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A B S T R A C T   

A rapid and simple analytical procedure for the determination of histamine in canned fish products using 
temperature-controlled ionic liquid-based microextraction (TC-IL-ME) mated to chemometric tool and coupled to 
spectrophotometer was developed. The variables of interest in the TC-IL-ME method, such as volume of disperser 
solvent, pH, tartarazine (as ligand) amount, extraction temperature as well as ionic liquid amount were opti-
mized by using a response surface methodology (RSM) based on central composite design (CCD). The ionic 
liquid, 1-hexyl-3- methylimidazolium tetrafluoroborate [Hmim] [BF4] was used as an extraction solvent, while 
acetone was used as a disperser solvent. The optimum TC-IL-ME conditions were found as pH 6.0 of sample 
solution, 60.7 μmol L− 1 of tartarazine amount, 765 μL of acetone volume, 0.5 mg of [Hmim] [BF4] amount and 
36 ◦C of extraction temperature. Interactions between tartrazine and histamine were also investigated using 
computational chemistry approach. Under the selected conditions, the calibration curve was linear in the range 
of 2–400 ng mL− 1. The repeatability and reproducibility (RSD%) were ranged between 2.5–3.7 % and 2.8–4.1 %, 
respectively and limit of detection (LOD) was calculated to be 0.65 ng mL− 1. The accuracy of the recommended 
method was confirmed by the analysis of reference material (TET040RM-Histamine in canned fish), the spike test 
showed recoveries between 92.4 % and 104.9 %. Finally, the recommended method was successfully applied to 
canned fish products, the concentration of histamine ranged from 62.8–287.5 μg g− 1.   

1. Introduction 

Histamine is a potentially hazardous compound to human health and 
historically considered to be the main cause of scombroid fish poisoning 
(Hwang et al., 2003). The formation of histamine in seafood such as 
tuna, mackerel, bonito, and saury was mainly derived from decarbox-
ylation of histidine by decarboxylase enzyme released from microflora 
associated with surrounding seawater (Prester, 2011). The amount of 
histamine in fish products is used as its microbial degradation index 
(Ogur, and Erkan, 2020). The United States Food and Drug Adminis-
tration (FDA) has adopted the limit of 50 mg/100 g of histamine in fish 
samples (FDA, 1996). High levels of histamine in fish cause histamine 
(Scombroid) poisoning in humans (Evangelista et al., 2016). Some health 
problems (burning sensation, swelling of the lips, dry mouth, runny 
nose, gastrointestinal disorders, skin urticaria, stomach pain and 
burning) may occur due to the consumption of seafood with high his-
tamine content (World Health Organization, 2013). These negative 
properties of histamine have led scientiststo develop new analytical 

methods for the rapid, sensitive and selective determination of hista-
mine in fish samples. 

In the analysis of trace levels (ppm or lower levels), there are two 
main problems such as sensitivity and interference effect. To overcome 
these problems, either expensive analytical techniques or selective 
sample preparation method should be used for the analyte prior to the 
determination step. In this context, detection techniques such as surface 
enhanced raman Spectroscopy (SERS) (Janči et al., 2017), 
high-performance liquid chromatography combined with UV dedector 
(HPLC-UV) (Zarghampour et al., 2018), thin-layer chromatography 
(TLC)-densitometry (Kounnoun et al., 2020), high performance liquid 
chromatography and fluorescence detection (HPLC–FLD) (Ishimaru 
et al., 2019), liquid chromatography tandem mass spectrometry 
(LC–MS/MS) (Ochi, 2019), capillary zone electrophoresis (CZE) with UV 
detection (Felisiak et al., 2019), square wave stripping voltammetry 
(SWSV) (Yilmaz, and Inan, 2015), and cyclic voltammetry (Chang et al., 
2012a) have been commonly used for determination of histamine in 
different samples. These techniques are more sensitive than UV–vis 
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