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A REVIEW OF HPLC METHODS FOR 
T H E  DETERMINATION OF SELECTED 

BlOGENlC AMINES IN FOODS 

W. JEFFREY HURST 

P.  0. Box 805 
Herskey Foods Technical Center 

Hersltey, Pertnsylvania 17033 

ABSTRACT 

This manuscript sumnarizes HPLC methodologies used for the 

determination o f  selected biogenic amines i n  foods. It includes 

methods of extraction of these compounds, methods used to 

eliminate potential interferring compounds and the HPLC 

deten i nant step. 

INTRODUCTION 

The biogenic amine class encompasses a substantial 

number o f  diverse structural elements.Individua1 members o f  

this class can either be aromatic or aliphatic. The purpose of 

this review is not to provide a treatise on all members o f  

1 

Copyright 0 1990 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2 

Table 1 

6 Corresponding Biogenic k i n e  
Precursor h i n o  Acid 

HURST 

Precursor Amino Acid 

Tyros i ne 
Tryptophan 
Pheny 1 a 1 an i ne 
H i  s t  i d  ine 

Biogenic Amine 

Tyramine 
Tryptamine 
Pheny 1 ethy l  am ine 
Histamine 

t h i s  diverse class but t o  provide an overview on the use o f  

HPLC techniques t o  accomplish t h i s  assay i n  foodstuff. This 

review w i l l  r e s t r i c t  i t s e l f  t o  a select few members o f  t h i s  

class tha t  are outl ined i n  Table 1. Since these compounds are 

deamination products o f  selected amino acids, the precursor 

amino acid and resu l t ing  biogenic amine are provided. 

These compounds are also cal led the ''pressor amines" 

and the ingestion o f  cer ta in  members o f  t h i s  class by patients 

taking monoaminoxidase (MAO) inh ib i to rs  can cause s ign i f i can t  

side effects,so the interest i n  biogenic amines i n  foodstuffs 

is evident. There are several excellent references on the 

chemical and physiological characterist ics o f  the compounds(1 

-6) and it is beyond the scope o f  t h i s  review t o  adequately 

cover th i s  subject area. Rather it w i l l  focus on analy t ica l  

methodology using HPLC t o  accomplish t h i s  determination. 

Pr ior  t o  the introduction of HPLC, methods i n  use f o r  

t h i s  assay involved the use o f  other techniques such as paper 

chromatography, t h  i n  1 ayer chromatography ,gas chromatography 
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SELECTED BIOGENIC AMINES IN FOODS 3 

and spectrofluoromatry(7-11). Many of these techniques are 

still currently used but HPLC has replaced them in many cases. 

Extraction 

Prior to any final determinant step the compound of 

interest must first be extracted from the matrix. In the case 

of liquids,no extraction is usually necessary but in the case 

o f  sol id foods,extraction sometimes followed by other forms o f  

sample preparation is necessary. This portion o f  the manuscript 

will outline some extraction protocols used in the HPLC 

determination of biogenic amines. 

The most prevalent method used to initially extract the 

biogenic amine is solvent extraction with acid. The acid is 

used to insure that all the amines are dissolved. Three kinds 

of acid have been used in various methods and include HCl, 

HC104 and TCA . After the initial extraction, additional 
steps are used to further isolate the compounds. Table 2 

provides the extracting solution composition and matrix for a 

number of these determinations and includes not only those 

acidic solutions used but also sane alternatively used solvent 

systems. 

As can be seen in Table 2 the most prevelant extracting 
solvent is an acidic medim. In soate cases HPLC was not used 

for the final step but the information is provided for 
completeness and the use of this solvent would probably result 

in an extract suitable for further analysis by HPLC. 
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4 HURST 

Table 2 

Stmmry o f  Solvents Used to Extract 
Biogenic mines f r a  Foods. 

Matrix Extracting 

So 1 ut i on 

Dairy CH30H 
Products 
(yogurt, 
cheese, 
infant 
formula) 

Beer no sample 
preparation 

Various water 
foods 

Cocoa O.lNHC104 

Cheese D.07M tri- 
6 sodium 

chocolate citrate 
followed by 
0.3MTCA 

Choco 1 ate 0.1 NHC 104 

Chicken 0.6M HC104 

Cmpd of 

Interest 

tyrami ne 

H 1 stami ne 
tyrarnine 
phenylethylamine 

Reference 

13 

14 

15 

tyramine 16 

t y ram i ne 
histamine 
pheny lethy 1 ami ne 
tryptarnine 

18 

tyramine 
tryptamine 19 
pheny lethy 1 ami ne 
serotinn 

tyramine 20 
tryptamine 
pheny 1 ethy 1 am i ne 
histamine 
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SELECTED BIOGENIC AMINES IN FOODS 5 

Table 2 Continued 

M a t r l x  - E x t r a c t  i nq Cmpd o f  Reference 

Solution In te res t  -- 

Sausage I N  HC104 tyrami ne 21 
tryptamine 
pheny 1 ethy lamime 
histarnine 

Soy Sauce H C l  

Cheese 5% TCA 

Fish 10% TCA 
products 

Cheese O.INHC1 

tyrami ne 22 
tryptamine 
pheny le thy lamine 
h i stami ne 

tyrami ne 23 
tryptamine 
phenylethy 1 ami ne 
histamine 

histamine 24 
t yrami ne 

h i stami ne 7 
tryptamine 
tyramine 

Thin Layer S Paper Chrautomaphy Methods 

Table 3 provides sumnary information on selected paper and t h i n  

layer chromatography (TLC) methods. 

ISOLATION 

I n  some feu instances the acidic ext ract  could be used 

wi th  other fur ther  treatment but i n  most cases fu r ther  sample 
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6 HURST 

fable 3 

Selected Thin Layer and Pawr Chromatography 
Systems Used for the Detemination of  Biogenic Aarines 

Separation Mode: TLC 

Support:Si 1 ica Gel 

Developing 
Solution: CHCl3 : CH30H: NH40H( 12: 7: 1 ) 

Visual izat ion: 0.2% NBC-C1(7-chloro-4-nitrobenzofuran) 

Compounds : tyranine, histamine, tryptanine 

Reference: 7.10 

Separation Mode:Paper Chromatography 

Support: Whatman 11 
Develop i ng 
Solution(s): n-Butano1:acetic acid:H20(4:1:5) 

Isopropanol: NH40H:H20(8:1:1) 

Visualization: Diazotized sulfani lic acid 
Diazolized p-nitroani 1 ine 
n i nhydr in 

Compounds(s): Tyramine + other phenolic amines 

Reterence: 11 

Separation Mode: Paper Chromatography 

Support: Cellulose 

Developing 
Solut 1 on : Butanol :Acetic Ac id:H20 ( 12 : 5 : 3 ) 

Vi sua 1 izat ion: 0.1 X a 1 pha-n i trous-beta-naphthol In 
95% ethanol + 3H nitric acid 
containing sodium nitrite 

Reference: 12 
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SELECTED BIOGENIC AMINES IN FOODS 7 

treatment was necessary to el ininate potential interferring 
compounds. This sample treatment can be divided into two 

categories: solvent extraction and solid phase extraction(SPE) 

or colmn, cleanup. In the case of dairy products (13) the 
mine was extracted from the products with warm CH30H(60 
degrees C),cwled with tap water,brought to volrnna with 
additional methanol and filtered prior to analysis. This is an 
extremely simple procedure and was found very suitable. In this 
case no additional cleanup steps were necessary prior to HPLC 
analysis. In another method (18) cheese and chocolate were 
initially extracted with 0.713 trisodim citrate and a portion 
of this extract mixed with 0.m TCA and centrifuged at 10,OOO g 
and 4 degrees C. The pellet was extracted with additional TCA 
and further centrifuged. The resulting TCA extracts were 

conbined,filtered and the final volume adjusted with water 
prior to HPLC analysis. 

Fish and saurkraut were initially extracted with 
water. A portion of this extract was mixed with an equal 
portion of TCA and centrifuged and filtered for analysis. 

In other cases some form of additional solvent 
extractions or column cleanup was used. Literature indicates 
that many of the methods used to extract and isolate biogenic 
amines from foods are variations of nethods used in clinical 

laborator ies . 
After initial extraction with acid, several schemes 

have been used to further purify the mine containing 
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8 HURST 

fractions. In two studies using a final TLC step (7,101, after 
the samples are centrifuged, the aqueous layer is removed and 
adjusted to pH 10 with solid NaC03 and then saturated with 

excess NaCl. Butanol was then added to this mixture and the 

resulting solution was vortexed several times. The resulting 

solution was then centrifuged again at 12,000 g and the butanol 

layer removed for quantitation. While this procedure had a TLC 

determinant step it is not unreasonable to assume that this 
sample preparation might also be suitable for use in an HPLC 

method. An alternative to this methodology has been 

used by several authors (16,19).In these cases, the acidic 

extract was adjusted to pH 10.3 with NH40H and again saturated 

with NaCl. The resulting solution was extracted with several 

portions o f  ethyl acetate: acetone (2:l ),dried with Na2S04 and 

the solvent was rernoved prior to analysis with a stream of 

nitrogen. The residue was then suitable for HPLC or TLC 

analysis. 

While solvent extraction has been used successfully to 

isolate amine containing fractions of foodstuffs, a larger 

number of methods use a column cleanup procedure consisting of 
an alumina column or a cation exchange resin. The use o f  these 

column types is a direct transfer from the clinical laboratory 

where alunina was successfully used for the isolation of 
catecholamines, which are a group of closely related compounds. 
The adsorption on alunina is very specific and allows for a 
substantial degree! of purification of the extract. The 
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SELECTED BIOGENIC AMINES IN FOODS 9 

phenomena is optimal above pH 8.4 (251 so the acidic extracts 

nust have a pH adjustment t o  use t h i s  procedure. This procedure 

is routinely applied t o  the determination o f  catecholamines i n  

biological samples and has been applied t o  foodstuffs i n  some 
instances. The antine compounds are then desorbed through the 

use o f  an appropriate-acid. The acid washed alumina can either 

be i n  a small packed column or loose granules and both 

geometries have been 'used. After the pH o f  the extract has 

been adjusted t o  8.4 or higher the compounds are adsorbed onto 

acid-washed alumina. While the examples i n  the l i terature have 

used 'hand-made ' or lab manufactured columns, it is reasonable 

t o  expect that the current generation o f  cmnetrcial SPE (Solid 

Phase Extraction 1 columns should prove most useful. 

The second c o l m  clean-up procedure involved the use 

o f  a cation exchange resin and has also been used i n  a 
substantial nuher o f  methods for the determination o f  

catecholanines in  samples of serum and urine. Several authors 

(15,261 have reported the use o f  t h i s  method fo r  food analysis. 

I n  one instance the acidic extract was adjusted t o  pH 6.5 with 

HCl  and passed through a weak cation exchange resin (Bio-Rex 

701 which had been washed successively with H20, HCI, NaOH 

adjusted t o  pH 6.5 with HCL and f i n a l l y  treated with sodium 

phosphate buffer a t  pH 6.5. After the extract was placed on the 

column it was washed with d i s t i l l e d  water and the m i n e  

fract ion eluted with HCl (26). Another method o f  t h i s  type has 

a pH adjustment t o  7.0 with NaOH and then adsorption onto 
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10 HURST 

another weak cation exchange resin (Zero1 it-236 Na+). The 

column was washed with water and amines removed through the use 

of HCl . (1 5 )  

Due to the large amount of activity in the 

determination of the catecholamine there has been substantial 

activity in their isolation using son# novel SPE packings such 

as Phenyl Boronic Acid (27) which form reversible complexes. It 

is not unreasonable to assume that the connercially available 

SPE columns would be excellent for this assay and that phases 

such as PEA would not provide some interesting selectivity for  

sample cleanup of amines in foods. 

HPLC ASSAYS 

There have been a substantial number o f  HPLC techniques 

used to separate and quantify biogenic amines in foodstuffs. A 

large number of methods that were used to analyze for these and 

other related compounds in the clinical laboratory. Many of the 

solvent and detection systems used in clinical assays would be 

appropriate for the food analyst. 

LC Yith w Doteetian 
The most straightforward way to accomplish the assay 

couples a reversed phase column,the appropriate mobile phase 

and W detection. Three different wavelengths have been used in 

various assays: 254, 210 and 280 nm. Koehler and Eitenmiller 

(17) utilized a uBondapak C-18 c o l m  with a mobile phase 
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SELECTED BIOGENIC AMINES IN FOODS 

0 

1 1  

W I  

I TYIAYINL 

2 PMENYLLTMYLAYINL 

3 TRYPTAYINL 

L 

- ----... ~ - --. --  .-. ~ - - -  . .---_ _-_. - - - - - - 

l-heptane sulfonic acid as a counter ion with detection at 254 
nm for the determination o f  tyramine ,phenylethylamine and 
tryptamine in sausage,cheese and chocolate. Figure 1 provides 
an illustration o f  the separation of a cheese extract. 

Inglet,Tindala and 6alimore (28) reported the use of a 
Lichrosorb Si-60 c o l m  with a mobile phase consisting o f  
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12 HURST 

Conditions 
Samplo: 20rl Mondavi Cabarnel(l976) 
Flow Rato: 0 6 ml/min 
Eluant: 
Chart Spml: 100 seclcrn 
UV Ootrction: 210 nm 

0 5 (NH.),SO,, PH 6 

A Wlnorrmplo 
8. W l m  ramplo splkod with hlslamino (0 6 ,,g) 

10 20 

Figure 2 

Chromatogram o f  Histamine in Wine (26) 
(Used With Permission) 

40:20: 1 (V/V/V) hexane/2-propanol/amnia with detection at 280 

for the determination of tyramine in chocolate. This system 

was found not to be suitable for  the determination o f  

histamine. Figure 2 illustrates the separation of histamine in 

wine using ion exclusion chromatography with UV detection at 

210 nm. 

While they have not been used to analyze food extracts 

several manuscripts have been published outlining the HPLC 

analysis o f  biogenic amines using silica columns with acidic 
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SELECTED BIOGENIC AMINES IN FOODS 13 

G 

I) laluene 
2) phenethylaminr 
3) phenylolonine 
4 lyrarnine 
5) tyrorine 

dapomine 
71 dopo 

I I I I I I 
0 I 2 3  4 5  

TIME, minutes 

Figure 3 

Separation o f  Biogenic Amines d Precursor Amino Acids (29) 
(Used With Permission) 

mobile phase. Persson and Karger first (29) reported the use o f  

a silica gel support,a stationary phase consisting of  mixtures 

o f  HC104 and NaC104 and a variety o f  mobile phases ranging from 

butanollhexane to mixtures of ethyl acetate Itributyllphosphate 

and hexane. Figure 3 provides an illustration o f  this 
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14 HURST 

separation indicating several biogenic amines and their 

precursor amino acids with detection at 280nm. Svendsen and 

Greibrokk ( 3 0 )  published further studies in this area and 

explored the effect of various acids, pH, ionic strength aqd 

various organic modifiers on this mechanism. 

Yhile W detection is the most straight-forward of the 

detection schemes for the determination of biogenic amines It 

suffers from a lack of sensitivity and sometimes hecessitates 

the use of extensive sample cleanup protocols. A large number 

of compounds that could be extracted with the biogenic amines 

of interested would interfere with the final determination 

using UV detection. 

LC Yfth Direct Fluorescence Detection 

A second direct detection system is native 

fluorescence. The native f luorescene of these compounds can be 

attributed to the backbone of the amine ( 3 1 ) .  An excitation 

wavelength o f  280-285 nm has been used for native fluorescence 

detection with various emission wavelengths. Lower 1 imits range 

from 2 to 70 ng depending on the compound of interest. Work in 

our laboratory utilized this technique to determine biogenic 

amines in extracts of chocolate (19). The use of native 

fluorescence affords a substantial increase in sensitivity over 

UV detection schemes: from a practical viewpoint allows for 

less sample to be utilized to accomplish the detennination and 

a potentially less rigorous sample cleanup. 
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SELECTED BIOGENIC AMINES IN FOODS 15 

By far the most widely used of the direct detection 

modes for the determination o f  biogenic amines involves the use 

of electrochemical detection. The catechol compounds are 

oxidizable at a graphic electrode to generate a orthoquinone 

2 protons and 2 electrons (32). The modern electrochemical 

detector measures this oxidation as the anodic current. There 

are a large number of the reports on the use of this technique 

to measure various catecholamines in samples of plasma,urine 

and tisssue but few in the area of biogenic amines in foods. 

Kengherez and Ki ssinger reported the determinaton of tyramine 

from cocoa using electrochemical detection. (16) The separation 
was accomplished using a C18 column with a mobile phase 

consisting of amonium acetate,methanol and sodium octyl 

sulfate. The applied potential for the detector was + 0.95 
volts vs SCE. Another manuscript outlined the separation of 

twenty biogenic amines and their derivatives through the use of 

a column switching technique and on-line fluorolnetric and 
electrochemical detectors (33). While this separation was not 

applied to foodstuffs it would seen appropriate for this 

assay. 

Recently Hedford (45) reported on the use of a 

microbore HPLC technique for the detemination of bfogenic 

mines. The column used was laboratory packed with dimensions 

of 1.2 IRI I.D. x 10 cm. It was packed with 3ran C-18 resin. The 
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16 HURST 

solvent system used consisted of 0.m NaH2PO4,33mg/liter sodium 

octyl sulfate.50 whiter EDTA,pH 3.2 at a flow rate of 180 

ulhin. Electrochemical detection with a glassy carbon 
electrode was used. Uhile it was not used for the determination 

of biogenic amines per se in foodstuffs, it should be suitable 

for this assay. Figure 4 illustrates the use of 

electrochemical detection in the separation of some of these 
compounds with serotonin being peak 12. Ttie other peaks 

represent other monamine standard compounds, 

LC Uith Derivative Formation 

Following the direct modes of detection of selected 

biogenic anines, the various derivatives that can be formed 

must be outlined. As in previous cases, there is not a large 

volume of data on the use of these derivatives for the 

determination of biogenic amines in foodstuffs but all could be 

applied to this assay.These derivatives can be divided into 

several categories including W and fluorescent derivatives and 

pre and postcolunn derivatives. 

The most popular types of derivatives are the 

fluorescent compounds: one of the most widely used is  

orthophthaldehyde ,OPA (34). The OPA reacts with the primary 

amine function of the biogenic amine forming a fluorescent 

derivative. An example of this technique can be seen in Figure 

5 which illustrates the separation of numerous biogenic amines 

(35). This derivative formation can occur either pre-column or 
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SELECTED BIOGENIC AMINES IN FOODS 17 

d il 
8 

I 8 I 

8' 12' re' 20' 

TIME (M IN)  

Figure 4 

Monoami ne Standard Compounds With E lectrochemica 1 Detection 
(46) 

(Used With Permission) 

post-colmn. There are distinct reasons for each mode of 

derivatization that will not be discussed in this manuscript. 

The formation o f  these fluroscent derivatives enhances 

sensitivity and selectivity to these assays. Other derivatives 

that have ken used include ninhydrin,dansyl chloride, 
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R 

W 
0 a 
5: 

3 

W 
P 
0 

L 

VE 

I 

I 

iED-PHASE HPLC SEPARATION 
OF BlOGENlC AMINES 

SAMPLE.. . . . . . . . . . . . . . .  10 pl SYDS. 10 n9 em. 
COLUMN .................. #BONOAPAK PWENVL. 

4 mm i JOO mm 
BUFFER ................ 0 025 M NaMaPOr pH l.10 

A. 2L% v/v CM,CN 
B. 45% VIV c w n  a- 

FLOW ............................. 1.5 mmlN 
DETECTOR . . . . . . . . .  4CnOEFFEL FS970. 0.lL AtS, 

EX. J4D nm 

TEMP. . . . . . . . . . . . . . . .  

T 

DA 

EM. 400 nm .................. IO'C 

I (1s) 

- 
0 10 20 30 40 SO 

MINUTES 
} O I  

BUFFER A BUFFER B 

Figure 5 
Reversed Phase HPLC Separation o f  Biogenic Amines 

With Direct Fluorescence Detection (35) 
(Used With Permission) 
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SELECTED BIOGENIC AMINES I N  FOODS 19 

Figure 6 
Chroma togram o f  Sauerkraut Extract Indicating 
Presence o f  Tyramine(TA), Histamine (HA) 

Other Amines (18) 
(Used With Permission) 

fluorescarnine and recently 9-f luorenylmethyl chloroformate 

( 18,36.37,38). Potent ial W D I S  derivatives include N-Succiny 1 

-g-ni trophenyl acetate(SNPA1 ,Dabsyl Chloride and 4-N ,N 

-dimethy 1 aminoarobenrenth io-4-i socyanate (DABITC 1. 
(40.41.42.43) 

Additionally some analysts have utf lized unique 

reaction mechanisms; the work of Joosten and Olieman(l8) used 

reversed phase ion pair chromatography with a ninhydrin 

-containing eluent which eliminates the need for a post column 

reagent pump. Fig 6 is a chromatogram o f  a sauerkraut extract 
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20 HURST 

Table 4 

Ikrivrtiver for the Detection of  Biogenic Arllines 

Der f vat ive Detection Reference 

OPA (Orthophthad 1 ehyde ) F 1 ourescence 34 * 35 

DABITC 
(4-N,N-dimethylaminoazo 
benrene-4-i sothiocyanate) V i  ti ble 42.43 

Dabsyl Chloride 
benrene-4-sul fony lchlor ide Visible 41 

Dansyl Chloride 
( 5-N , N-dimthy 1 amino 
naphtha lene-1 -su 1 fony lchlor i de) F1 uorescence 37 

Visible 

Ni nhydr i n F 1 uorescence 18 

(4-N ,N-d imethy larninoaro 

PITC 
(Phenyl isothiocyanate) UV 

SNPA 
(N-succiny 1 -p-ni tropheny 1 
acetate) uv 

34 

40 

F1 uorescani ne F 1 uorescence 38 

9-F 1 uoreny lmthy 1 
ch lorof onnate F 1 uorescence 39 

which contained tyrarnine and histamine and other amines not 

included in this review. Kiba,Mizano and Furusawa (44) provided 

information on the determination o f  catecholamines using 

catalytic photometric detection that could be applied to other 

related caqounds . Table 4 provides a sunnrary o f  sane o f  the 

various derivatives that have been used or potentially could be 

used to accomplish the assay for  the biogenic amines. 
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This overview has provided a sunrnary of some of the various 

procedures used to isolated select biogenic amines from food 

including clean-up protocols and final HPLC determinant steps. 

As was indicated in the introduction it will not provide a 
treatise on this class or even provide information on all o f  

the potential biogenic amines in food but does provide a review 
of the current technology and a starting place for interested 

researchers. 
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