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Abstract

The aim of our study to comparative the suitability of chromatographic techniques such as thin layer chromatography (TLC)-densitometry and high 
performance liquid chromatography (HPLC) for the analysis of biogenic amines in fish and meat products was carried out. The recovery percent of the 
tested biogenic amines spiked to sausage and smoked herring samples was 92.0-102.2% and 94.5-100.3 % for HPLC versus 86.2-98.5 % and 88.0- 98.0 
%for the recommended one-dimensioned TLC, respectively. It could be observed that there were not significant differences in the recovery percentages 
of tryptamine, β -phenylethylamine, putrescine, histamine and tyramine spiked to either sausage sample or smoked herring sample between the tested 
tow analytical methods. Therefore, the TLC-densitometry was found to be rapid and less expensive. In addition, this method is facile, fast, routine, 
cost effective and suitable method for the analysis of wide range eight biogenic amines   and simultaneous screening of several samples at a time.
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Introduction

 Biogenic amines (BAs) are low molecular weight organic bases 
with an aliphatic (putrescine, cadaverine, spermine, spermidine) aromatic 
(tyramine, phenylethylamine) or heterocyclic (histamine, tryptamine)
structure. They arise as a consequence of metabolic processes in animals, 
plants and microorganisms [1].

 Amines are naturally present in living organisms and, hence, in 
foods. These compounds play an important role in nucleic acid regulation 
and protein synthesis, and possibly in the stabilization of membranes [2,3]. 
Biogenic amines are produced by decarboxylation of free amino acids 
mediated by amino acid decarboxylase enzymes. Amino acid decarboxylation 
occurs through removal of the α-carboxyl group to give the corresponding 
amines [2-4]. Biogenic amines play essential roles in the normal 
development, metabolism and physiological functions of humans. However, 
when ingested in high concentrations they can cause a range of toxicological 
effects. The presence of some of these toxic compounds has been directly 
or indirectly related to a number of carcinogenic effects [5]. Moreover [6], 
demonstrated that polyamines stimulate the formation of mutagenic 1, N 

2-propanodeoxyguanosine adducts from acetaldehyde, the first metabolite of 
ethanol, explaining the carcinogenicity of alcoholic beverage consumption, 
especially at the gastrointestinal tract level. Gerner and Meyskens [7] 
reported that a positive correlation between cancer occurrence and 
polyamine consumption has been extensively. For example, high putrescine 
levels in gastric carcinoma are caused by Helicobacter pylori [8]. Tyramine 
and histamine, the most toxic biogenic amines (BAs), are often found in high 
concentrations in certain foods.  Surprisingly, tyramine had a stronger and 
more rapid cytotoxic effect than histamine. Their mode of action was also 
different, while tyramine caused cell necrosis, histamine induced apoptosis. 
To avoid health risks, the BA content of foods should be reduced and legal 
limits established for tyramine [9].

 The occurrence of biogenic amines, as well as controlling 
its limits in foods and food products, would not be possible without the 
supporting analytical methods which should be standardized and harmonized 
by different analysts. The complex sample matrix, the presence of potentially 
interfering compounds and the occurrence of several biogenic amines
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simultaneously in the same aliquot of an extract are typical problems 
encountered in the analysis of food for biogenic amines. Several methods 
have been reported for the analysis of histamine and other amines, which 
include fluorimetric, enzymatic and chromatographic techniques. Among 
these, only the chromatographic techniques have the capacity to separate 
the different biogenic amines. Chromatographic techniques such as thin 
layer chromatography (TLC) [10,11], gas chromatography GCand high 
performance liquid chromatography (HPLC) [12-20] have been used for 
the analysis of biogenic amines.In recently [21] developed  a competitive 
fluorescent molecularly imprinted polymer (MIP) assay to detect biogenic 
amines in fish samples. The methods used for analysis of food for amines 
individually would be extremely difficult and time-consuming, scince they 
require large- scale and laborious purification, as well as the time required 
for separation and determination of biogenic amines is also so long [22]. 
So, an accurate, economic, and rapid analytical method is urgently needed. 
In general, TLC is simple and dos not require special equipment, but most 
of the published methods suffer from the excessive time needed for analysis 
and / or inaccuracy of the obtained results.

 Therefore, the comparison study was carried out between the 
HPLC and the TLC techniques, for the determination of eight biogenic 
amines in the most acceptable samples of sausage and smoked herring fish.

Materials and Methods
Biogenic Amines Determination

 Eight biogenic amines included histamine, tyramine, tryptamine, 
cadaverine, spermine, putrescine, spermidine and β-phenylethylamine were 
extracted and determined in all tested samples according to [20] as follows

Reagents

 a- Chloroform, n-butanol, n-heptane, acetone, sodium hydroxide, 
sodium bicarbonate (NaHCO3), hydrochloric acid, trichloroacetic acid 
(T.C.A), benzene, triethylamine acetone. All chemicals used in the analytical 
analysis were produced by (Adwic- Co., El Nasr pharmaceutical chemicals, 
A.R.E.)  .Methanol, acetonitrile, diethylether and acetic acid of HPLC grade, 
produced by (BDH, England).The pure standard biogenic amines and dansyl 
chloride were produced by (Sigma- Co., Louis, MO 63178 U.S.A). TLC 
plates aluminum sheets (20 x 20 cm) precoated with silica gel G 60 without 
Fluorescence indicator, 1.05553, Layer thickness 0.2 mm, (E.Merck, 64271 
Darmstadt, Germany)  Dansyl chloride (5- { Dimethylamino} naphthalene 
-1- sulfonyl chloride) ( Sigma Co. Louis, Mo 63178 U.S.A).Histamine-
2HCl, tyramine - HCl, cadaverine - 2 HCl, putrescine -2 HCl, tryptamine - 2 
HCl, spermine - 4 HCl, spermidine -3HCl and β -phenylethylamine were 
purchased from (Sigma- Co. Louis, Mo 63178 U.S.A).b)  Dansyl chloride 
solution: 500mg of dansyl chloride  were dissolved in 100 ml acetone.

 b- Standard solutions: Stock standard solutions of the tested  
amines: 25 mg of each standard pure amines  histamine-2HCl, tyramine - 
HCl, cadaverine - 2 HCl, putrescine -2 HCl, tryptamine - 2 HCl, spermine - 4 
HCl, spermidine - 3 HCl and β -phenylethylamine  were dissolved in 50 ml 
distilled water individually andstored at -18°C until used.

 c-  Working standard solutions  two milliliters of each stock 
standard solution were pipetted into 100 ml volumetric flask and diluted 
to volume with 5% trichloroacetic acid (TCA). This solution is prepared 
freshly (weakly) and stored in a refrigerator.

Mobile phase solvents consists of

Apparatus

 High performance liquid chromatography (HPLC) was used 

to dansylamines determination. The system equipped with (Waters 600) 
delivery system.

 HPLC column:  Reverse phase C18 Nucleosil column 250 x 4 
mm, 10 µm packing, (Macherey - Naggl). The detection was performed using 
U.V detector (waters 486) at 254 nm wavelength, using linear program of 25 
min period and 1 ml / min constant solvent flow rate. Data were integrated 
and recorded using a Millennium Chromatography. Manger Software 2010 
(Waters, Milford MA 01757).

Determination of dansylamines by TLC- densitometry

 The chromatographic separation was carried out to separate 
the eight dansylamines by one- dimensional TLC.Ten microliters of 
standard dansylamine and the samples extract were spotted 2.0 cm from 
the base of the TLC plates using a Hamilton microsyring. The plate was 
developed in a different suggested solvent system included 1- benzene 
/ triethylamine (5:1) 2-benzene: triethylamine: acetone (10:2:1) and 3- 
chloroform: benzene: triethylamine (6: 4.5:1) for 17 cm. highest. Then, 
the Rf values were determined. The plate was dried at room temperature 
until the excess of solvent disappeared. The resulting zones were examined 
and marked under long ultraviolet wavelength (360 nm). The marked areas 
were determined using CS- 9000 Dual wave length flying - spot scanning 
densitometer (SHIMADZU) using wavelength 254 nm. Standard curve 
of each dansylamine was used to calculate the concentrations of biogenic 
amines in the tested samples in Research Center of poisons and Narcotics, 
Faculty of Science, Cairo University.

Extraction

 Twenty five gram of homogenized smoked herring flesh or 
sausages was blended with 125 ml of 5% TCA for 3 min using a warning 
blender then filtration was achieved using filter paper Whatman No. (1) 
England. Ten milliliters of the extracts was transferred into a suitable 
culture tube with 4g NaCl and 1 ml of 50 % NaOH then shake and extracted 
three times by 5 ml n-butanol: chloroform (1:1 v/v) stoppered and shake 
vigorously for 2.0 min. followed by centrifugation for 5.0 min. at 3000 
rpm and the upper layer was transferred to 50 ml separating funnel using 
disposable Pasteur pipette. To the combined organic extracts (upper layer), 
15 ml of n-heptane was added and extracted three times with 1.0 ml portions 
of 0.2 N HCl, the HCl layer was collected in a glass stoppered tube. Solution 
was evaporated just to dryness using water bath at 95°C with aid of a gentle 
current of air.
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Formation of dansylamines

Two hundred µl of each stock standard solution (or sample extract) were 
transferred to a culture tube and dried under vacuum. About 0.5 ml of 
saturated NaHCO3 solution was added to the residue of the sample extract 
(or the standard). Stoppered and carefully mixed to prevent loss- due to 
spattering. Carefully, 1.0 ml dansyl chloride solution was added and mixed 
thoroughly using vortex mixer. The reaction mixture was incubated at 55°C 
for 45 min. About 10 ml of distilled water were added to the reaction mixture, 
stoppered and shaked vigorously using vortex mixer, then the extraction 
of dansylated biogenic amines was carried out using three times of 5.0 ml 
portions of diethylether, stoppered, shake carefully for 1.0 min and the ether 
layers were collected in a culture tube using disposable pasteur pipette. The 
combined ether extracts were carefully evaporated at 35°C in dry bath with 
aid of current air. The obtained dry film was dissolved in 1ml methanol, then 
10 µl injected in HPLC.

Calibration

Two hundred of each stock standard solutions were transferred to glass 
stoppered tube. Using a current of air on dry bath, at 90°C the solution 
the solution was evaporated to < 200 μl. Dansyl derivatives were prepared 
above the residue was dissolved in 5.0 ml acetonitrile (1ml = 20 μg or 50 μl 
= 1μg each of the derivatives).Injection was carried out using 10- 20 μl of 
each calibrated.

Calculation

Peaks area of each of the eight dansylamines (standard or the examined 
sample) were obtained from the HPLC Millennium report and the 
concentrations were calculated according to the follow equation:                                                             
ppm of each dansylamine = (P /P*) x dilution factor of sample.
P* = peak area of standard.

Recovery determination

For the recovery assay, accuracy, a known amount of biogenic amines was 
added is mixture to a samples to the most acceptable of sausage and smoked 
herring fish from biogenic amines to a level of 20 mg /kg (3 samples of 
each). Extraction, separation, and quantitative procedures were done using 
TLC and HPLC as previously described.

Statistical Analysis

The experiment followed randomized complete block design. The obtained 
data were subjected to analysis of variance (ANOVA) according to [23] 
using Mstate Programmed. Least significant differences were used compare 
between means of treatments according to [24] at probability 5%.

Results and Discussion

The dansyl derivatives could be easily detected at a very low concentration 
under UV Light due to their fluorescent characteristics. The obtained results 
of (table 1) and (figures (3&4)) indicated that the Rf values calculated 
during the separation of mixture of the eight dansylamine (tryptamine, 
putrescine, cadaverine, spermidine, histamine, spermine, tyramine and β 
-phenylethamine )  by the suggested 3 solvents system using one dimensional 
TLC technique. It is clear from them presented data that solvent system 
No.1 Benzene: Triethylamine (5:1), system No.2 Benzene: Triethylamine: 
Acetone (10:2:1) and system No. 3 chloroform: Benzene: Trimethylamine
(6: 4.5: 1) showed different levels of separation depending on the tested 
dansylamine.  However the first system was showed an obvious separation 
of only four dansylamines namely (spermidine, histamine, tyramine 
and β -phenylethamine), but the second system was resulted in marked 
separation of only six dansylamines (tryptamine, putrescine, cadaverine, 
spermidine, histamine, spermine,) from the tested eight compounds with 
an occurrence of an interference between histamine and spermine, which 
means that this system is not recommended for the detection of histamine 
and spermine. Also, the above data of (table 1) and (Figure 3&4) illustrated 
that the best separation of the tested eight amines was achieved by using 
the solvent system No.3chloroform: benzene: triethylamine (6: 4.5: 1).

The chromatogram of standard biogenic amines: spermine, tryptamine, 
β -phenylethamine, putrescine, cadaverine, histamine, tyramine and 
spermidine as (Figure 2) Indicated the efficiency of resolution with respect 
to retention time for the identification of the responded authentic samples.

By using the solvent system No.3Chloroform: Benzene: Triethylamine (6: 4.5: 1).
The comparison study between the accuracy (% recovery of amines) of the 
HPLC and the recommended one-dimensioned TLC technique (system No. 
3 ) for determination the tested eight biogenic amines in spiked sausage and 
smoked herring (table 2) .

 

 

25 g food sample + 125 ml of TCA 5% in warring blender (3min)

 

10 ml Extract + 4 g NaCl + 1 ml NaOH 50% in culture tube

 

Extraction by 3 x5 ml CHCL3 + butanol (1:1) 

 

Extraction by 1 x 3 ml HCl 0.2 N

 

0.5 ml NaHCO3 +1 ml dansyl chloride

 

Incubation 45 min. at 55°C

 

Extraction by 10 ml distillated water + 3 x 5 ml diethylether

 

Evaporation of diethylether extract at 35°C

 

Dissolving   in methanol 

Collection 3  ml extract 

Evaporation at 95°C 

Dansaltion 

+ 15 ml n-heptane   

Centrifugation

 

Shaking by vortex 

Filtration                                         
 

Fig.(1):Schematic Diagram of biogenic amines determination (Deabes2000).

Injection in HPLC Spotting on TLC
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Developing system Rf values

Trypt Put Cad Spd His Spm Tyr β-ph

1-Benzene: TEA 5:1 0.09 0.06 0.08 0.09 0.20 0.13 0.33 0.14

2-Benzene: TEA: 
Acetone   10:2:1

0.41 0.30 0.34 0.36 0.37 0.24 0.48 0.50

3-Choloroform:
Benzene: TEA
6: 4.5:1

0.66 0.72 0.79 0.82 0.86 0.89 0.93 0.95

Table 1: Rf values of the tested biogenic amines

TEA= triethylamine, Spm= spermine, Trypt= tryptamine, β-ph= β-phenylethylamine, put= putrescine, Cad= cadaverine, His= histamine,  
tyr= Tyramine, Spd= spermidine.

Spm=spermine,Tryp=tryptamine,3)Bph= β-phenylethamine, put= putrescine, cad=cadaverine, his=histamine,tyr- tyramine, spd=spermidine.
Fig.(2): Dansylated of standard biogenic amines overviewed by HPLC.

       Time
        min.

     Flow rate
       ml/min

Solvent Curve

  A%  B%

0 1 25 75 -

10 1 10 90 6

20 1 5 95 6

25 1 25 75 6

Mobile phase solvents consists of:
Solvent A: Acetonitrile: 0.02 N acetic acid (1:9) and
Solvent B: 0.02N acetic acid: acetonitrile: methanol (1: 9: 9).
Solvent A and B were used in gradient elution program as follow:

2.00

1.50

1.00

0.50

0 00

A
U

Amines (254.00nm

0 00         5.00                   10.00                 15.00                20.00              25α
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Fig.(3) Densitometric chromatogram of eight biogenic amines standard on silica gel TLC plate.
1-tryptamine, 2-putrescine,3-cadaverine, 4-spermidine, 5-histamine, 6- spermine, 7-tyramine and 8- β -phenylethylamine.

Fig.(4) TLC separation of the tested eight dansylamines using Chloroform: Benzene: Triethylamine (6: 4.5: 1).
1-tryptamine,2-putrescine, 3-cadaverine, 4-spermidine, 5-histamine, 6- spermine, 7-tyramine and 8- β -phenylethylamine.
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  0.290
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31.00
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Biogenic 
amines

Sausage Herring

HPLC TLC HPLC TLC

BA %R BA %R BA %R BA %R

Spm 18.4 92.0a 17.2 86.2b 19.1 95.5a 18.1 90.4b

Trypt 19.2 96.2a 19.5 97.7a 18.9 94.5a 19.0 95.1a

β –ph 19.4 97.0a 19.7 98.5a 19.3 96.5a 19.4 96.9a

Put 20.0 100.0a 19.6 97.9a 19.8 99.0a 19.7 98.5a

Cad 20.5 102.5a 18.8 94.1b 20.1 100.3a 18.4 92.0b

His 19.9 99.5a 19.9 99.3a 19.8 98.8a 19.4 97.1a

Tyr 17.0 95.1a 19.0 95.1a 18.9 94.5a 18.7 93.7a

Spd 19.3 96.5a 18.5 92.7b 19.0 95.0a 17.6 88.0b

Table 2:  Recovery of biogenic amines from spiked sausage and smoked herring fish using HPLC and TLC.

Spm= spermine, Trypt= tryptamine, β-ph= β -phenylethylamine, put= putrescine, Cad= cadaverine, His= histamine, tyr= Tyramine, Spd= 
spermidine, BA= biogenic amines, %R=% revovery

In order to evaluate the accuracy-recovery of the HPLC and the recommended 
one-dimensioned TLC (system No.3) for determination the tested eight 
biogenic amines, 20 mg/kg of each amine was spiked to both sausage and 
smoked herring samples. The obtained results (table 2) cleared that all the 
tested biogenic amines were detected by the two analytical methods. On 
the other hand, the recovery percent of the tested biogenic amines spiked 
to sausage and smoked herring samples was 92.0-102.2% and 94.5-100.3 
% for HPLC versus 86.2-98.5 % and 88.0- 98.0 %for the recommended 
one-dimensioned TLC, respectively. In addition to, it could be observed 
that there were not significant differences in the recovery percentages of 
tryptamine, β -phenylethylamine, putrescine, histamine and tyramine spiked 
to either sausage sample or smoked herring sample between the tested 
two analytical methods. It is worth to mention that high-pressure liquid 
chromatography (HPLC) offer some advantages in accuracy and flexibility, 
yet there are some difficulties in its availability, cost and experience and also 
the apparatus needed are usually available to only the most sophisticated 
analytical laboratories due to their higher costs and they also require special 
experience for operators. On the other hand, the developed TLC technique 
system No. 3 Chloroform: Benzene: Triethylamine (6: 4.5: 1) that was 
reached through this study can assay numerous samples with a minimum 
of time, effort and cost and also it is simpler has satisfactory accuracy, 
therefore it can be available in all food testing laboratories for quantitative 
and qualitative determination of all tested biogenic amines.

Conclusion

The routine to analysis of fish and meat and their products, the TLC method 
using precoated with silica gel G 60 without Fluorescence indicator. The 
separation of eight biogenic amine on TLC system No. 3 Chloroform: 
Benzene: Triethylamine (6: 4.5: 1) and determination by densitometry. It  can 
be used as a quick screening method to assess the presence of eight biogenic 
amines. This method can be easily adopted by regulatory agencies and 
food industries as a qualitative and quantitative tools for the simultaneous 
analysis of the quality.
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