potentiometric sensors prove suitable for measuring low con-
centration in tiny samples volume, since they ideally offer the bene-
fit of not chemically influencing the sample. The variety of ions, for 
which low detection limits are possible, is currently quite limited 
and missing such important analytes as: nickel, manganese, mer-
cury and arsenate ions. Detailed information about potentiome-
try and their limit of detection (LOD) is provided in the review by 
Bakker et al. Potentiometry is also used as an alternative method 
to electrically determine the point in a chemical reaction at which 
equal quantities of opposing solutions reach a state of equilibrium 
(e.g., 0.1 mol HCl and 0.1 mol NaOH). This is known as measuring 
a titration endpoint with the technique known as potentiometric 
titration. By performing a titration at constant or zero current, the 
end point is identified from the variation in electrode potential, 
which are caused by changes in solution concentration of the po-
tential-determining ion [48].

Conductometric Devices
Measure the ability of an analyte (e.g., electrolyte solutions) 

or a medium (e.g., nanowires) to conduct an electrical current be-
tween electrodes or reference nodes. Although conductometric 
devices can be considered as a subset of impedimetric devices, 
techniques for measuring capacitance changes are reviewed later 
in combination with electrochemical impedance spectroscopy. In 
most cases conductometric devices have been strongly associated 
with enzymes, where the ionic strength and thus the conductivity 
of a solution between two electrodes changes as a result of an enzy-
matic reaction. Thus, conductometric devices can be used to study 
enzymatic reaction that produce changes in the concentration of 
charged species in a solution [55].

Chemical sensors are broadly divided into classes based on 
transduction principle. The classes of chemical sensors are specif-
ically electrochemical, optical, electrical and mass sensitive. Elec-
trochemical sensors transduce the electrochemical interaction of 

an analyte at a modified electrode into a voltage or current signal. 
Major groups within electrochemical sensors are potentiometric 
sensors – which measure the potential of an indicator electrode 
(ion-selective electrode) against a reference electrode and voltam-
metric sensors – which measure current flow at a constant or var-
ying potential. Amperometric sensors, which measure current flow 
at a constant potential, are very commonly used for electrochemical 
biosensors [61].

Electrochemical sensors and biosensors have recently found 
extensive applications in diverse industries. Nowadays, many ana-
lytical instruments used in environmental, food, pharmaceutical or 
clinical laboratories and also most of the commercial point-of-care 
devices work using chemical sensors and biosensors as a whole or 
a basic part. Glucose biosensors use widely in glucometers and pH 
electrodes are the important and known examples of the electro-
chemical sensors. An electrochemical sensor is a device transforms 
electrochemical information into an analytically useful signal.  Elec-
trochemical sensors usually composed of two basic components, 
a chemical (molecular) recognition system which is the most im-
portant part of a sensor and physicochemical transducer which is 
a device that converts the chemical   response   into   a   signal   that   
can be   detected   by   modern   electrical instrumentations. These 
two parts form a working (or sensing) electrode. A reference elec-
trode and sometimes a counter electrode are also used in electrical 
measurements. Transduction of a biological or chemical signal into 
an electrical signal can be done by amperometry, voltammetry, po-
tentiometry or conductometry [62].

Immobilization of enzymes
Enzymes are biologic polymers that catalyse the chemical re-

actions that make biological life possible. They have a wide variety 
of biochemical, biomedical, pharmaceutical and industrial appli-
cations. The major advantage is that the catalysed reaction is not 
perturbed by a side-reaction, resulting in the production of one 
required end-product. In addition, the enzymatic reaction took 
place at mild condition of temperature, pressure and pH with the 
reaction rates of the order of those achieved by chemical catalysts 
at more extreme conditions [63]. However, there are some practi-
cal advantages of the use of enzymes and one of the majors is that 
most enzymes operate dissolved in water homogenous catalysis 
systems, and the main problem is the separation of enzymes, from 
the reaction media for reuse [64]. A possible solution of this prob-
lem can be enzyme immobilization. This is a method of keeping the 
enzymes molecules confined or localized in a certain defined re-
gion of space with a retention of their catalytic activity [65]. Several 
techniques may be applied to immobilize them on a solid support. 
They are based on chemical and physical methods. Both physical 
and chemical immobilization methods offer some advantages and 
disadvantages. During the chemical methods, a loss of the activity 
of enzyme is observed; covalent bonds formed as a result of the im-
mobilization can perturb the enzyme’s native structure, but such 
covalent linkages provide a strong and stable enzyme attachment 
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and, in some cases, can reduce the enzyme deactivation rates. The 
physical immobilization methods more or less perturb the native 
structure of the enzyme, but in this case the enzyme does not bind 
to the carrier. That is why low activity of the immobilized enzyme 
is observed [66].

Polyurethane Modified Screen-Printed Electrode 
for the Electrochemical Detection of Histamine 
(2-(1h-Imidazol-4-Yl) Ethanamine) in Fish Mack-
erel (Rastrelliger Brachysoma)

Fish contains high protein. Protein in fish can be converted to 
biogenic amines. Biogenic amines in fish are histamine, putrescine, 
cadaverine and others. Histamine needs to be determined because 
of its toxicity. According to Food and Drug Administration (FDA), 
histamine can be consumed not more than 50 mg·kg-1 and above 
it can cause several adverse effects such as headache, nausea and 
vomit. Histamine can be analysed using chromatography methods 
where not only that the instrument is expensive, but it also needs 
specialist, and the process is very tedious. A sensor method was 
developed where this sensor using palm-based polyurethane as 
an electro-sensor substrate. Palm based polyurethane (PU) was 
produced via condensation polymerization between palm kernel 
oil-based monoester polyol (PKOp) and 4,4’-diphenylmethane di-
isocyanate (MDI). PU is used in this study due to its porosity and 
its capability to attach onto screen printed electrode (SPE) sturdi-
ly without disintegration. PU has satisfactory tensile and modulus. 
Verification of the chain structure of PU was identified through 
spectroscopy analysis using Fourier Transform Infrared and (FTIR) 
and Nucleus Magnetic Resonance (NMR) spectroscopy. Thermal 
analysis via TGA showed degradation above 240°C. It can be con-
cluded that PU is very stable at high temperature. The thickness of 
PU applied onto the SPE was 0.01mm and the electrode modified 

was activated potentiodynamically. PU – SPE absorbed histamine 
inside its pores so histamine can undergo the oxidation process. 
The oxidation process was detected using cyclic voltammetry (CV) 
and differential pulse voltammetry (DPV). This method showed 
that histamine was not oxidized until 0.4 V with a 50 mV·s-1 scan 
rate showed a peak of histamine oxidation exactly at 0.31 V. The 
histamine was detected in a supporting electrolyte, giving peak ox-
idation current at potential applied 0.31 V with current 9.63 μA, 
for 1 mmol·L-1of histamine standard solution. The chemical sensor 
showed a satisfactory response, a linear response range at 0.015 
to 1 mmol·L-1, a good sensitivity of 0.1 mmol·L-1 was attained at 
3.07 % during intraday and 9.55 % during interday, respectively. 
The detection and quantification limits of histamine standard were 
acquired at 0.17 mmol·L-1and 0.53 mmol·L-1. Various interfering 
compounds were also examined in order to establish their effect, if 
any, on the determination of histamine at the PU modified electrode. 
The interference was from several major interfering compounds 
such as aniline, cadaverine, hexamine, putrescine, and xanthine.

The sensor showed an excellent anti – interferents property 
towards other amines (Figure 3). A satisfactory recovery perfor-
mance towards varying concentration of histamine was obtained at 
94 and 103 % for 0.01 mmol·L-1 and 0.1 mmol·L-1 of histamine, re-
spectively.  The developed chemical sensor has a good potential to 
determine histamine level in fish. The determination of histamine 
was also compared to high performance liquid chromatography 
(HPLC) where this method also showed a satisfactory response be-
tween 0.16 – 5.00 μg·mL-1. The detection and quantification limits 
of histamine standard obtained at 0.10 ppm (0.89 μmol·L-1) and 
0.30 ppm (2.69μmol·L-1), respectively. Although the LOD of sensor 
method was below chromatography method, the developed 
chemical sensor has a good potential to determine histamine level 
in fish [67-108].

Figure 3: The design of biosensor with PU film as the substrate.
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Conclusion 
This article is describing the progress in analytical detection 

of biogenic amines namely the histamine. A sensor development 
made use of the palm-based polyurethane as substrate to a biosen-
sor is one of the cases. The evolution is significant in the search of 
simple yet efficient and cost-effective approach of detection of the 
histamine.
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