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ARTICLE INFO ABSTRACT 

Keywords   This study evaluated chemically the quantity of six biogenic amines "histamine, tyramine, 

putrescine, cadaverine, tryptamine and phenylethylamine" in forty hard cheese samples 

(Cheddar and Ras) (20 of each) sold in retail markets in Zagazig City Sharkia Governorate 
using high performance liquid chromatography (HPLC) and correlation with compositional 

quantity of cheese (pH, salt%, moisture% and acidity%). Our results showed the mean values 

of pH, salt, moisture and acidity were (5.5±0.02 and 4.79±0.11), (1.53±0.04 and 4.42±0.05%), 
(40.45±0.24 and 38.64±0.34%) and (0.84 ±0.01 and 1.70±0.04%) in Cheddar and Ras cheese 

samples, respectively. The mean values of total biogenic amines were 12.65±2.7and 28.95±4.6 

mg/100g in Cheddar and Ras cheese samples, respectively. There was a negative correlation 
between (pH value and moisture %) and biogenic amines production but the positive 

correlation was found between (salt and acidity %) and biogenic amines production. Finally, it 

was found that all Cheddar and Ras cheese samples were accepted according to maximum 
permissible limit of Egyptian organization standard (EOS, 2007) which is 20mg/100g. All 

samples were accepted according to maximum permissible limit of Food and Drug 

Administration (FDA, 2001) which is 10mg/100g except 60 and 90 % of Ras cheese samples 
are accepted for histamine and putrescine, respectively. On conclusion, optimization and 

standardization of milk quality and hygiene during cheeses manufacturing and storage should 

be taken for human safety. 
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1. INTRODUCTION 

 
Cheese is considered the most consumed dairy product in the 

world as it is considered a good source of calcium, proteins, 

fatty acids, vitamins and minerals. In addition, the high 

digestibility of proteins due to proteolytic activity during 

ripening of cheese. Also, it is considered a suitable food for 

patients who suffering from diabetes or lactose 

malabsorption, due to low lactose content (Kayagil, 2006). 

Biogenic amines (BAs) are low molecular weight 

nitrogenous basic, organic compo-unds, usually formed by 

removal of the alpha-carboxyl group (decarboxylation) of 

corresponding amino acids leading to Biogenic amines 

formation, e.g., histamine from histidine, tyramine from 

tyrosine, cadaverine from lysine, tryptamine from 

tryptophan, putrescine from ornithine and phenylethylamine 

(PEA) from phenylalanine (Bodmer et al.,1999). BAs levels 

in cheese influenced by several factors as pH, salt %, 

moisture%, acidity%, milk pasteurization, level of 

proteolysis, general hygienic conditions, storage time and 

temperature, type of cheese and the presence of 

microorganisms having decarboxylase activity (Lehane and 

Olley, 2005). Some types of cheeses, like hard cheeses, 

represent an ideal food for accumulation of BAs due to a 

longer ripening period (Maintz and Novak, 2007). 

 Histamine plays an important role in food poisoning 

incidents due to its action on cardiovascular system as 

vasodilator and on the central nervous system as 

neurotransmitter, so high histamine levels lead to migraine, 

headaches, vertigo, anaphylaxia, hypotension, nausea, 

vomiting and arrhythmia ( Novella et al.,2003 and Ladero et 

al., 2008). Tyramine is the most frequent biogenic amine 

found in cheese, reaching levels higher than 1000 mg/kg 

(Fernández et al., 2006). Term ‘cheese reaction’ refers to 

tyramine intoxication from cheese (Ten Brink et al., 1990). 

Polyamines (putrescine and cadaverine) may enhance 

histamine toxicity by inhibiting its catabolism. In addition, 

they are associated with cancer growth and development by 

formation of carcinogenic N-nitrosamine (Gerner, 2004 and 

Moinard et al., 2005).There are several analytical techniques 

for detection the levels of BAs in various foods, among them 

HPLC with a detection limit 0.1 mg/kg so, this method 

usually applied for official control (EFSA, 2011). There are 

two reasons for evaluation of BAs content in foods: their 

toxic effect on human health and using them as quality 

indicators (ÖNAL, 2007).  

The aim of this work was to estimate the BAs in hard cheeses 

and correlate their levels with pH, salt %, moisture % and 

acidity %, then finally comparing our results with EOS 

(2007) and FDA (2001). 
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2. MATERIAL AND METHODS 

2.1. Collection of samples 
Forty random samples of hard cheeses (Cheddar and Ras) 

(20 of each) were collected from retail markets in Zagazig 

city, Sharkia Governorate. Samples were analyzed 

chemically for estimation of pH, salt%, moisture % and 

acidity %. Also examined to quantify their content of BAs 

"histamine, tyramine, cadaverine, tryptamine, putrescine 

and phenylethylamine". 

 

2.2. Chemical analysis:  

Each cheese sample was prepared according to AOAC 

(2016). Measuring the pH value by inserting electrical pH 

meter (900 NEL brand pH meter) directly into previously 

prepared sample. Salt %, moisture% and acidity % were 

determined according to AOAC (2016). 

 

2.3. Determination of biogenic amines: 

Six BAs including "histamine, tyramine, cadaverine, 

putrescine, tryptamine and phenylethylamine" were 

determined in all examined cheese samples in National 

Research Center in Egypt according to the method adopted 

by (Moret and Conte, 1996). 

2.3.1. Preparation of Standard solutions:  

The standard solutions of the tested BAs were prepared by 

adding weighed amount of each amine (100mg) to a flask of 

100ml volume and dissolving in required amount of distilled 

water individually. 

2.3.2. Extraction of samples:  

In cheese analysis, two extractions were carried out (10g of 

each cheese sample was homogenized well and blended with 

20ml of 0.1M HCL. The extracts were saturated with 

Sodium chloride and adjusting pH to (11.5) by automatic 

titrator. The extraction with 5 ml butanol, a solvent was 

carried out in a separated funnel with blending and agitation 

for 30 minutes. 

2.3.3. Derivatization:  

In a test tube, 1ml of organic extract was dried under 

vacuum, after 2 drops of 1M HCl had been added, then 1 ml 

of 0.1 M HCl, 0.5 µl saturated standard solution of Sodium 

bicarbonate and I ml of dansyl Chloride (5mg/ml) were 

added, then incubation at 40 °C for 1h then the solution was 

dried under vacuum, and the solvents were added followed 

by HPLC injection.   

2.3.4. Chromatographic fractionation: 

High performance liquid chromatography used for 

dansylamines determination was an Agilent 1100 HPLC 

system, Agilen Technologies, Waldbronn, Germany, 

equipped with quaternary pump model G 1311A, UV 

detector (Model G 1314A) set at 254 nm wavelength  and 

the data were recorded by Software program 2010. The 

mobile phase consists of solvent A: acetonitrile and solvent 

B: water with flow rate 0.8 ml/ min. 
 

 
Chromatograms of the areas of biogenic amines standard solutions derivatized by HPLC. 

PE: Phenylethylamine (RT= 6.5 min). B: Putrescine (RT= 11.4 min). C: Cadaverine 

(RT= 13.9 min). H: Histamine (RT= 14.7 min). P: Tryptamine (RT= 17.1 min). T: 

Tyramine (RT= 18.3 min) 

 

3. RESULTS 
 
Results achieved in table (1) declared that the mean values 

of pH, salt %, moisture % and acidity % in Cheddar cheese 

samples were 5.5±0.02, 1.53±0.04 %, 40.45±0.24 % and 

0.84±0.01 %, respectively. In Ras cheese samples the mean 

values of pH, salt %, moisture % and acidity % were 

4.79±0.11, 4.42±0.05 %, 38.64±0.34 % and 1.70±0.04 %, 

respectively. 

Table (2) declared that the incidence of BAs in the examined 

Cheddar and Ras cheese samples were70 and 80% for 

histamine, 80 and 90% for tyramine, 70 and 80% for 

cadaverine, 80 and 80% for putrescine, 45 and 70% for 

tryptamine and ND and 65% for PEA, respectively with a 

mean values of 3.34±0.89 and 8.28±1.03mg/100g for 

histamine, 5.29±0.76 and 4.32±0.74 mg/100g for tyramine, 

1.39±0.66 and 3.68±1.46 mg/100g for cadaverine, 

1.94±0.30 and 7.44±0.96 mg/100g for putrescine, 0.69±0.11 

and 2.83±0.28 mg/100g for tryptamine while ND and 

2.40±0.17 mg/100g PEA, in the examined samples 

respectively. 

 
Table 1 Statistical analytical results of pH, salt%, Moisture% and Acidity% in the examined Cheddar and Ras cheese samples (n=20 each). 

Acidity % Moisture% Salt% pH value Cheese type 

Mean ± SEM* Range Mean ± SEM* Range Mean ± SEM* Range Mean ± SEM* Range 

0.84±0.01 0.69-0.93 40.45±0.24b 38.70-42.1 1.53±0.04 1.20-1.9 5.5±0.02 5.34 -5.75 Cheddar 

1.70±0.04 1.35-1.93 38.64±0.34a 35.90-40.4 4.42±0.05 4.00 -4.8 4.79±0.11 3.78-5.45 Ras 

*Standard error mean. Mean values in the same column with the different letters are significantly different (P<0.05). 
 
Table 2 Statistical analytical results of BAs mg/100g in examined Cheddar and Ras cheese samples (n=20 each). 
 

Biogenic amines mg/100g 

Cheese types 

Cheeder cheese Ras cheese 

No. % Range Mean ± SEM* No. % Range Mean ± SEM* 

Histamine 14 70 0.20 –10.00 3.34±0.89b 16 80 0.60 – 13.40 8.28±1.03a 

Tyramine 16 80 1.00 -10.02 5.29±0.76a 18 90 0.20- 9.00 4.32±0.74a 

Cadaverine 14 70 0.04 -10.44 1.39±0.66a 16 80 00.10- 9.08 3.68±1.46a 

Puterscine 16 80 0.10 -3.51 1.94±0.30b 16 80 0.40- 11.20 7.44±0.96a 

Tryptamine 9 45 0.20- 1.23 0.69±0.11 14 70 1.60-5.10 2.83±0.28 

PEA ND* 13 65 1.00-3.00 2.40±0.17 

*Not detected. Mean values in the same column with the different letters are significantly different (P<0.05). 

 
Table (3) illustrate the correlation coefficient between (pH, 

salt%, moisture% and acidity %) and BAs formation in 

examined cheese samples, in which there was a negative 

correlation at the 0.05 level between (pH value and moisture 
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content) and BAs production, but there was a positive 

correlation at the 0.01 level between (salt content and acidity 

%) and BAs production. Inspection of table (4) showed that 

all Cheddar cheese samples were accepted according to 

maximum permissible limit of BAs in FDA (2001) 

(10mg/100g) and EOS (2007) (20mg/100g). On the other 

hand, all Ras cheese samples are accepted according to EOS 

(2007) and FDA (2001) except 40, 10 % exceeded the MPL 

of histamine and putrescine stated by FDA (2001). The 

acceptable level of tryptamine and PEA in cheese is not 

available. 
 
Table 3 Correlation between chemical analysis and biogenic amines 

production in examined hard cheese samples. 
Biogenic 

amines 

pH Salt% Moisture

% 

acidity

% 

Histamine -0.008 0.244* 0.001 0.525** 

Tyramine 0.062 -0.113 0.223 0.362** 

Cadaverin

e 

0.131 -0.084 -0.102 -0.157 

puterscine -0.074 0.299* -0.105 0.537** 

tryptamine -0.369* 0.570*

* 

-0.523** 0.140 

PEA 0.029 0.280* -0.615** 0.072 

**. Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 

0.05 level (2-tailed) 

 
Table 4 Comparison of biogenic amines levels in hard cheese samples with 

International and Egyptian legislation (n=20). 
Accepted samples including negative samples 

*MPL according to FDA (2001)  

(10 mg/100g) 

**MPL according to EOS (2007)  

(20 mg/100g) 

 Cheddar Ras Cheddar Ras 

NO. % NO. % NO. % NO % 

Histamine 20 100 12 60 20 100 20 100 

Tyramine 20 100 20 100 20 100 20 100 

Cadaverine 20 100 20 100 20 100 20 100 

Puterscine 20 100 18 90 20 100 20 100 

*Maximum permissible limit according to FDA (Food and Drugs administration).** 

Maximum permissible limit according to EOS (Egyptian organization of standards).  

 

4. DISCUSSION 

 
Several chemical factors as pH, NaCl %, moisture % and 

acidity % can influence the decarboxylase activity of 

microorganism producing BAs during the production and 

fermentation of dairy products. Biogenic amines formation 

can be accelerated by an acidic pH where decarboxylase 

enzyme become more active with optimum pH (5.0) which 

responsible for BAs formation. Moreover, the bacterial 

growth can increase the level of BAs, by the production of 

the decarboxylase enzyme (Lazaro et al., 2013). Table (1) 

showed higher pH value in the examined Cheddar cheese 

samples than Ras cheese samples. Lower results were 

attained by Morad et al. (2017), but higher result was 

obtained by Dahmash (2019).  

Salt has a role in controlling the microbial growth, various 

enzyme activities in cheese, reducing of cheese moisture 

content, and physical changes in cheese proteins that can 

influence cheese texture, flavor and also formation of BAs 

(Hayaloglu et al., 2002). It is evident from table (1) that the 

mean value of salt % in examined Cheddar and Ras cheese 

samples was nearly similar to the results obtained by Farag 

(2018). Lower results were obtained by Awad (2018), but 

higher result was obtained by Khaled (2014).  

Retaining moisture in cheese making is very important to 

obtain desired texture and control flavor development by the 

beneficial bacteria (Lee et al., 2011). Higher moisture % was 

observed in Cheddar cheese samples than Ras cheese 

samples. Our results were agreed with Farag (2018), but 

higher result was obtained by Dahmash (2019), and lower 

result was obtained by Al–Dawlatly (2017).  

Mean value of acidity % in Cheddar cheese samples was 

lower than Ras cheese samples may be due to storage at 

refrigerator temperature (4-10 0C) and good manufacturing 

conditions. Lower result was obtained by El-Mossalami 

(2003), but higher result was obtained by Khaled (2014).  

Biogenic amines estimation is very important due to their 

high incidence in different cheese types, especially ripened 

cheeses, and due to their hazard effect on human health. 

Also, the fact that BAs are produced not only by microbial 

dairy contaminants of different origins but also by the 

microbiota which used in the fermentation of dairy products, 

such as LAB, yeasts, and moulds, prohibits their control by 

traditional means (EFSA, 2011).  

Dietary histamine is detoxified rapidly by mono and diamine 

oxidases, but high amounts ingested with food resulted in 

histamine which characterized by an incubation period from 

a few minutes to hours. The symptoms of histamine 

poisoning are related to effects on blood vessels and smooth 

muscles, and include headache, nasal discharge, 

bronchospasm, tachycardia, hypotension, edema in eyelids, 

pruritus, flushing and asthma (Maintz and Novak, 2007). 

The results recorded in Table (2) showed higher histamine 

concentrations in the studied Ras cheese samples than 

Cheddar cheese samples may be due to enzymatic activity of 

proteases which derived from microorganisms which reflect 

the bad hygienic condition during production and storage ( 

Abo El- Makarem and Amr, 2016). Lower results were 

gained by Joong et al. (2004), but higher results were 

obtained by Awad (2018). Nearly similar results were 

obtained by Mohamed (2004). Tyramine is the prevailing 

BA in the dairy products and is related to BA-mediated dairy 

borne intoxications specified as “cheese reaction” (Ten 

Brink et al., 1990). Mean value of tyramine in examined 

Cheddar cheese samples was higher than Ras cheese samples 

may be due to production of tyrosine decarboxylase enzyme 

by many lactic acid bacteria (Bunkova et al., 2010). Higher 

results were obtained by Amin et al. (2017) and Awad 

(2018), but lower results were obtained by Mohamed (2004).  

The presence of cadaverine in fermented dairy products has 

an indirect hazard to consumers, as they may potentiate the 

toxicity of tyramine and histamine, by inhibiting the 

enzymes of detoxification. (Flick et al., 2001). Mean value 

of cadaverine in Ras cheese samples was higher than 

Cheddar cheese samples may be due to high lysine 

decarboxylase activity of some pathogenic 

Enterobacteriaceae (Marino et al.,2000). Nearly similar 

results were observed by El-Mossalami (2003), but higher 

results were obtained by and Ekbal and Amr (2010).  

Putrescine may react with NO2 to form carcinogenic 

nitrosamines, also it considered as spoilage indicators. 

Putrescine has a role in enhancement of toxic effects of other 

BAs by inhibition of detoxifying enzymes (Valsamaki et 

al.,2000). Mean value of putrescine in the examined Ras 

cheese samples was higher than Cheddar cheese samples. 

Higher results were obtained by Mayer et al. (2010), but 

lower results were obtained by Mohamed, (2004).  

Tryptamine is formed by decarboxylation of its precursor 

amino acid, tryptophan and found in a broad extend of 

concentrations in definite meats, cheese, alcoholic drinks 

and different fermented foods. Once is formed, it is difficult 

to be destroyed either by pasteurization or cooking. Its risk 

effects on humans represented by eruption, migraine 

hypertension and hypotension (Gnog et al., 2014). Mean 
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value of tryptamine in the examined Ras cheese samples was 

higher than Cheddar cheese samples. Lower levels were 

acquired by Awad (2018), but higher results were obtained 

by Khaled (2014).  

Ingestion of high-level PEA has been related to some 

symptoms like headache, vertigo and discomfort. Symptoms 

appear after 30 min to a few hours and completely ended 

after 24 h. (EFSA, 2011). In Ras cheese samples the mean 

value of PEA was 2.40±0.17mg/100g. Higher results were 

obtained by Al–Dawlatly (2017), but not detected in 

Cheddar samples. Our results agreed with Rodriguez et al. 

(2014). From the previous results we found that the low level 

of PEA may be attributed to degradation effect of some lactic 

acid bacteria on BAs by oxidase enzymes (Tosukhowong, 

2011). This high incidence with low quantities of BAs are 

not considered a health hazard as small amounts of BAs are 

normally metabolized physiologically to fewer active forms 

in human gut (Sanh and Senel, 2015). It was noticed in table 

(3) that there was negative correlation at 0.05 level between 

(pH value and moisture content) and BAs production. 

Identical results were attained by Swelam (2017) and Farag 

(2018). But there was positive correlation at 0.01 level 

between (salt content and acidity %) and BAs production. 

Our results agreed with results obtained by Swelam (2017) 

and Farag (2018). So, we conclude that BAs production is 

considered a protective mechanism of microorganisms 

against acidic environments. Finally, table (4) compared the 

level of BAs in examined cheese samples with International 

and Egyptian standards in which 40% and 10% of Ras 

cheese samples were unfit based on their contents of 

histamine and putrescine according to Food and Drug 

Administration limit (10mg/100g). As recommendation, the 

allowable level of BAs according to EOS (2007) should be 

altered to assembly the standard stipulated by FDA (2001) 

for obtaining safer product. 

 

5. CONCULOSIONS 

 
The assessment of results obtained allow to conclude that the 

higher BAs levels were found in Ras cheese than Cheddar 

cheese samples this is may be due to using low quality raw 

material or bad storage condition during ripening leading to 

contamination with BAs producing microorganisms. So 

strict hygienic conditions should be taken from farm until 

reaching to consumer. 
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