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Abstract: Green synthesis of nanoparticles via plant extracts has become an important research field in 

nanotechnology. In the present study, a novel amperometric glucose biosensor based on the green synthesized 

zinc oxide (ZnO) nanoparticles by using Zingiber officinale root was fabricated.  Glucose oxidase (GOx) was 

immobilized onto the ZnO-modified carbon paste electrode (CPE) via cross-linking with glutaraldehyde. The 

prepared biosensor (GOx-ZnO/CPE) exhibited a good electrocatalytic ability to the determination of glucose. 

The biosensor also showed a low detection limit (14.7 μM), a rapid response (less than 1 second), high 

sensitivity (15.98 µA mM
−1

 cm
−2

), and higher biological affinity (the Michaelis−Menten constant was estimated 

as 0.99 mM). Moreover, the prepared biosensor exhibited good anti-interference capability in relation to ascorbic 

acid (AA) and uric acid (UA). These results demonstrated that a simple and a cost effectiveness biosensor was 

fabricated for the determination of glucose. 
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Zencefil (Zingiber Officinale) Kök Ekstresi Kullanılarak Çinko Oksit 

Nanoparçacıkların Yeşil Sentezi ve Glikoz Biyosensörü Olarak Uygulaması 

 
Öz: Nanopartiküllerin bitki özleri yoluyla yeşil sentezi nanoteknolojide önemli bir araştırma alanı haline 

gelmiştir. Bu çalışmada, Zencefil kökü kullanılarak yeşil sentezlenmiş çinko oksit (ZnO) nanopartikülleri 

aracılığıyla yeni bir amperometrik glikoz biyosensörü üretildi. Glukoz oksidaz (GOx), glutaraldehit ile çapraz 

bağlanma yoluyla ZnO ile modifiye edilmiş karbon pasta elektrot (CPE) üzerine immobilize edildi. Hazırlanan 

biyosensör (GOx-ZnO/CPE) glikoz tayini için iyi bir elektrokatalitik özellik gösterdi. Biyosensör, düşük bir 

tespit limiti (14,7 μM), hızlı cevap süresi (1 saniyeden daha az), yüksek hassasiyet (15,98 µA mM
−1

cm
−2

) ve 

yüksek biyolojik afinite (Michaelis−Menten sabiti 0,99 mM olarak hesaplandı) gösterdi. Ayrıca hazırlanan 

biyosensör, askorbik asit ve ürik asit gibi girişim yapan maddelere karşı iyi bir seçicilik sergiledi. Bu sonuçlar, 

glikoz tayini için basit ve uygun maliyetli bir biyosensörün hazırlandığını göstermiştir. 
 

Anahtar kelimeler: Yeşil sentez; çinko oksit nanoparçacık; zencefil; glikoz biyosensör 

 
 

1. Introduction 
 

One of the most popular biosensors, the glucose biosensor, has been extensively studied for its 

importance in the food, environment industry, and in clinics [1]. Many techniques, such as 

colorimetric, spectroscopic, and electrochemical methods, have been introduced for this purpose [2, 

3]. Amperometric biosensors based on glucose oxidase (GOx) are now widely used for glucose 

monitoring because of their reliability, low cost, and simplicity [4-6]. GOx is a flavoprotein that 

catalyzes the oxidation of β-D-glucose to hydrogen peroxide (H2O2) and D-glucono-1,5-lactone [7]. 
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For a functioning biosensor, the GOx enzyme should be immobilized onto the surface of the 

electrode to increase durability and stability of the enzyme; however, the immobilization matrix 

should be biocompatible and should not interfere with the enzyme structure [8].  

 

Enzyme immobilization on nanostructures facilitates the direct electron transfer between active sites 

of the enzyme and the electrode, the formation of a desirable microenvironment, and the creation of 

an extensive surface area for greater enzyme loading [9]. Among the all metal nanostructures, ZnO 

nanoparticles have attracted considerable attention for the fabrication of efficient amperometric 

biosensors due to their unique features that include high catalytic efficiency, high isoelectric point, 

nontoxicity, biocompatibility, excellent electron transfer capability, and good stability [10-12]. 

 

The synthesis of large quantities of metal nanoparticles has been carried out by chemical methods; 

however, toxic substances used in chemical synthesis can be adsorbed onto the surface of 

nanoparticles and have adverse effects in biomedical applications. [13].  Various techniques have 

been proposed for the synthesis of ZnO nanoparticles, including thermal evaporation, organo-

metallic synthesis, sol-gel processing, homogeneous precipitation, microwave methods, and green 

synthesis [14-19]. Among these synthesis methods, green chemistry routes using plant extracts are 

commonly preferred for the synthesis of ZnO nanoparticles due to the environmentally friendly, 

cost effective, and safe nature of the resulting nanoparticles for human therapeutic use [20]. 

 

Various glucose biosensors have been prepared previously with chemically synthesized ZnO 

nanoparticles [21-23]; only limited investigations have focused on glucose biosensors prepared with 

green synthesized ZnO nanoparticles. The present work describes, the green synthesis of ZnO 

nanoparticles using Zingiber officinale root extract and the use of these nanoparticles to fabricate a 

glucose biosensor. 

 

2. Experimental Methods 

 

2.1 Materials 

 

Fresh Z. officinale roots were purchased from a local store. Glucose oxidase (derived from 

Aspergillus Niger), the graphite powder, and Zinc acetate dihydrate [Zn (CH3COO)2.2H2O] were 

provided from Sigma-Aldrich. All other reagents used in this study were of analytical grades.  

 

2.2 Instrumentation 

 

All the electrochemical experiments in this study were performed using a CHI 1230B 

electrochemical workstation. The three-electrode systems consisted of an Ag/AgCl reference 

electrode, a ZnO nanoparticle modified carbon-paste electrode as the working electrode, and a 

platinum electrode as an auxiliary electrode. 

 

UV-Visible (UV-Vis) spectroscopy (Pg instrument, T60 Uv-Visible Spectrophotometer) and 

scanning electron microscope (SEM) with EDX (Energy dispersive X-ray) (JEOL SEM-7100-EDX) 

was used the characterization of ZnO nanoparticles.  

 

2.3 Green Synthesis of the ZnO Nanoparticles 

 

Zn(CH3COO)2.2H2O was dissolved in 50 mL double distilled water to give a final concentration of 

0.02M. Then, 20 mL of Z. officinale root extract (0.25 g/mL in double distilled water) was slowly 

added into the Zn(CH3COO)2.2H2O solution. This mixture was heated at 80 °C under continuous 

stirring with a magnetic stirrer for about 2 h, until a white precipitate was formed. This ZnO 

nanoparticle precipitate was centrifuged for 10 min at 10,000 rpm, washed with distilled water, and 
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then washed with methanol to remove the unwanted impurities. The ZnO nanoparticles were dried 

(at 60 °C for overnight) and then calcined at 450°C in a muffle furnace for 2 h. 

 

2.4 Fabrication of the GOx-ZnO/GCE Biosensor 

 

A ZnO nanoparticle-modified carbon paste electrode (ZnO/CPE) was constructed by hand mixing 

of 40 mg graphite powder, 16 µL mineral oil, and 4 mg ZnO nanoparticles. The carbon paste was 

used to fill the cavity of an insulin syringe and a copper wire was added to provide electrical 

contact. The syringe plunger was pressed until a smooth surface was obtained, and the surface was 

then polished on a weighing paper. The enzyme solution was prepared by mixing the 5 µL of GOx 

enzyme (10 mg/mL in phosphate buffer solution (PBS), pH:7.0), 1.5 μL of 2.5% glutaraldehyde, 

and 1.0 μL (5 mg/250 μL) of bovine serum albumin. The prepared enzyme solution was dropped 

onto the surface of the ZnO/CPE and then, the prepared biosensor was left to dry at room 

temperature for 2 h. When not in use, the biosensor was kept in a dry condition at 4 °C. 

 

2.5 Electrochemical Measurement of Glucose 

 

Glucose was quantified by electrochemical detection of enzymatically released H2O2. GOx 

catalyzes the oxidation of β-D-glucose to H2O2 and D-glucono-δ-lactone. Application of a voltage 

causes the electrooxidation of H2O2, which forms two electrons and two hydrogen ions that can then 

be used to monitor the glucose concentration, as in following reactions (Equation 1,2, and 3). 

 
 

Glucose + GOx (FAD
*
)  D-glucono-δ-lactone +GOx (FADH2) 

(1) 

GOx(FADH2) + O2  GOx(FAD) + H2O2 (2) 

H2O2   O2 + 2H
+
 + 2e

-
 

(3) 

*FAD: flavin adenine dinucleotide 

 

The prepared biosensor was immersed in 0.1 M PBS (pH 7.0) containing 0.1 M KCl as a supporting 

electrolyte, and its steady-state current (ia) was measured. The electrochemical cell was stirred after 

addition of glucose and its current (ib) was measured again. The current differences (∆i = ib–ia) were 

plotted against glucose concentrations. 

 

3. Results and Discussion 

 

3.1 UV-VIS Spectroscopic Studies 

 

The UV-Vis spectrum of the green synthesized ZnO nanoparticles using Z. officinale root extract is 

shown in Figure 1. The characteristic absorption peak of ZnO nanoparticles was observed at the 

wavelength of 365 nm, confirming the formation of ZnO nanoparticles.  This result is similar to 

findings previously reported by Safawo et al. [24].  

 

3.2 FE-SEM and EDX analysis 

 

The morphology of the green synthesized ZnO nanoparticles was analyzed by SEM with an EDX 

pattern. Figure 2a shows spherical particles ranging about 17–40 nm in size and forming 

cauliflower-like structures. 
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Figure 1. UV–Vis spectrum of ZnO nanoparticles representing a characteristic peak at 365 nm 

 

Sharp peaks related to zinc and oxygen atoms were detected in the EDX spectrum of the ZnO 

nanoparticles (Figure 2b). The atomic percentages of ZnO nanoparticles were 48.8% for zinc and 

51.2 % for oxygen. The FE-SEM and EDX results were similar to those previously reported for 

green synthesized ZnO nanoparticles [25, 26]. 

 

 
 

Figure 2. a) FE-SEM images of the ZnO nanoparticles (b) EDX spectrum of ZnO nanoparticles 

 

3.3 Electrocatalytic Property of CPE and ZnO/CPE 

 

The H2O2 sensitivity of the prepared electrode is an important parameter in amperometric glucose 

biosensors, as enzymatically released H2O2 is measured. The electrocatalytic activities of both bare 

CPE and ZnO/CPE during oxidation of H2O2 were investigated using cyclic voltammetry (CV) 

techniques. Figure 3 shows CVs of the CPE and ZnO/CPE in the presence and absence of 10 mM 

H2O2 in 0.1 M PBS (pH 7) at a scan rate of 100 mVs
−1

. A current-response increment related to the 

oxidation of H2O2 was obtained for both the CPE and the ZnO/CPE, but a significantly greater 

oxidation peak was observed for the ZnO/CPE. The electrocatalytic activity was also evaluated by 

amperometry. Amperometric responses of both electrodes (CPE and ZnO/CPE) increased as the 

H2O2 concentration was increased from 0.5 mM to 10 mM (inset of Figure 3). However, an almost 

four-fold higher current of H2O2 was obtained using the ZnO nanoparticle-modified electrode when 

compared with the CPE. Therefore, the green synthesized ZnO nanoparticles can catalyze and 

accelerates the oxidation of H2O2 and thereby function as excellent glucose biosensor. 

 

3.4 Optimization of the amount of ZnO nanoparticles in the CPE 

 

Different amounts of ZnO-nanoparticles, ranging from 2–12 mg, were added to the carbon paste for 

fabrication of the glucose biosensor. As shown in Figure 4, the amperometric responses of the  
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Figure 3. Cyclic voltammograms of bare CPE and ZnO/CPE in 0.1 M PBS (pH 7.0) in presence 

and absence of 10 mM H2O2. Inset: Amperometric responses of the CPE and the ZNO/CPE to 

different concentration of H2O2 from 0.5 mM to 10 mM. 

 

biosensor to 1.0 mM glucose increased with increasing amounts of the nanoparticles from 2–4 mg, 

whereas a further increase in the nanoparticle amount caused a decrease in the amperometric 

responses. For this reason, 4 mg of nanoparticles were added to the carbon paste in subsequent 

experiments. 

 

 
 

Figure 4.  Influence of ZnO nanoparticles amount in the carbon paste on the biosensor response 

 

 

3.5 Interference studies 

 

The interference of electroactive compounds such as ascorbic acid (AA) and uric acid (UA), which 

are commonly present in blood, can cause problems in correct glucose determinations. The anti-

interference capability of the biosensor is demonstrated in Figure 5. The amperometric responses of 
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the biosensor in the presence of physiologically normal levels (0.1 mM UA and 0.1 mM AA [27]) 

were compared with the glucose response obtained with a 1.0 mM glucose solution. UA and AA at 

physiological levels both gave negligible signals, and a well-defined glucose response was observed 

for the biosensor, supporting the high glucose selectivity of the biosensor. 

 

 
Figure 5. Amperometric response of the biosensor with addition of 0.1 mM uric acid, 0.1 mM 

ascorbic acid, and 1.0 mM glucose in 0.1 M PBS (pH 7) at the applied potential of +0.7 V. 

 

3.6 Amperometric Determination of Glucose by the Fabricated Biosensor 

 

The performance of the biosensor was also examined for different concentrations of glucose into 

PBS. A fast and sensitive response to glucose was obtained with the biosensor. The amperometric 

response of the biosensor reached 95% of its maximum steady-state current within 1 second (Figure 

6).  

 

 
Figure 6. The response time of the glucose biosensor in 1.0 mM glucose concentration in 0.1 M 

PBS (pH 7) at the working potential of +0.7 V. 
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A calibration curve for the glucose biosensor revealed a hyperbolic dependence on glucose 

concentrations ranging from 0.01 to 15 mM under optimal experimental conditions (Figure 7a). The 

linear region of the biosensor response is shown in the inset of Figure 7a. A good linearity was 

obtained within the range of 0.01– 1.0 mM (R
2
 = 0.9997). The limit of detection was estimated at 

14.7 µM based on a signal-to-noise ratio of 3 (S/N=3). The sensitivity of the biosensor was 

estimated as 15.98 µA mM
−1

 cm
−2

. After nine sequential measurements of 1.0 mM glucose, the 

relative standard deviation (RSD) and the standard deviation (SD) of the prepared biosensor were 

3.425% and, 0.032, respectively, indicating that the biosensor had good repeatability. 

 
 

 
 

Figure 7. (a) Calibration curve of the fabricated biosensor. Inset figure: the linear range of the 

fabricated biosensor from 0.01-15 mM glucose. (b)The Lineweaver–Burk plot of 1/I vs. 1/C for the 

fabricated biosensor. 

 

The apparent Michaelis–Menten constant (Km) was used to assess the biological activity of the 

immobilized enzyme and to determine the enzyme substrate kinetics [28]. It can be estimated from 

the Lineweaver–Burk equation [29] as follow (Equation 4): 

 
 

 
   

  
       

 
 

    
 (4) 

 

where C is the substrate concentration, imax is the maximum current obtained under substrate 

saturation and iss is the steady-state current after the addition of substrate. Figure 7b depicts the 

Lineweaver–Burk plot of the prepared biosensor. The Km and imax values for the fabricated 

biosensor were calculated as 0.99 mM and 1.79 μA, respectively. The low Km value can be 

attributed to the excellent affinity between the electrode and the enzyme. When compared with 

other ZnO nanoparticle-based glucose biosensors, the prepared biosensor has a much smaller Km 

(Table 1) and therefore a high biological affinity for glucose. 

 

Table 1. Comparison of the analytical performance of ZnO nanoparticles-based glucose biosensors 
 

Electrode material Km LOD (µM) 
Sensitivity 

(µA cm
-2

 mM
-1

) 
Response Time (s) Ref. 

ZnO nanowires - 46 1.2 ± 0.2 5–10 [11] 

ZnO nanorod array 2.9 10 23.1 <5 [30] 

ZnO nanorod 1.95 10 25.7 <2 [31] 

ZnO:Co nanoclusters 21 20 13.3 8 [32] 

ZnO nanocombs 2.19 20 15.3 <10 [33] 
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4. Conclusions 

 

In this study, ZnO nanoparticles were synthesized by an eco-friendly approach using a Z. officinale 

root extract. The synthesized ZnO nanoparticles were incorporated into a glucose biosensor, which 

showed a good performance. The incorporation of ZnO nanoparticles can significantly increase the 

electrocatalytic activity of the GOx.  The experimental results indicated that the green synthesized 

ZnO nanoparticle-modified glucose biosensor performs much better than many previously 

published ZnO nanoparticle–based biosensors in terms of its sensitivity, response time, detection 

limit, cost-effectiveness, and low Km value. The lower Km indicates a higher enzymatic activity of 

the immobilized GOx. The biosensor also showed satisfactory anti-interference capability in the 

presence of the common interfering substances such as UA and AA. 
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