
298

 There are many detection methods for detecting  α -
amylase activity such as competitive substrate, and prod-
uct inhibition-based  α -amylase activity analysis methods 
[11, 12, 13], decrease in starch – iodine color intensity 
[14, 15], dinitrosalicylic acid method [16], sensitive agar 
diffusion method [17], degradation of color-complexed 
substrate [18, 19], and decrease in viscosity of the starch 
suspension [20]. These methods have exhibited successful 
 α -amylase activity determination; however, some of them 
may not form into a corporation of routine analysis and 
may not have as low a detection limit as a biosensor has. 
As a result, development of a biosensor for the activity 
determination of  α -amylase is very important. 

 In this study, a different method for  α -amylase activ-
ity determination is presented. Activity determination 
was carried out by monitoring the oxygen consumption 
level. The rate of consumption of oxygen was proportion-
al to the level of glucose produced from the hydrolysis 
of starch by  α -amylase, and was directly related to the 
activity of the enzyme.   

 EXPERIMENTAL  

 Materials and Methods 

 Glucose oxidase (50 U/mg, of  Aspergillus niger  origin), 
potassium dihydrogene phosphate (KH 2 PO 4 ), citric acid 
(C 6 H 8 O 7 ), acetic acid (CH 3 CO 2 H), sodium hydroxide 
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  Abstract:  A glucose oxidase-based biosensor was developed for the determination of  α -amylase activity. The determination method 
is based on monitoring the decrease in dissolved oxygen concentration related to the starch concentration, for which starch gives a 
reaction with  α -amylase. Optimization parameters, including glucose oxidase amount, gelatin amount, and glutaraldehyde percentage 
for cross-linking, were investigated. The effects of pH, buffer system, and temperature on the biosensor system were also investigated. 
The biosensor had a linear relation to  α -amylase activity and good measurement correlation between 0.66 and 9.83 U/ml. In sample 
analysis studies,  α -amylase activity in baker ’ s yeast was determined by the biosensor.   
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  INTRODUCTION 

 With the discovery of the fi rst starch degrading enzyme 
by Kirchhoff in 1811, the history of amylases began. 
Various digestive amylases and malt amylases were re-
ported after that revelation [1].  α - and  β -amylases are the 
two types of starch digestive enzymes. They were fi rst 
classifi ed by Ohlsson in 1930 according to their reaction 
products.  α -amylases (1,4- α -d-glucan-glucanhydrolase, 
EC. 3.2.1.1) are extensively distributed extracellular 
secretary enzymes and they are ubiquitous proteins that 
play an important role in the carbohydrate metabolism 
of microorganisms, animals, and plants [2].  α -amylase 
catalyses the random cleavage of  α -1,4 glycosidic link-
ages in starch and produces glucose, dextrins, and limit 
dextrins [3,4,5]. Many genes involved in the synthesis of 
extracellular  α -amylase have been identifi ed in  Bacillus 
suptilis . The structural gene for the  α -amylase enzyme is 
 amyE  [6]. X-ray studies have shown that all  α -amylases 
consist of three domains. These domains are called A, B, 
and C [7]. Between domains A and B,  α -amylases have 
at least one calcium ion, which is essential for the stabil-
ity and activating the enzyme [7, 8]. The amylase family 
enzymes have potential application in several industrial 
processes because of their high thermo-stability. They 
are used especially in food, textiles, and paper industries 
[9].  α -amylases are used in a routine manner in bread 
making for  fl our standardization and as anti-staling 
agents [10]. 
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(NaOH), sodium chloride (NaCl), bovine skin gelatin, 
sodium dodecyl sulfate (CH 3 (CH 2 ) 11 OSO 3 Na), glycine 
and glutaraldehyde (25%) were purchased from Sigma 
(St. Louis, USA).  α -amylase (65.55 U/mg, of  Bacillus 
suptilis  origin) was purchased from NOVO INDUSTRI 
AS (Copenhagen, Denmark) and starch (from potatoes) 
was purchased from Fluka (Switzerland). All reagents used 
were of analytical grades. All solutions were prepared 
with double distilled water just before their use.   

 Apparatus 

 YSI 57 A model oxygen meter, YSI 5700 series Clark-
type oxygen electrode (YSI Co. Inc., Yellow Springs, 
OH, USA) and highly sensitive Tefl on membrane for 
oxygen was used. A water bath was used for preparation 
of bioactive material (N ü ve, BM 302, UK). All the mea-
surements were carried out at constant temperature using 
a thermostat (Haake JF, Germany). Magnetic stirrers 
(IKA-Combimag, RCO) and pH meters with electrode 
(WTW, pH538, Germany) were used for preparing buffer 
solutions. The temperature was maintained constant in the 
reaction cell by circulating water at appropriate tempera-
tures around the cell compartment during the experiment.   

 Methods  

 Preparation of the Electrode.   First of all, the Clark elec-
trode was fi lled inside with KCl solution without contain-
ing a bubble. Then, the surface of the Clark electrode 
was covered with a standard Tefl on membrane using an 
o-ring. 0.5% sodiumdodecylsulphate in phosphate buffer 

(50 mM, pH 7.5) was pipetted on an oxygen-specifi c 
Tefl on membrane surface to reduce the tension on the 
membrane surface, so that gelatin was spread over the 
surface easily.   

 Preparation of the Biosensor.   Five milligrams of glucose 
oxidase and fi ve milligrams of gelatin were dissolved in 
240  μ l, pH 7.5, 50 mM phosphate buffer. The mixture 
of glucose oxidase, gelatin, and sodium phosphate buffer 
was dispersed over the dissolved oxygen probe membrane 
surface and was allowed to dry at 4 ° C for 30 minutes. 
After that process, in order to cross-link the enzyme 
and gelatin with glutaraldehyde solution the bioactive-
carrying electrode surface was immersed into 2.5 % (v/v) 
glutaraldehyde solution for 5 minutes. Thus, chemical 
covalent bonds (Schiff bases) were formed between the 
enzyme, gelatin, and glutaraldehyde molecules to provide 
an immobilization on the surface of the dissolved oxygen 
probe. Finally, excess of glutaraldehyde was eliminated 
by double distilled water.   

 Measurement Procedure.   The principle of the reaction is 
based on the determination of oxygen consumption by 
the activity of glucose oxidase that is immobilized on 
the electrode surface. There is an intermediate surface 
between the bioactive layer and the Tefl on membrane of 
the dissolved oxygen probe. In the reaction,  α -amylase 
hydrolyzes the starch molecules, which present in the 
phosphate buffer (50 mM, pH 6.5). When  α -amylase 
hydrolyzes starch molecules, dissolved oxygen concen-
tration in the intermediate surface decreases relative to 
the substrate concentration added into the phosphate buf-
fer medium. The principle of the reaction is depicted in 
Scheme 1. 

     Scheme 1.  Schematic representation of the reactions in the reaction medium.  
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 50 ml of the phosphate buffer (50 mM, pH 6.5), 
including starch molecules, were transferred into the reac-
tion cell. Glucose oxidase-based biosensor was placed 
into the thermostatic reaction cell and the magnetic stirrer 
was fi xed at a constant speed (500 circle/minute). All of 
the measurements were performed at the same speed. The 
mixture was incubated for fi ve minutes at the  “ red-line 
position ”  of the oxygenmeter for polarization of the glu-
cose oxidase-based electrode. Dissolved oxygen diffused 
through the highly sensitive Tefl on membrane. That diffu-
sion resulted in the stabilization of the dissolved oxygen 
between the working buffer and dissolved oxygen probe. 
Then, the dissolved oxygen concentration was recorded. 
At this time,  α -amylase enzyme solution was injected into 
the reaction cell; hence it decreased the dissolved oxygen 
concentration by hydrolyzing starch molecules.  In the ex-
periments, different volumes of  α -amylase standart solu-
tion between 50 to 1500  μ l were added into the reaction 
chamber.  After a few minutes, dissolved oxygen concen-
tration reached to a constant level and was recorded again. 
Measurements were carried out by computing the differ-
ences between the dissolved oxygen concentrations (  DO), 
which was recorded before and after adding  α -amylase 
enzyme solutions. In conclusion, the developed biosensor 
was based on the determination of these changes in the 
dissolved oxygen concentrations related to the  α -amylase 
activity. These differences were directly proportional to 
 α -amylase activity in a certain amount. After completing 
the measurements, the glucose oxidase-based biosensor 
was washed with distilled water and stored at 4 ° C.     

 RESULTS AND DISCUSSION  

 Optimization of the Biosensor 

 In this part of the study, optimum working conditions were 
investigated to obtain the maximum performance from the 
glucose oxidase biosensor, which was developed for the 
determination of  α -amylase activity. Therefore different 
amounts of glucose oxidase, gelatin, and glutaraldehyde 
were used for preparation of the bioactive layer material.   

 Optimization of Glucose Oxidase Amount 

 The biosensor was prepared by fi xing the amounts of 
gelatin and glutaraldehyde at the varying amounts of 
glucose oxidase for the purpose of monitoring the effect 
of the glucose oxidase activity on the GOD-O 2  biosen-
sor. Four different biosensors containing 1.2 mg, 2.5 mg, 
5.0 mg, and 10.0 milligrams of glucose oxidase were 
constructed in this study. Glucose oxidase amounts, lin-
ear ranges, and R 2  values of the different biosensors are 
given in Table 1. As can be seen in Table 1, the slopes 

  Table 1. The effects of glucose oxidase amount, gelatin amount, 
and glutaraldehyde percentage on the biosensor response  

 R 2   Slopes (y) 
 Linear Ranges 

(U/ml) 

 Glucose oxidase amount (mg) a  
1.2 0.997 0.168x – 0.080 0.66–9.83
2.5 0.998 0.207x – 0.015 0.66–9.83
5.0 0.997 0.168x  �  0.104 0.66–19.67
10.0 0.995 0.201x  �  0.040 0.66–6.55

 Gelatin amount (mg) b  
2.5 0.956 0.098x  �  0.297 0.66–13.11
5.0 0.997 0.168x  �  0.104 0.66–19.67
7.5 0.997 0.170x  �  0.045 0.66–13.11

 Glutaraldehyde percentage (%) c  
1.25 0.989 0.160x  �  0.065 0.66–9.83
2.50 0.997 0.168x  �  0.104 0.66–19.67
5.00 0.993 0.179x – 0.056 0.66–13.11

    a The amount of gelatin and the percentage of glutaraldehyde 
were kept constant at 5 mg and 2.5 %, respectively. Working 
conditions: Phosphate buffer; pH 7.5, 50 mM; T  �  35 ° C; 10 mg/ml 
starch solution and 65.55 U/mg  α - amylase.   
  b The amount of glucose oxidase and the percentage of 
glutaraldehyde were kept constant at 5 mg and 2.5%, respectively. 
Working conditions were the same as mentioned above.   
  c The amount of both glucose oxidase and gelatin were kept constant 
at 5 mg. Working conditions were the same as mentioned above.   

of the biosensors prepared with different glucose oxidase 
amounts were very close to each other. The biosensor 
prepared with 5 mg glucose oxidase had the widest linear 
range for  α -amylase activity obtained by this biosensor. 
Therefore, 5.0 mg glucose oxidase was detected as the 
optimum amount.   

 Optimization of Gelatin Amount 

 Three biosensors were prepared in order to determine the 
effect of gelatin on biosensor response. 2.5 mg, 5.0 mg, and 
7.5 mg gelatin were immobilized on the electrode surface, 
respectively. Optimum gelatin amount was determined 
as 5.0 mg by obtaining  α -amylase standard curves. The 
relation between gelatin amount and biosensor response 
is shown in Table 1. 7.5 mg gelatin caused a decrease in 
current response of the biosensor because the amount of 
gelatin was too thick for the substrate to pass through the 
gelatin layer and to interact with glucose oxidase. Because 
of the insuffi cient tightness of the enzyme immobilization, 
2.5 mg gelatin also decreased the biosensor response. 
Maximum biosensor response was obtained using 5.0 mg 
of gelatin. Consequently, 5.0 mg of gelatin was chosen as 
the optimum gelatin amount.   

 Optimization of Glutaraldehyde Percentage 

 Biosensors were treated with 1.25 %, 2.5 %, and 5.0 % 
glutaraldehyde solution prepared in phosphate buffer 
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(50 mM, pH 7.0) for the immobilization. After the cross-
linking of glutaraldehyde molecules, experiments were 
carried out to obtain standard curves for  α -amylase 
activity by using the prepared biosensors. Experiments 
showed that the best response of biosensor was observed 
at 2.5% glutaraldehyde percentage. The relationship 
between the biosensor response and glutaraldehyde per-
centage is indicated in Table 1. Optimum glutaraldehyde 
percentage was determined as 2.5%. The biosensors that 
were prepared with 1.25% glutaraldehyde were inad-
equate for immobilization of the enzyme on the elec-
trode surface. Nevertheless, preparing the electrode with 
5.0% glutaraldehyde decreased the response of the 
biosensor because it led to diffi culties in reaching to 
the active site of the enzyme. 

 In consequence of these three optimization studies, 
the fi nal biosensor was composed as follows: The amounts 
of glucose oxidase and gelatin were kept constant at 5 mg 
and glutaraldehyde percentage was 2.5%. This procedure 
was selected to be used for preparation of the biosensor in 
all of the further measurements.   

 Optimization of pH 

 The effect of pH on the biosensor response was inves-
tigated. Thus, three different buffer systems were used 
to determine optimum biosensor response. Optimum pH 
of the enzyme-based biosensor for  α -amylase activity is 
shown in Figure 1. 

 The results demonstrated that the best biosensor 
signal was obtained at phosphate buffer pH 6.5.   

 Determination of Appropriate Buffer System 

 In this part of the study, effects of three different buffer 
systems on the enzyme-based biosensor response were 

examined. To this end, citrate, phosphate, and glycine 
buffer systems were used at pH 6.5. The buffer system 
from which the optimum biosensor response was obtained 
was determined by creating standard curves of each buffer 
system for  α -amylase activity. Figure 2 shows the effects 
of the buffer systems on the biosensor response. 

 Low-level oxygen corruption was monitored in 
citrate and acetate buffers in comparison to the phos-
phate buffer. In the phosphate buffer system, maximum 
enzymatic activity was determined.   

 Optimization of Temperature 

 The effect of temperature on the biosensor response can 
change because of the immobilized enzyme on the elec-
trode surface. Since enzyme activities can be affected by 
the temperature, it is very important to detect the opti-
mum temperature to obtain the best biosensor response. 
For this aim, experiments were carried out between 
25 and 60 ° C (Figure 3). The biosensor worked best at 
50 and 55 ° C. These values are very high as a working 
temperature and give rise to denaturation of the enzyme, 
which results in the shortening of biosensor ’ s life. For 
this reason 40 ° C was accepted as a working temperature 
for the further experiments.   
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  Figure 2.       The effect of buffer system on the biosensor response.
Working conditions: T  �  35 ° C; 10 mg/ml starch solution and 
5.244 U/ml standard solution of  α -amylase were used.  
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  Figure 3.       The effect of temperature on the biosensor response. 
Experiments were performed at 25, 35, 40, 45, 50, 55, and 
60 ° C. Working conditions: Phosphate buffer; pH 6.5, 50 mM; 
10 mg/ml starch solution and 5.244 U/ml standard solution of 
 α -amylase were used.  

  Figure 1.       The effect of pH on the biosensor response. Working 
conditions: citrate buffer ( � )(pH 4.5, 5.0, 5.5, 6.0, 6.5, 50 mM); 
phosphate buffer ( � ) (pH 6.5, 7.0, 7.5, 8.0, 50 mM) and glycine 
buffer ( � ) (pH 8.5, 9.0, 9.5, 10.0, 10.5, 50 mM), T  �  35 ° C; 
10 mg/ml starch solution and 5.244 U/ml standard solution of 
 α -amylase were used.  
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 Analytical Characteristics of the Biosensor  

 Linear Range of the Biosensor.   In this study, the results 
obtained for the determination of detection limits for 
 α -amylase activity are given in Figure 4. 

 Under the optimum experimental conditions a linear 
calibration curve was obtained at concentrations between 
0.66 and 9.83 U/ml  α -amylase with (y  �  0.2235x  �  
0.1969) and R 2   �  0.9972. At higher activities than 9.83 
U/ml, a diversion from linearity occurred. This is prob-
ably because of the limited solubility of oxygen in a water 
medium, since oxygen acts as a co-substrate for oxygen-
consuming enzymes. In consequence, after a particular 
substrate concentration, oxygen acts as a limiting factor 
on the reaction.   

 Repeatability.   Repeatability studies were carried out 
by using the same biosensor 10 times repeatedly. After 
10 replicate determinations, repeatability results for 
5.244 U/ml  α -amylase activities were found, as shown 
in Table 2. 

 After these experiments, it can be concluded that the 
biosensor presents a correctly desirable characteristic of 
repeatability.   

 Storage Stability.   To understand how the performance 
of the biosensor based on glucose oxidase for  α -amylase 
activity alters with time under the effect of environmental 
factors, storage stability experiments were performed. 

 The biosensor was stored at  � 4 ° C for two weeks. 
The measurements were done at the fi rst and seventh day 
and at the end of the storage period. At the seventh day of 
the storage period, the response of the biosensor was de-
creased to 93.4%. After 14 days, no activity was detected. 
These results revealed that storage stability of the biosen-
sor was not as good as expected.   

 Sample Analysis.   In this section of the study,  α -amylase 
activity of a baker ’ s yeast was detected by using the 
biosensor. 2.5 grams of baker ’ s yeast was dissolved in 
2.5 ml double distilled water. For the disintegration of 
yeast cells, the mixture was treated with an ultrasonica-
tor. A reference method was used to compare the results 
[12]. Averages of fi ve measurement results obtained 
from the trials are shown in Table 3. By comparing 
the results of the experiments, it can be concluded that 
the biosensor can be applied for activity determination 
of  α -amylase.     

 CONCLUSION 

 In this work we demonstrate a novel biosensor based on 
glucose oxidase for activity determination of  α -amylase. 
We present a different viewpoint of  α -amylase activ-
ity detection by immobilizing glucose oxidase on Clark 
electrode to monitor the consumption of the oxygen pro-
duced by the hydrolysis of starch. Starch is hydrolyzed by 
 α -amylase in the reaction medium. If we compare this 
activity determination method with the others, it can 
be concluded that the biosensor exhibits an alternative 
one. The biosensor has a rapid response. Activity could 
be measured with high accuracy and reliability. Ease of 
construction of the biosensor and simple measurement 
method are the advantages for the biosensor. In addition, 
it does not need any expensive equipment, material, or 
laboratory conditions. Moreover, the biosensor is simple 
and rapid to use. The quality of industrial products of 
 α -amylase-catalyzed reactions is related to the enzyme 
activity. For example, this enzyme directly determines the 
quality of bread in the baking industry because  α -amylases 
degrade starch and produce small dextrins for the yeast 
to act. In conclusion, biosensor development for amylase 
activity determination is important. 

  Table 3.  α -amylase activity determination in baker ’ s yeast using 
the biosensor and using a spectrophotometric reference method.  

 Sample 
 Found by the 

biosensor *  (U/ml) 
 Found by the reference 

method *  (U/ml) 
 Relative 

Difference (%) 

 Baker ’ s 
Yeasts 

2.4 2.5 4.0

     * Results were obtained from fi ve measurements.    

y = 0,223x + 0,196
R2 = 0,997
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  Figure 4.       Linear range of the biosensor. Working conditions: 
Phosphate buffer; pH 6.5, 50 mM; T  �  40 °   C; 10 mg/ml starch 
solution and  α -amylase activity between 0.66-9.83 U/ml.  

  Table 2. Repeatability of the biosensor.  

 n  �  10 

 Added 
 α -amylase 
standard 
solution 
(U/ml) 

 Average 
Value 

(X) (U/ml) 

 Standard 
Deviation 

(S.D.) 
(U/ml) 

 Variation 
of 

Coeffi cient 
(C.V.) (%) 

 Amylase 
biosensor 

5.244 5.940   � 0.184 3.098
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