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Abstract A method is described for construction of an

amperometric biosensor for specific determination of

tyramine, using black gram tyramine oxidase immobilized

covalently on an epoxy resin membrane. The biosensor had

optimum response within 10 s at pH 8.5 and 35 �C. A

linear relationship was observed between tyramine con-

centrations and current (mA) in the range of 0.24 to

3.47 mg/dL. The biosensor was employed for determina-

tion of tyramine in beer and sauce. The detection limit of

sensor was 0.24 mg/dL. The mean analytical recovery of

added tyramine (0.5 and 1.0 mg/dL) was 97.3 ± 2.3 and

95.9 ± 3.4%. Within and between batch coefficient of

variation were 5.1 and 5.34%, respectively. Enzyme elec-

trode showed 35% loss in its initial activity after its regular

use over a period of 2 months. The biosensor has the

advantage that it does not suffer from leaching of enzyme

and measures tyramine specifically.
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Introduction

Tyramines (C8H11NO) are decarboxylation products of

tyrosine and phenylalanine, which are associated with

headaches, migraine, hypertension and hyperthyroidism

[1]. Tyramines are found in high amount in certain foods

such as chocolates, wine, beer, cheese, beans, banana peel,

ketchup’s and soya products [2]. Tyramine also serves as

possible indicators of defective food manufacturing pro-

cesses related with poor sanitary condition [3]. Hence

tyramine determination has become important in food

industries. Various analytical methods are available for

quantification of tyramine such as spectrophotometric [4],

gas chromatographic [5], reversed phase high performance

liquid chromatography [6] and ion-exchange chromatog-

raphy with pulsed amperometry [7]. These methods suffer

from certain drawbacks such as time consuming, sample

preparation, expensive equipments and trained person to

operate.

Therefore, a simple, rapid and sensitive method is

required. Biosensors are considered as better option,

because of their simplicity, rapidity and high sensitivity.

The electrochemical biosensors/sensor for tyramine deter-

mination have been reported employing either monoamine

oxidase or tyramine oxidase immobilized on different

supports such as collagen membrane [8], gelatin [9],

2-[4,6-bis(aminoethylamine)-1,3,5-triazine]-Silasorb [10]

and flurophore sol–gel containing aminopropyl 3-meth-

oxycelane (APTMS) [3] or without enzyme [11]. Most of

these immobilization methods provided poor stability due

to leaching of enzymes from membrane/support, low

conductivity, interference in electron communication and

poor reproducibility of electrode, which limits the appli-

cation of these biosensors. Therefore, there is demand for
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the development of a biosensor that is stable, reproducible,

sensitive and specific for tyramine determination in real

samples. We report herein immobilization of tyramine

oxidase (purified from black gram seedlings) onto ‘Aral-

dite’ epoxy resin membrane and its application in con-

struction of a tyramine biosensor. ‘Araldite’ membrane,

composed of epoxy resins having epoxy groups on both

sides of singe epoxy resin, forming a highly crosslinked

network, is long lasting and water-permeable. The mem-

brane has advantages such as high affinity for enzyme, low

cost, easy synthesis, high temperature stability, chemical

resistance and porous nature that makes it an ideal support

for an enzyme electrode [12].

Materials and methods

Chemical and reagents

Tris–HCl, tyramine, copper sulphate, and Folin-Ciocalteu’s

reagent were from SISCO research Laboratory Pvt.,

Mumbai, India. All other chemicals used were of AR

grade. ‘Araldite’ as a source of epoxy resins and polyamine

cross linker, manufactured by Huntsman Advanced Mate-

rial Pvt. Ltd., Mumbai, India, seeds of black gram (Vigna

mungo L) and different beer and sauce samples were pur-

chased from local market.

Extraction and purification of tyramine oxidase

from black gram

Seven day old seedlings of black gram were raised in

laboratory as described by Pundir and Nath, [13]. The

seedlings were homogenized with Tris–HCl buffer

(0.05 M, pH 8.0) in pestle and mortar in 1:5 ratio (w/v)

at 4–10 �C and the homogenate was centrifuged at

10,0009g for 30 min. The supernatant was collected and

treated as crude enzyme. It was purified by combination of

0–30% (NH4)2SO4 fractionation, gel filtration on Sephadex

column (34 9 2 cm2) (height 9 diameter) using Tris–HCl

as elution buffer and ion-exchange chromatography on

DEAE-Sephacel column (17 9 2.5 cm2), (height 9 diam-

eter) using a linear gradient of 0.1–0.6 M KCl in Tris–HCl

buffer for its elution. The active DEAE-Sephacel fractions

were pooled and treated as purified enzyme. The purity of

enzyme was tested in simple PAGE using Coomassie blue

as protein stain. The enzyme was purified by 55.5 fold with

23% yield and had an activity of 286.16 U/mL. One unit is

defined as the amount of enzyme required to generate

1 lmol H2O2/min/mL under standard assay conditions.

Assay of tyramine oxidase

The assay of tyramine oxidase was carried out in dark as

described with modification [14]. The reaction mixture

containing 1.7 mL of 0.05 M Tris–HCl buffer pH 8.0,

0.1 mL of CuSO4 (10-2 M) and 0.1 mL crude enzyme was

pre-incubated at 37 �C for 2 min. The reaction was started

by adding 0.1 mL tyramine solution (10-2 M). After

incubating it at 37 �C for 5 min, 1.0 mL color reagent was

added and kept at room temperature for 15 min to develop

the color. A520 was read in Spectronic 20D (Thermo USA)

and the amount of H2O2 generated during the reaction was

determined from a standard curve of H2O2. The color

reagent consisted of 50 mg 4-aminophenazone, 100 mg

solid phenol and 1.0 mg horseradish peroxidase (RZ =

1.0) per 100 mL of 0.4 M sodium phosphate buffer pH 7.0

and stored in amber colored bottle at 4 �C and prepared

fresh after every 1 week.

The protein content in various enzyme preparations was

measured by Lowry Method.

Immobilization of tyramine oxidase on epoxy resin

membrane

It was done as described [12] with minor modifications.

The epoxy resin and hardener of ‘Araldite’ were mixed on

a plastic (polythene) piece in 85:15 ratio at room temper-

ature for 5 min. The purified enzyme (3.0 mL) was added

to this mixture and spread equally to polymerize and

crosslinked for 48 h. Araldite membrane with entrapped

tyramine oxidase was stripped off the plastic piece and

washed with 0.05 M Tris–HCl buffer pH 8.0.

Scanning electron microscopy (SEM) of ‘Araldite’

membrane

The SEM of ‘Araldite’ membrane with and without

enzyme was carried out at Chemistry Department, M.D.

University Rohtak after gold coating.

Construction and response measurement of tyramine

biosensor

Tyramine oxidase–epoxy resin biocomposite membrane

was mounted over the sensing part of Pt electrode

(1.5 cm 9 0.1 mm) (length and diameter) with the help of

parafilm. This working electrode along with Ag/AgCl as

reference and Cu wire as counter electrode, were connected

to a three terminal electrometer (Make: Keithley, model

6517A). To test the functioning of biosensor, the three

electrode system was immersed into 10 mL 0.05 M Tris–

HCl buffer pH 8.0 in a 50 mL beaker. The reaction was
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started by adding 0.2 mL tyramine solution (10-2 M) and

reaction mixture was shaken gently. The working electrode

was polarized at different volts ranging from 0.1 to 0.8 V at

an interval of 0.1 V and the current (mA) generated, was

recorded. The biosensor showed maximum current at

0.4 V, hence in subsequent experiments, the current was

measured at 0.4 V.

Optimization of tyramine biosensor

To determine optimum working conditions of biosensor

based on epoxy resin membrane bound tyramine oxidase,

the pH of the reaction buffer was varied from 6.5 to 10.5 at

an interval of 0.5 using 0.05 M Tris–HCl buffer at 37 �C.

Similarly, the optimum temperature was studied by incu-

bating reaction mixture at different temperature ranging

from 20 to 50 �C at an interval of 5 �C at optimum pH (pH

8.5). To study the effect of substrate concentration, the

tyramine concentration was varied from 0.01 to 1.5 mM.

The apparent Michaelis–Menten constant (Km = [S] at

� Imax), which gives an indication of the enzyme–substrate

kinetics for the biosensors, was calculated from the elec-

trochemical version of the Lineweaver–Burk equation

1

I
¼ Km

Imax

1

S½ � þ
1

Imax

where I is the steady state current after the addition of

substrate, S is the bulk concentration of the tyramine, and

Imax is the maximum current measured under saturated

tyramine condition.

Determination of tyramine content in beer and sauce

The sauce was homogenized in 5 mL Tris–HCl (0.05 M,

pH 8.0) buffer solution in 1:3 ratio and centrifuged at

3,000 rpm for 5 min at 4 �C, and the supernatant was

collected and analyzed for tyramine by the present bio-

sensor. The beer was used as such without any pretreat-

ment. The method of determination of tyramine was same

as described for biosensor response measurement except

that tyramine was replaced by food sample.

Results and discussion

Immobilization of tyramine oxidase onto epoxy resin

membrane

Tyramine oxidase purified from 7 days old seedlings of

black gram was immobilized onto ‘Araldite’ epoxy resin

membrane with 85% retention of initial activity of free

enzyme with a conjugation yield of 0.065 mg/cm2. The

epoxy groups of epoxy resin membrane react with

bifunctional polyamine and –NH2 groups of enzyme to

form a network resulting into enzyme–epoxy amine resin

composites. Scheme 1 represents the probable mechanism

of immobilization of enzyme onto epoxy resin membrane

which shows the covalent coupling of enzyme with the

support.

SEM of epoxy resin membrane biocomposite

The SEM of tyramine oxidase epoxy resin membrane

bioconjugate shows the distinct spots of aggregation of

proteins throughout the surface of the epoxy membrane,

(Fig. 1) which might be due to the both adsorption and

covalent coupling of enzyme.

Construction of amperometric tyramine biosensor

A method is described for the construction of an ampero-

metric tyramine biosensor using epoxy resin membrane

bound tyramine oxidase (Fig. 2). The electrochemical

reactions involved in response measurement of tyramine

biosensor are given below, which is based on generation of

H2O2 from tyramine by epoxy resin membrane bound

tyramine oxidase and its splitting into 2H? ? O2 ? 2e- at

high potential (0.4 V). The flow of electrons to Pt electrode

i.e., amount of current is directly proportional to tyramine

concentration.

Tyramineþ O2 þ H2O

��������������!
Tyramine oxidase

p-Hydroxyphenylacetaldehyde

þ NH3 þ H2O2

H2O2���!
0.4 V

2Hþ þ 2e� þ O2

2e� ! Pt electrode

Optimization of tyramine biosensor

The optimum pH of biosensor/immobilized tyramine oxi-

dase was pH 8.5 (Fig. 3), which is slightly higher than that

of free enzyme pH (8.0) and higher than tyramine oxidase

immobilized on microtiter plate using sol gel fluorophore

(pH 7.0) [3]. The optimum temperature of the immobilized

tyramine oxidase was 35 �C (Fig. 4) which is higher than

tyramine oxidase immobilized on microtiter plate using sol

gel fluorophore (23–25 �C) [3]. There was a hyperbolic

relationship between biosensor response/Immobilized

tyramine oxidase activity and tyramine concentration up to

0.35 mM thereafter it was constant. Km for tyramine was

0.24 mM, which is lower than that of free enzyme indi-

cating the increased affinity of the enzyme after immobi-

lization. The change in kinetics of tyramine oxidase after

immobilization might be due to many factors like
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Scheme 1 Chemical reaction involved in immobilization of enzyme on epoxy resin membrane

Fig. 1 SEM images of araldite

membrane with enzyme

at 91,500
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conformational changes due to chemical modification of

the enzyme, steric hindrance, partitioning effects due to

electrostatic or hydrophobic interactions between matrix

and the low molecular weight species [12, 15].

Application of tyramine biosensor

The biosensor was employed to determine tyramine con-

centration in different beer and sauce samples. The tyra-

mine level in different beer samples was in the range

0.37–2.53 mg/dL with a mean of 1.29 mg/dL while was in

the range, 0.22–3.11 mg/dL with a mean of 1.22 mg/dL in

sauce samples which is in agreement to those by spectro-

fluorometric method (Table 1) [16].

Specificity of tyramine biosensor

The substrates specificity of present biosensor was studied

by using substrate analogs i.e., histamine, spermine,

putrescine, serotonin and arginine at their physiological

concentration in place of tyramine and found practically no

response/negligible response (Table 2). These observations

revels that, the present tyramine biosensor was specific for

tyramine.

Evaluation of tyramine biosensor

Figure 5 showed that working linear range of the biosensor

was from 0.24 to 3.47 mg/dL which is better than tyramine

oxidase immobilized on microtiter plate using sol gel

fluorophore (6.30–8.73 mg/dL) [3] but lower than elec-

trochemical sensor based on MWCNT-AuNPs composite

and chitosan (1.88–174.63 mg/dL) [11]. Detection limit

of biosensor is 0.24 mg/dL which is lower than that of

tyramine oxidase immobilized on microtiter plate using sol

gel fluorophore (6.30 mg/dL) [3] and electrochemical

sensor based on MWCNT-AuNPs composite and chitosan

(0.99 mg/dL) [11]. Mean analytical recovery of exoge-

nously added tyramine in different beer samples (0.5 and

Fig. 2 Schematic representation for construction of tyramine biosensor

Fig. 3 Effect of pH on araldite membrane bound black gram

tyramine oxidase

Fig. 4 Effect of incubation temperature on araldite membrane bound

tyramine oxidase
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1.0 mg/dL) was 97.3 ± 2.3 and 95.9 ± 3.4, respectively

showing the reliability of the method. To study the repro-

ducibility and reliability of the present method, the tyra-

mine value in five beer samples was determined six times a

day (within batch) and after their one-week storage at

-20 �C (between batch). The results showed that deter-

minations were almost consistent and within and between

batch coefficients of variation (CV) for tyramine determi-

nation were \5.1 and \5.34%, showing the good repro-

ducibility and reliability of the method.

Reusability and storage stability

The enzyme electrode lost 35% of initial activity, after 100

uses over a period of 2 months after storing electrode at

4 �C (Fig. 6). This loss could be due to the leaching of

enzyme during washing of the enzyme electrode.

Conclusion

A tyramine biosensor was constructed using an epoxy resin

membrane bound tyramine oxidase purified from black

gram seedlings. The biosensor was employed for determi-

nation of tyramine in beer and sauce items. The sensitivity

and specificity of the biosensor towards tyramine make it

more suitable for clinical and industrial applications, than

earlier biosensors.
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