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Summary
An amperometric benzoic acid-sensing inhibitor biosensor was prepared by immobilizing mushroom (Agaricus bisporus) tissue homogenate on a Clark-type oxygen electrode.
The effects of the quantity of mushroom tissue homogenate, the quantity of gelatin and
the effect of the crosslinking agent glutaraldehyde percent on the biosensor were studied.
The optimum concentration of phenol used as substrate was 200 mM. The bioanalytical
properties of the proposed biosensor, such as dependence of the biosensor response on the
pH value and the temperature, were investigated. The biosensor responded linearly to
benzoic acid in a concentration range of 25–100 mM. Standard deviation (s.d.) was ±0.49
mM for 7 successive determinations at a concentration of 75 mM. The inhibitor biosensor
based on mushroom tissue homogenate was applied for the determination of benzoic acid
in fizzy lemonade, some fruits and groundwater samples. Results were compared to those
obtained using AOAC method, showing a good agreement.
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Introduction
Benzoic acid is a white solid that is slightly soluble
in water. Sodium benzoate is about 200 times more soluble in water. Sodium benzoate is primarily used as a
preservative and corrosion inhibitor (e.g. in technical
systems as an additive to automotive engine antifreeze
coolants). Benzoic acid and sodium benzoate are used as
food preservatives and are most suitable for foods, fruit
juices and soft drinks that are naturally in acidic pH
range. Their use as preservatives in food, beverages,
toothpastes, mouthwashes, dentifrices, cosmetics, and
pharmaceuticals is regulated. The estimated global production capacity for benzoic acid is about 600 000 tons
per year (1,2).
Benzoic acid occurs naturally in many plants and
animals. It is therefore a natural constituent of many
foods including milk products. Anthropogenic releases
of benzoic acid and sodium benzoate into the environ-

ment are primarily emissions into water and soil from
their uses as preservatives. Concentrations of naturally
occurring benzoic acid in several foods did not exceed
average values of 40 mg/kg of food. Maximum concentrations reported for benzoic acid or sodium benzoate
added to food for preservation purposes were in the
range of 2000 mg/kg of food (1–4).
Cases of urticaria, asthma, rhinitis, or anaphylactic
shock have been reported following oral, dermal, or inhalation exposure to benzoic acid and sodium benzoate.
The symptoms appear shortly after the exposure even to
low doses, and disappear within a few hours (4–8). The
information concerning skin reactions caused by benzoic
acid or sodium benzoate in general population is limited. In a study with 2045 patients of dermatological clinics, only 5 persons (approximately 0.2 %) showed a positive reaction in patch tests, while 34 of 5202 patients
(approximately 0.7 %) with contact urticaria reacted positively (9–11). From these data, it can be concluded that
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skin reactions caused by benzoic acid or sodium benzoate in the healthy general population are rare. Moreover,
sodium benzoate is used in the treatment of patients
with urea cycle enzymopathies (i.e. hyperammonaemia
due to inborn errors of urea synthesis) in order to facilitate an alternative pathway of nitrogen excretion (6,12,
13).
Analytical methods for the determination of benzoic
acid include spectrophotometric methods such as UV
spectroscopy, high performance liquid chromatography
and gas chromatographic methods (14–21). HPLC is the
most common analytical method for the quantification
of benzoic acid.
This paper reports the study of immobilized mushroom tissue homogenate on the Clark-type oxygen electrodes as a biosensor for determination of benzoic acid.
When phenol was used as a substrate, the consumption
of oxygen by polyphenol oxidase was retarded due to
the inhibition effect of benzoic acid injected to the reaction cell. Principle of the measurements was based on
this basis of inhibition effect of benzoic acid.

Materials and Methods
Chemicals
All chemicals used in the experiments were obtained from Merck (Germany) as the analytical grades.
Mushrooms for bioactive material were purchased from
a local grocery.

Apparatus
YSI 54 A model oxygen meter and YSI 5700 series
dissolved oxygen (DO) probes (YSI Co. Inc., Yellow
Springs, Ohio, USA) were used. A water bath was used
for preparation of bioactive material (Stuart scientific
linear shaker bath SBS 35, UK). All the measurements
were carried out at constant temperature using a thermostat (Haake, Germany). Magnetic stirrer (IKA-Combimag, RCO) and pH meter with electrode (WTW pH
538, Germany) were used for preparing buffer solutions.
The temperature in the reaction cell was maintained
constant by circulating water at appropriate temperature
around the cell compartment during the experiment.

Dissolved oxygen probe
To construct the biosensor a dissolved oxygen probe
was covered with highly sensitive teflon membrane by
using an O-ring and then the teflon membrane, which is
selective for oxygen, was pretreated with 0.5 % sodium
dodecylsulphate in phosphate buffer (50 mM, pH=7.5)
to reduce the tension on the membrane surface.

Preparation of the mushroom tissue homogenate based
on bioactive material
A mass of 100 mg of mushroom was weighed and
homogenized with 400 mL of working buffer (50 mM,
pH=7.5, phosphate buffer) by a manual glass homogenizer. Then, 10 mg of gelatin was weighed and added to
a test tube. A volume of 300 mL of mushroom tissue homogenate was pipetted into the test tube. The mixture

of mushroom tissue homogenate and gelatin was incubated at 38 °C for 10–15 min to dissolve gelatin.

Biosensor preparation
A volume of 200 mL of gelatin-mushroom tissue homogenate mixture was dispersed over the dissolved oxygen probe membrane surface and allowed to dry at 4
°C for 15–30 min. For crosslinking with glutaraldehyde,
the probe carrying bioactive layer was immersed into
2.5 % glutaraldehyde solution and was allowed to wait
for 5 min. Then, the biosensor was washed with distilled water to remove excess of glutaraldehyde.
For getting moisture medium, the biosensor was
stored in a flask that contained some distilled water but
it was not in contact with it. This moisture medium was
needed to prevent drying of the bioactive layer of the
biosensor through the storage period.

Principle of the measurements
Polyphenol oxidase (E.C. 1.14.18.1 and E.C. 1.10.3.1,
PPO) is a copper containing enzyme, which catalyzes
both the oxygen-dependent hydroxylation of monophenols to their corresponding o-diphenols and the oxidation
of o-diphenols to their cognate o-quinones (22). Mushroom contains polyphenol oxidase enzyme abundantly.
Benzoic acid shows competitive inhibitory kinetics on
polyphenol oxidase (23). The principle of the measurements was based on the determination of the decrease
in the differentiation of oxygen level which had been
caused by the inhibition of polyphenol oxidase in the biological material by benzoic acid. Measurements were
carried out by standard curves that were obtained by
the determination of decrease in the consumed oxygen
level related to benzoic acid concentration.

Biosensor assay procedure
The biosensor based on mushroom tissue homogenate was put into the thermostatic reaction cell containing working buffer and the magnetic stirrer was fixed at
a constant speed. A few minutes later, dissolved oxygen
concentration was equilibrated because of the diffusion
of dissolved oxygen between the working buffer and the
dissolved oxygen probe. At this time, phenol was injected into the thermostatic reaction cell. The dissolved
oxygen concentration started to decrease and a few minutes later it reached constant dissolved oxygen concentration due to the enzymatic reaction described above.
At this moment, dissolved oxygen concentration
was recorded and then benzoic acid standard or sample
was injected into the cell. DO concentration started to
increase because of the inhibition of polyphenol oxidase
by benzoic acid. Measurements were carried out by the
change of dissolved oxygen concentration related to
benzoic acid concentration added to the reaction cell.

Results and Discussion
Immobilization conditions of the mushroom tissue
homogenate
In the first set of experiments, the effects of the
quantity of mushroom tissue homogenate (22.12, 44.25
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Table 1. The results of optimization studies of the bioactive layer and biosensor performances
Biosensor compositions
Linear range
Mushroom tissue

Gelatin

mg/cm2

mg/cm2

Glutaraldehyde
%

mM

R2

Response time
min

y

1

22.12

5.9

2.5

50–100

0.9643

0.0060x–0.1667

20

2

44.25

5.9

2.5

25–100

0.9885

0.0063x–0.0375

20

3

66.37

5.9

2.5

50–100

0.9805

0.0045x–0.0658

20

4

44.25

2.95

2.5

50–100

0.9758

0.0055x–0.1625

20

5

44.25

4.43

2.5

25–100

0.9741

0.0047x+0.005

20

6

44.25

8.85

2.5

100–200

0.9806

0.0026x–0.1071

20

7

44.25

5.9

1.25

50–100

0.9868

0.0050x–0.1417

20

8

44.25

5.9

5

100–200

0.9776

0.0028x–0.1171

20

100
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Fig. 1 shows the effect of the pH value of the working buffer on the response behaviour of the present biosensor. In this figure, the maximum response can be observed at pH=7 (50 mM, phosphate buffer).
100

Fig. 2. Temperature effect
Working conditions: phosphate buffer 50 mM, pH=7. Phenol
concentration used as substrate in the experiments was 200 mM,
benzoic acid concentration was 75 mM and T=35 °C

In order to determine the working temperature correctly, thermal stability of the biosensor at the temperatures of 35 and 40 °C was characterized. The results
showed that the biosensor lost part of its initial activity
at the end of the 3rd hour by working at 40 °C. However, at 35 °C, the biosensor response did not change 3
hours later. Consequently, all experiments were done at
35 °C.

80
Inhibition/%

zoic acid (with the presence of 200 mM of phenol) (Fig.
2). From this figure it can be concluded that the biosensor response increased with the increase of working
temperature. At temperature greater than 40 °C, the biosensor response decreased rapidly. This result is in agreement with enzymology principles.

Inhibition/%

and 66.37 mg/cm2) and the quantity of gelatin (2.95,
4.43, 5.9 and 8.85 mg/cm2) on the biosensor, and the effect of the percentage of crosslinking agent glutaraldehyde (1.25, 2.5 and 5.0 %) on the biosensor were investigated. Measurements were accomplished by using each
of the standard curves obtained under these conditions.
The optimization studies of the immobilization revealed
that optimum mushroom tissue homogenate quantity,
optimum gelatin quantity and glutaraldehyde percentage were 44.25 mg/cm2, 5.9 mg/cm2, and 2.5 %, respectively. Through all experiments, mushroom tissue homogenate quantity, gelatin quantity, and glutaraldehyde
percentage were kept constant at optimum as mentioned above. Bioactive layer compositions and the corresponding biosensor parameters are summarized in Table 1.
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Fig. 1. The effect of pH on the biosensor response
Citrate buffers: 50 mM and pH=4.5, 5.0 and 6.0; sodium-phosphate buffers; 50 mM and pH=6.5, 7.0, 7.5, 8.0. Phenol concentration used as substrate in the experiments was 200 mM, benzoic
acid concentration was 75 mM and T=35 °C

Temperature effect and thermal stability
The working temperature was changed from 20 to
45 °C, and the corresponding response to 75 mM of ben-

Substrate concentration
For an inhibitor biosensor, substrate and inhibitor
concentrations have to be adjusted carefully in order to
obtain correct results. The calibration curves in Fig. 3
have all been recorded under the same conditions but in
the presence of different substrate concentrations.
As can be seen in the figure, the best results were
obtained by using 200 mM of phenol, so in all experiments phenol concentration was kept constant at 200
mM.
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DDO/(mg/L)

0.8

room tissue homogenate. Moreover, the samples were
analyzed with the reference method AOAC (Association
of Official Analytical Chemists, Procedure 963.19) to validate the new biosensor (24). These results are given in
Table 2.

0.6
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0.2
0
0

100

200

300
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500

Table 2. Quantification of benzoic acid in fizzy lemonade (FL)
and fruit samples by the proposed biosensor and comparison
with AOAC method. Benzoic acid is expressed as g/100 mL of
lemonade or g/kg of fruit

Benzoic acid concentration/mM

Fig. 3. Substrate concentration dependency of the biosensor
Working conditions: phosphate buffer 50 mM, pH=7
–<–<– 300 mM, –·–·–200 mM, –¨–¨– 100 mM phenol concentrations were used for this purpose, T=35 °C

AOAC
method

Biosensor

FL1

36.4·10–3

33.5·10–3

–8.0

FL2

35.4·10

–3

33.0·10–3

–6.7

FL3

34.4·10–3

34.0·10–3

–1.0

Benzoic acid determination by the biosensor

Apple

58.2·10–3

55.4·10–3

–4.8

Fig. 4 illustrates the response of the biosensor based
mushroom tissue homogenate as an inhibitor electrode.
The typical calibration curve is linear with benzoic acid
concentration over the entire 25 to 100 mM range and
then with a curvature at a higher level.

Peach

28.4·10–3

26.2·10–3

–7.8

Groundwater

98.2·10–3

94.4·10–3

–3.9

DDO/(mg/L)

0.8
0.6
0.4
y = 0.0063x – 0.0375
R2 = 0.9885

0.2
0
0

50

100

150

200
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Benzoic acid concentration/mM

Fig. 4. Calibration graph for benzoic acid
Working conditions: phosphate buffer 50 mM, pH=7. Phenol
concentration used as substrate in the experiments was 200 mM,
T=35 °C

Repeatability
Repeatability is a measure of biosensor stability
over time. Typically, sample to sample repeatability can
be lower. As the sample concentration is lowered, repeatability can be improved but this does not continue
indefinitely. Repeatability studies of the present biosensor were carried out by making seven measurements
with 75 mM of benzoic acid standard. The average value
(x), standard deviation (s.d.) and variation coefficient
(CV) were calculated as (75.1±0.49) mM and 8.54 %, respectively. The results showed that the proposed biosensor worked without the decrease in activity after 10
measurements. The cost of one biosensor based on
mushroom tissue homogenate was very low. Because of
this, ten measurements without the activity loss were a
sufficient performance for an inhibitor biosensor.

Sample analysis
Fizzy lemonade samples were assayed to demonstrate the practical use of the biosensor based on mush-

Sample

Relative
error/%

In the literature, a lot of biosensors that utilize tyrosinase or PPO have widely been cited. Most of these
biosensors were developed for determination of phenolic compounds (25–32). Besides, biosensors based on tyrosinase or PPO inhibition effect have also been reported. For example, Stanca and Popescu (33) reported an
amperometric study of inhibitory effect of carboxylic acids,
such as benzoic acid, on tyrosinase. Moreover, Wang et
al. (34) reported a mushroom-carbon paste tissue electrode for amperometric measurements of inhibitors of
tyrosinase. In our previous work we reported a biosensor based on mushroom tissue homogenate for detecting
some phenolic compounds and usage of the biosensor
for quantifying certain substances that inhibit the PPO
activity in the tissue (35). The detection limit of the biosensor for benzoic acid was 25 mM. The detection limit
was not better than in the study of Tfouni and Toledo
(36). The detection limits of the biosensor and the method by Ferreira et al. were close to each other (37).
However, both of these studies were based on high performance liquid chromatography. Unfortunately, this
made the methods more difficult to work. On the other
hand, the biosensor was based on a traditional Clark-type oxygen electrode. In order to construct a biosensor
and to work with it was neither difficult nor expensive.
This was the most important advantage of the biosensor
to the methods above.
Besides, an enzyme electrode for the control of the
benzoic acid content in food was reported (38). A limit
of detection of 9·10–7 M of benzoic acid was obtained for
the electrode. This limit was better than that by us, however, in this system the construction of the enzyme electrode needed time consuming steps. In our system, homogenization of mushroom tissue, and immobilization
of the mushroom tissue homogenate via gelatin and
glutaraldehyde on the Clark-type oxygen electrode took
just 45 min. That is to say that the construction of the
biosensor was very easy and its cost was lower than of
the other methods. Nevertheless, the reference method
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for the determination of benzoic acid in food also recommended tedious methodologies, with extensive extraction procedures, involving large amounts of reagents
and time incurring considerable costs.
On the other hand, the biosensor had an important
disadvantage. Because PPOs were not specific enzymes,
they catalyzed the oxidation of various phenolic compounds. In this respect, the presence of a phenolic compound in the sample could alter the response of the biosensor. We concluded that when a natural sample was
analyzed, it was needed to pretreat the sample to oxidize phenolic compounds.

Conclusion
Although practical application of inhibitor biosensors seems much more complicated than that of substrate biosensors, their potentials are far from being exhausted. In this point of view, we developed an inhibitor biosensor for determination of benzoic acid in soft
drinks such as fizzy lemonade. The construction of a
Clark-type oxygen electrode based on mushroom tissue
homogenate resulted in an amperometric benzoic acid-sensing inhibitor biosensor with good performance
characteristics, such as low detection limit and response
time which was only about 20 min. Moreover, usage of
mushroom tissue instead of pure PPO enzyme helped to
reduce the cost of the biosensor considerably. Further,
the biosensor was considered to be useful to determine
benzoic acid in natural samples.
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Odre|ivanje benzojeve kiseline amperometrijskim inhibitorskim
biosenzorom pripravljenim od homogenata tkiva pe~urke
Sa`etak
Amperometrijski inhibitorski biosenzor za benzojevu kiselinu pripravljen je imobilizacijom homogenata tkiva pe~urke na kisikovu elektrodu tipa Clark. Ispitan je u~inak koli~ine homogenata tkiva pe~urke i `elatine na biosenzoru, a i utjecaj postotka glutaraldehida
upotrijebljenog za unakrsno povezivanje. Optimalna koli~ina fenola {to se koristio kao
supstrat iznosila je 200 mM. Od bioanaliti~kih svojstava biosenzora utvr|ena je njegova
ovisnost o pH-vrijednosti i temperaturi. Biosenzor je reagirao linearno na koli~inu benzojeve kiseline u podru~ju od 25 do 100 mM. Pri koncentraciji od 75 mM standardna devijacija
iznosila je ±0,49 mM tijekom 7 uzastopnih odre|ivanja. Inhibicijski biosenzor, pripravljen
od homogenata tkiva pe~urke, upotrijebljen je za odre|ivanje benzojeve kiseline u gaziranoj limunadi, vo}u i podzemnoj vodi. Rezultati su se dobro poklapali s onima dobivenim
AOAC postupkom.

