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Abstract: Histamine is a biogenic amine formed by microbial decarboxylation of histidine and 

serves as a significant indicator of protein degradation in animal-based raw materials. Although 

traditionally associated with fish and fishery products, recent studies have confirmed its presence 

in pet foods containing fish and meat meals. Factors such as improper storage, elevated 

temperatures, and prolonged pre-processing intervals significantly contribute to the accumulation 

of histamine. Regulatory limits for histamine exist in foods intended for human consumption; 

however, comparable legal thresholds for pet food are currently lacking. Nevertheless, elevated 

histamine levels may negatively impact palatability, nutrient absorption, and animal health, 

particularly in sensitive populations such as juveniles and immunocompromised pets. This study 

examines histamine levels in various animal-derived raw materials and commercial pet foods (both 

dry and canned), with a particular focus on chicken, game, and fish meals. An HPLC-UV method 

was used to analyse 13 protein-rich raw materials for pet food samples and 14 pet food samples. 

Histamine was not detected in shrimp, lamb, quail or pork meals. In chicken and fish meals, 

histamine content ranged from 23.86±2.60 to 256.98±14.69 mg/kg. In 8 out of 10 dry pet food 

samples, histamine levels ranged from 9.18±0.56 to 54.24±4.12 mg/kg. Canned pet food samples 

were free of detectable histamine. 
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INTRODUCTION 

Biogenic amines are nitrogen-containing com-

pounds formed through the microbial decarbo-

xylation of amino acids or transamination of 

aldehydes and ketones (Fig. 1.). Their presence 

has been documented in a wide range of food 

products, particularly those rich in proteins, 

such as meat, fish, cheese, and fermented pro-

ducts (Petrović et al., 2016; Torović, Gusman 

& Kvrgić, 2019; Ferrante & Mercogliano, 

2023). Although biogenic amines play a phy-

siological role in various cellular processes, 

their accumulation in food can lead to serious 

health concerns. Among them, histamine is 

considered the most toxic, and its ingestion can 
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cause so-called “scombroid poisoning,” cha-

racterized by symptoms such as skin flushing, 

headache, diarrhea, vomiting, and, in severe 

cases, respiratory distress (Petrović et al., 

2016; Durak-Dados, Michalski & Osek, 2020). 

The toxic effects of histamine can be further 

exacerbated by secondary amines such as pu-

trescine and cadaverine, which exert a syner-

gistic effect (Durak-Dados et al., 2020). 

 

Figure 1. Conversion of histidine to histamine by 

histidine decarboxylase 

Regulations concerning the presence of bio-

genic amines in food are not fully harmonised 

(DeBeer, Bell, Nolte, Arcieri & Correa, 2021), 

particularly with respect to pet food. The EU 

limit of 100 mg/kg was established in food, 

only for fishery products (EC, 2005). Lite-

rature reports suggest that histamine concen-

trations in food above 100 mg/kg may be po-

tentially toxic, while some studies have ob-

served adverse effects at levels as low as 50 

mg/kg, which is often cited as a recommended 

upper intake limit (Montegiove et al., 2023). 

The European Pet Food Industry Federation 

has recognised histamine as a relevant hazard 

in fish and meat meals, and has established 

good manufacturing practice guidelines to en-

sure product safety (FEDIAF, 2025). 

The safety of pet food largely depends on the 

quality of the raw materials used in its pro-

duction. Fresh meat and meat meals are most 

commonly used, with evidence indicating that 

products containing meat meal generally have 

higher levels of biogenic amines due to the 

lower quality of input materials and inadequate 

storage conditions (Montegiove et al., 2020). 

Although some studies have shown an in-

creased risk of histamine contamination in feed 

material of fish origin (Paulsen, Bauer, 

Kukleci, Smulders & Dicakova, 2021a), the re-

sults of pet food studies have not confirmed a 

higher risk compared to pet foods containing 

beef protein (Paulsen, Bauer, Bauer & 

Dicakova, 2021b). Regarding animal toxicity, 

dogs and cats have exhibited histamine into-

lerance symptoms similar to those observed in 

humans, including gastrointestinal disturban-

ces, respiratory issues, and allergic reactions 

(Blonz & Olcott, 1978; Verlinden, Hesta, 

Millet & Janssens, 2006; Craig, 2019). 

A variety of analytical methods are employed 

to determine histamine in food. The most com-

monly used techniques include enzyme-linked 

immunosorbent assay (ELISA), high-perfor-

mance liquid chromatography (HPLC), gas 

chromatography, capillary electrophoresis, and 

thin-layer chromatography (Bassanese et al., 

2012; Jakšić, Živkov Baloš, Mihaljev, 

Prodanov Radulović & Nešić, 2017; Learey, 

Crawford-Clark, Bowen, Barrow & Adcock, 

2018). The standard method for determining 

histamine in fish and fishery products involves 

pre-column derivatisation with dansyl chloride 

and UV detection after separation by liquid 

chromatography (ISO 19343:2017). Recently, 

there has been a growing adoption of high-

resolution mass spectrometry-based techni-

ques, which allow accurate quantification of 

histamine in complex matrices (Montegiove et 

al., 2020). Monitoring histamine concentra-

tions is of critical importance, not only as an 

indicator of potential health risks for animals 

but also as a marker of microbial contami-

nation and raw material quality (Learey et al., 

2018). 

Given the increasing consumption of pet food 

and the importance pet owners place on animal 

health, understanding the factors influencing 

histamine formation, along with the imple-

mentation of proper control measures during 

production, represents a key component in en-

suring the safety and quality of these products. 

The occurrence of histamine may be attri-

butable to contamination introduced during 

either the manufacturing process or storage of 

the final product. Accordingly, this investi-

gation encompassed both the raw materials 

employed in pet food production and the fi-

nished products. The aim of this study was to 

determine which raw material used in pet food 

production is most susceptible to histamine 

contamination, as well as to assess the safety 

and freshness of pet food available on the Ser-

bian market. 

MATERIALS AND METHODS 

This research investigates the amount of hista-

mine present in various feed materials (pro-

tein-rich raw materials for pet food) used in the 

production of pet food (13 samples), as well as 

in commercial cat and dog foods, including 
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both dry (10 samples) and canned (4 samples) 

products. The pet food used in this study was 

produced by Serbian pet food manufacturers. 

Samples were collected directly at the produc-

tion site and included products formulated with 

chicken- and fish-based ingredients. Particular 

attention was given to meals derived from 

chicken, game, and fish. A detailed overview 

of the sample types is provided in Table 1.  

Sample preparation 

Histamine levels were measured using the 

HPLC˗UV technique following the ISO 

19343:2017 standard method. The extraction 

process involved mixing the sample with 

perchloric acid. Samples of pet food and meal 

were prepared for analysis by weighing 5 g of 

the sample into a 50 mL cuvette, adding 0.1 M 

perchloric acid (10 mL or 20 mL, depending 

on the sample), mixing the solution thoroughly 

until homogenized, and then centrifuging at 

4000 rpm for 5 minutes. Pre-column deriva-

tization was carried out using dansyl chloride 

(A13828.06, Thermo Scientific, Germany). 

Further sample preparation was carried out en-

tirely in accordance with the ISO standard me-

thod. All samples were prepared and analysed 

in triplicate.  

HPLC-UV determination 

Separation of histamine from other biogenic 

amines was achieved through an HPLC Dio-

nex UltiMate 3000 Series system (Thermo 

Scientific, Germany), using a SupelCosil™ 

LC-18-DB column (250 x 4.6 mm ID, 5 μm 

particle size). A gradient elution method was 

employed with acetonitrile and water as the 

mobile phase, and detection was done via UV 

at 254 nm. Chromeleon
®
7 software (Thermo 

Scientific, Germany) was used to operate the 

system. The histamine concentration (mg/kg) 

was determined by comparing the area ratio of 

histamine (L09198.06, Thermo Scientific, Ger-

many) to that of the internal standard (1,7-dia-

minoheptane; L02853.06, Thermo Scientific, 

Germany), using a matrix-matched calibration 

curve ranging from 0 to 500 mg/kg. 

Method performance 

The standard method used was validated in the 

laboratory for the determination of histamine 

in fish and fish products, and its reliability was 

further confirmed through participation in the 

FAPAS (2024) proficiency testing scheme. For 

this study, a matrix-matched calibration curve 

was constructed based on the analysis of 

spiked pork meal sample, demonstrating line-

arity (R² > 0.997). The recovery rate of the me-

thod was also confirmed through spiking expe-

riments, yielding 98%. The limit of detection 

was 2.5 mg/kg for raw materials and 5 mg/kg 

for extracted finished pet food products. 

RESULTS AND DISCUSSION 

The results of histamine analysis by HPLC-UV 

are shown in Table 1. Based on the presented 

results, a considerable variability in histamine 

content can be observed across different types 

of raw materials and pet food samples. The 

highest histamine levels were detected in fish 

meal, with concentrations reaching up to 

256.98 ± 14.69 mg/kg (Fig. 2). This finding 

indicates that fish is particularly prone to 

histamine formation, consistent with the well-

documented activity of histidine decarboxylase 

in bacteria commonly found in fish tissue. In 

comparison, chicken meal contained much lo-

wer, though still significant, amounts of his-

tamine (25.97 ± 0.52 and 56.84 ± 3.25 mg/kg), 

while shrimp, lamb, quail, and pork meals sho-

wed no detectable histamine. These results 

suggest that the risk of histamine accumulation 

depends on the type of raw material. While 

Altafini et al. (2022) showed that storage 

conditions influence histamine accumulation, 

with increases at elevated temperatures, our 

study did not evaluate storage dynamics, but 

the high variability observed among meals 

suggests that pre-processing handling of raw 

materials likely plays a similar role. 

With regard to finished pet food, the results 

show that histamine was not detected in two of 

six analysed chicken-based dry food, while in 

several samples low to moderate concentra-

tions were present (9.18–15.78 mg/kg, Fig. 3). 

In fish-based dry food (Fig. 4), the histamine 

levels ranged from 13.01 to 54.24 mg/kg, with 

one sample showing a notably elevated value. 

In contrast, canned fish-based pet food con-

tained no detectable histamine, most likely due 

to thermal processing and sterilization pro-

cedures that reduce microbial activity and in-

hibit the formation of biogenic amines. 

Overall, the findings indicate that the greatest 

risk for histamine presence lies in animal-de-

rived meals, particularly those of fish and 

chicken origin, whereas finished pet foods ba-

sed on this type of meal generally appear safer, 

with lower or non-detectable concentrations. 
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Nevertheless, the occurrence of elevated va-

lues in certain fish-based dry food samples 

highlights the importance of continuous mo-

nitoring and the implementation of stricter 

control measures throughout the production 

chain. This is essential to ensure the safety of 

animal feed and to protect the health of pets. 

The study by Altafini et al. (2022) reported 

histamine levels in commercial fish-based cat 

foods ranging from 1.5 to 30.1 mg/kg, with the 

majority of samples below the EU safety limit 

of 100 mg/kg for fishery products. 

Table 1.  

Histamine content (mg/kg) in raw materials serving as protein sources in pet food and pet food samples 

Sample Origin No samples Histamine (mg/kg) 

Protein-rich raw 

materials 

Chicken 2 25.97 ± 0.52 

56.84 ± 3.25 

Fish 7 256.98 ± 14.69 

23.86 ± 2.63 

27.93 ± 3.29 

35.89 ± 1.95 

118.82 ± 1.38 

31.78 ± 2.13 

65.74 ± 2.98 

Shrimp 1 ND 

Lamb 1 ND 

Quail 1 ND 

Pork 1 ND 

Pet dry food Chicken 6 ND 

ND 

9.18 ± 0.56 

15.26 ± 1.21 

15.78 ± 2.80 

12.03 ± 0.56 

Fish 4 14.75 ± 0.77 

13.84 ± 2.12 

13.01 ± 1.23 

54.24 ± 4.12 

Pet canned food  Fish 4 ND 
Results are given as mean ± standard deviation (n = 3); ND – not detected 
 

 

Figure 2. Chromatogram of fish meal sample containing 256.98 mg/kg of histamine 

 



Sandra M. Jakšić et al., Histamine in pet food, Food and Feed Research, 00 (0), 00-00, 0000 

 

Figure 3. Chromatogram of cat dry food sample with chicken protein containing 15.78 mg/kg of histamine 

 

 

Figure 4. Chromatogram of dog dry food sample with fish protein containing 14.75 mg/kg of histamine 

 

This range is consistent with the results pre-

sented in this study for dry fish-based foods. 

Importantly, both studies confirm that canned 

foods tend to be safer, with no significant hista-

mine detected after processing.  

Montegiove et al. (2020) focused on fresh meats 

and meat meals as raw materials for dry pet 

food production and demonstrated that meat 

meals contained significantly higher histamine 

concentrations than fresh meats. For example, 

salmon meat meal contained up to twenty times 

more histamine than fresh salmon. This aligns 

with our finding that fish meals carried the 

highest histamine burden, while finished dry 

foods contained lower amounts, reflecting both 

dilution with other ingredients and the partial 

inactivation of microbial decarboxylases during 

extrusion. Montegiove et al. (2020) also empha-

sized that biogenic amines are stable to heat and 

therefore persist in the final product, under-

scoring the need for high-quality raw material 

selection. 

In the study by Paulsen et al. (2021b), while 

more cat food samples contained significantly 

higher amounts of tyramine, dog food samples 

contained significantly higher amounts of hista-

mine and spermine. However, in our study, 

sample with highest histamine content was cat 

food, and pet food samples without histamine 

were dog food. These results are consistent with 

the fact that the finished product, pet food, used 

in cat nutrition is based on a higher percentage 

of animal nutrients compared to dog food. In the 

aforementioned study median contents of his-
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tamine in a variety of canned food for dogs and 

cats on the Austrian market were 14.5 mg/kg, 

and maximum values were 61.6 mg/kg wet 

weight. This is in agreement with our results, 

although our research included a significantly 

smaller number of samples. Contrary to our re-

sults, these authors state a lower histamine con-

tent in fish-based pet food compared to fish-free 

pet foods. However, they analysed significantly 

more fish-free samples 

CONCLUSIONS 

This study provides relevant evidence on the 

occurrence of histamine in raw materials and 

pet foods, clearly showing that raw materials, 

particularly fish and chicken meals, could be 

major critical point for contamination. The de-

tection of concentration above 250 mg/kg in 

fish meal demonstrates the high susceptibility of 

these raw materials to microbial activity and 

emphasizes the need for rigorous monitoring. In 

contrast, other protein sources such as shrimp, 

lamb, quail, and pork showed no detectable his-

tamine, suggesting that the risk is species-de-

pendent. 

An important contribution of this work is the 

comparison between raw materials serving as 

protein sources in pet food and finished 

products. While extrusion and sterilization mar-

kedly suppress histamine production histamine 

levels, especially in canned foods, our results 

confirm that biogenic amines persist in dry pro-

ducts, with concentrations up to 54.24 mg/kg. 

This finding underlines that technological pro-

cessing cannot fully compensate for poor raw 

material quality, emphasizing the need for strict 

quality control at the earliest stages of produc-

tion. 

From a practical perspective, these findings 

point to the importance of sourcing high-quality 

raw materials, improving storage and transport 

conditions, and introducing systematic moni-

toring of histamine in both ingredients and final 

products. From a regulatory perspective, the re-

sults support the need for establishing specific 

threshold values for histamine in pet food, 

analogous to those already defined for human 

consumption. Future research should expand to 

other biogenic amines, assess synergistic toxic 

effects, and evaluate the impact on animal 

health under real feeding conditions. Overall, 

this study contributes valuable data for science 

community, industry, and regulators, represen-

ting an important step toward ensuring the sa-

fety and nutritional quality of pet food. 
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Sažetak: Histamin je biogeni amin koji nastaje mikrobnom dekarboksilacijom histidina i 

predstavlja značajan pokazatelj razgradnje proteina u sirovinama životinjskog porekla. Iako se 

tradicionalno povezuje sa ribom i ribljim proizvodima, nedavne studije su potvrdile njegovo 

prisustvo u hrani za kućne ljubimce koja sadrži riblja i mesna brašna. Faktori kao što su 

nepravilno skladištenje, povišena temperatura i produžen period skladišenja pre prerade 

značajno doprinose akumulaciji histamina. Zakonske granice za maksimalno dozvoljeni 

sadržaj histamina u hrani namenjenoj ljudskoj ishrani postoje; međutim, odgovarajući limiti za 

hranu za kućne ljubimce trenutno ne postoje. Ipak, povišeni nivoi histamina mogu negativno 

uticati na ukus hrane, apsorpciju hranljivih materija i zdravlje životinja, naročito kod osetljivih 

populacija kao što su mladunci i imunokompromitovani ljubimci. Ova studija ispituje nivoe 

histamina u različitim sirovinama životinjskog porekla i komercijalnoj hrani za kućne ljubimce 

(suvoj i konzervisanoj), sa posebnim fokusom na pileće i brašna divljači i ribe. Za analizu 13 

uzoraka sirovina za hranu za kućne lјubimce i 14 uzoraka hrane za kućne ljubimce korišćena je 

HPLC-UV metoda. Histamin nije detektovan u uzorcima proteinskog brašna od škampa, 

jagnjetine, prepelice ili svinjetine. U pilećem i ribljem brašnu, sadržaj histamina se kretao od 

23,86±2,60 do 256,98±14,69 mg/kg. U 8 od 10 uzoraka suve hrane za kućne ljubimce, nivoi 

histamina su se kretali od 9,18±0,56 do 54,24±4,12 mg/kg. U uzorcima konzervisane hrane za 

kućne ljubimce histamin nije detektovan. 

Ključne reči: histamin, mesno brašno, riblje brašno, hrana za kućne ljubimce 
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