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Abstract 
Electrooxidation (EO) of glucose (Glu) on a stainless steel (SS) electrode surface was 
investigated under two conditions: in the absence and presence of Pseudomonas bacteria. 
In its absence, CV analysis revealed a redox system within potential (E) range from -0.5 
to 0 V. However, when bacteria suspension was introduced into the electrolytic solution, 
significant changes were observed. CV showed the emergence of anodic and cathodic 
peaks, accompanied by a substantial increase in current density (j). This indicated strong 
interactions between electrode surface and bacteria. The presence of bacteria also caused 
the redox system to shift towards more anodic E values. Despite this shift, oxidation j 
decreased. These findings suggest that Pseudomonas played a critical role in modifying 
the electrochemical behavior of Glu on SS electrode surface, possibly through direct 
interactions or alterations in the local environment at the electrode-electrolyte interface. 
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Introduction 
The increasing reliance on fossil fuels requires the exploration of alternative 
energy sources. One promising solution is the conversion of biomass into 
fundamental chemicals [1-6]. Biomass is abundant in nature, motivating 
researchers to develop suitable conversion methods. Glu, a derivative of biomass, 
can be used to generate electrical energy through fuel cells [7, 8]. Glu-based fuel 
cells, which operate via its complete oxidation, can release substantial energy up 
to 3 mJ/mol [9]. Glu offers several advantages as a fuel, including its wide 
availability, low cost and non-toxicity [10-13]. Moreover, Glu eliminates 
explosion risks and storage challenges commonly associated with hydrogen and 
methanol, both of which are highly flammable. Thus, Glu fuel cells are emerging 
as promising alternatives [14-16]. 

                                                      
The abbreviations and symbols definition lists are in page 390. 
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In parallel, significant advancements in medical implants have shifted focus from 
passive to active implants, incorporating electronic devices that can monitor and 
regulate bodily functions. These active implants may include sensors or energy 
sources, such as Li-I2 battery used in pacemakers [17, 18]. 
In healthcare, Glu fuel cells are particularly advantageous, due to their ability to 
achieve significant volumetric reduction. Instead of storing energy, they directly 
convert Glu, a fuel readily available in the body, into electrical energy. This 
feature, combined with their ease of implantation, allows Glu fuel cells to function 
and generate energy from virtually any location within the body. For instance, 
polymer-electrolyte Glu fuel cells can employ various bodily fluids, such as 
interstitial fluid or blood, as a fuel source for energy generation, tears or 
cerebrospinal fluid [19-21]. Glu complete oxidation requires the use of living micro-
organisms, such as bacteria, which can generate energy up to 1000 µW/cm2 [22]. 
In this paper, the performance of a SS electrode for Glu oxidation in presence of 
bacteria was examined.  
 
Experimental  
The experiments were carried out in an electrochemical measuring cell equipped 
with Ag-AgCl, Pt (1 cm2) and SS (1 cm2) plates, as reference, auxiliary/counter 
and working electrodes, respectively. A potentiostat type Volta lab 10 was assisted 
by Master 4 software. The electrolyte used was a 1 M NaCl solution.  
Dark-field optical microscope, with a specialized condenser, provided high 
resolution (0.2 µm), 10x–100x magnification, contrast enhancement for unstained 
specimens, and image capture, enabling clear visualization and analysis of 
bacterial adhesion. 
Powdered Glu was from Sigma-Aldrich, with a purity of ≥ 99.5% and mass of 
180.16 g/mol. Bacteria used in this work were Pseudomonas (Gram-negative). The 
strain was cultivated in Luria Bertani broth, at 37°C, for 24 h. Cells were then 
harvested by centrifugation at 8400 xg, for 15 min, washed twice, and resuspended 
in a 0.1 M KNO3 solution. Physicochemical properties were assessed using contact 
angle measurements. Oxygen was removed by bubbling N gas through the 
solution, for 5 min, and maintaining a N blanket during the experiment. A fresh 
solution was prepared for each experiment. The bacterial suspension was diluted 
with water to the required concentration. For Pseudomonas cultured in Luria 
Bertani broth, at 37°C, for 24 h, optical density at 600 nm typically ranged from 
0.8 to 1.5, depending on growth conditions. 
 
Results and discussion 
Interaction of bacteria with the SS surface 
Fig. 1 (a-b) shows the images taken by optical microscope for SS plates without 
and with bacteria (in a solution, for 15 min), respectively. The choice of 15 min 
immersion time for the electrode in the solution with Pseudomonas was because it 
allowed optimal adhesion of the bacteria to the electrode surface, while 
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maintaining their biological viability. This time was experimentally optimized to 
ensure good electrochemical performance, and it is easily reproducible, thus 
guaranteeing reliable and consistent results in experiments. Fig. 1 shows adhesion 
of bacterial spherical structures onto the SS surface. 
 

 
Figure 1: Optical microscope images of SS surface- (a) without bacteria; (b) with 
bacteria, after 15 min. 
 

Mechanism of bacterial action on Glu oxidation 
Aerobic bacteria employ a process known as cellular respiration, to oxidize Glu 
and harness energy in the form of adenosine triphosphate [23-25]. This cellular 
respiration occurs in several stages: glycolysis, Krebs cycle (also referred to as 
citric acid cycle) and electron transport chain. Overall reaction for aerobic 
respiration can be summarized as follows: 
 

  
Another pathway involves Glu oxidation to gluconate, at the membrane level, 
facilitated by the enzyme gluconate dehydrogenase, as illustrated in Fig. 2. 
 

 
Figure 2: Image showing glucose oxidation to gluconate. 

 

Fig. 3 shows CV recorded on the SS electrode surface, in 1 M NaCl solutions 
without (curve a) and with bacteria (curve b).  
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Figure 3: CV recorded at the SS electrode in a 1 M NaCl solution - (a) without and (b) 
with bacteria. 
 

Pseudomona presence in the electrolyte medium caused a remarkable change in 
the CV structure, since they have redox properties. The CV shows a well-defined 
peak (P1), in anodic scanning direction, around 0.1 V, and two reduction peaks, in 
cathodic scanning direction, P2 and P3, at 0.5 and around -1 V, respectively. 
Fig. 4 shows the effect of bacteria contact with the electrode surface. As the contact 
time increased, j of redox peaks increased, shifting towards positive (P1) and 
negative E (P2 and P3), respectively. 
 

  
Figure 4: CV recorded at the SS electrode, in 1 M NaCl with Pseudomonas, and effect 
of pre-concentration time. 
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The shift in redox peaks towards more positive and negative E values, respectively, 
suggests a modification in the electrochemical environment at the electrode-
bacteria interface. Several possible interpretations for this include: change in 
microenvironment-the bacteria, by forming a biofilm or releasing substances, can 
alter the microenvironment near the electrode, which lead to a change in redox 
conditions (E, local pH, etc.); variation in electroactive mediators- the shift in 
peaks may be associated with the release or consumption of redox mediators by 
bacteria, or with a modification in the dynamics of electron transfer reactions; and 
reduction of electron transfer barrier- the formation of a bacterial biofilm could 
lower the energy barrier for electron transfer, resulting in a change in reaction E. 
Table 1 gathers electrochemical parameters deduced from impedance diagrams. 
Cdl evolution, which increased considerably with contact time of bacteria with the 
electrode surface, is seen, confirming their adhesion onto it. 
 

Table 1: Electrochemical parameters. 

Time  
[min] 

Diameter 
[KΩ.cm2] 

 

Correlation R1 
[Ω.cm2] 

 

R2 
[Ω.cm2] 

 

R2 - R1 
[Ω.cm2] 

 

Cdl 
[µf/cm2] 

 
0 0.140 0.980 28.29 139 110.71 57.22 
1 1.082 0.990 320.4 1077 756.6 165.3 

5 0.912 0.999 268 911.4 643.4 174.6 

10 0.850 0.987 266.3 843.0 576.7 264.2 

15 0.760 0.989 246.7 755.8 509.1 294.8 

90 0.592 0.983 192.9 590.8 397.9 339.4 

 

The effect of scan rate (SR) on CV curve recorded at the SS electrode surface in 
the bacteria presence is depicted in Fig. 5.  
 

  

Figure 5: CV recorded at SS electrode, in 1 M NaCl with bacteria. SR effect. 
 

By analysing these results, a linear increase in peak j with higher SR is observes. 
This indicates that, within this range of SR values, the system proportionally 
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responded to SR variations, which suggests a diffusion-controlled electrochemical 
behaviour. In other words, at moderate SR, electron transport is fast enough for 
surface reactions to closely follow changes in SR. 
However, when SR became very high, this linear relationship weakened, since, at 
these values, the increase in peak j occurred much more slowly. This shift in trend 
can be attributed to the quasi-reversible nature of the system (depicted in Fig. 6).  
 

  

Figure 6: Evolution of anodic peak j with SR square root. 
 

In electrochemical terms, a quasi-reversible system is characterized by a less 
pronounced balance between the surface reaction rate and charge transport 
(electrons and ions). In this case, the electron transfer processes start to lag behind 
rapid changes in SR, resulting in a relative decrease in peak j. 
This transition to a quasi-reversible regime at high SR suggests kinetic limitations 
in electron transfer processes between SS electrode and bacteria. The nature of 
these limitations could be related to factors such as charge transfer barriers at the 
electrode-bacteria interface, modifications in biofilm layer structure, or even 
saturation of reactive sites on the electrode surface. These results highlight the 
importance of electrode-bacteria interactions in overall electrochemical response, 
providing a deeper understanding of the mechanisms involved in biologically-
coupled metallic electrode systems. 
 
EO of Glu on the surface of the SS electrode 
The oxidation of Glu on the SS electrode surface, in a 1 M NaCl solution, was 
studied by CV. Glu oxidation on the of the SS electrode surface, in a 1 M NaCl, 
was studied by CV. 
Fig. 7 shows CV recorded without (curve a) and with (curve b) Glu.  

di = 0,1893*V
1/2

 - 0,1882 

R² = 0,9876 
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Figure 7: CV recorded at the SS electrode in 1 M NaCl - (a) without (b) and with glucose. 
 

Glu oxidation is characterized by two opposite peaks: the first is anodic, at 
approximately -0.25 V, while the second is cathodic, at about -0.5 V, indicating a 
redox system. Notably, anodic j values were significantly higher. 
Fig. 8 presents SWV results obtained at the SS electrode surface, both without 
(curve a) and with (curve b) Glu. Glu oxidation is evident from the appearance of 
three peaks in SWV. The first peak was around -0.5 V, the second at -0.25 V, 
corresponding to Glu initial redox reaction, and the third, at around 1.5 V, 
represents an oxidation peak. 
 

  

Figure 8: SWV recorded at SS electrode in 1 M NaCl - (a) without (b) and with glucose. 
 

Fig. 9 shows EIS diagrams recorded on the SS electrode surface without (curve a) 
and with Glu (curve b). EIS diagrams have the shape of half-loops, of which 
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diameter corresponds to Rct. Rct value was smaller in Glu presence than in its 
absence, which shows the electrode activity towards Glu oxidation.  
 

  

Figure 9: EIS recorded at SS electrode in 1 M NaCl - (a) without (b) and with glucose. 
 

The oxidation reaction can be considered as an electron transfer, which was studied 
by plotting Taffel lines (Fig. 10). Curve (a) was recorded in NaCl without Glu and 
curve (b) with it. It was seen that Glu presence shifted equilibrium E towards 
negative values, which shows the activity of this electrode towards Glu oxidation. 
 

  
Figure 10: Taffel plots recorded at the SS electrode in 1 M NaCl- (a) without and (b) 
with glucose. 
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Table 2 summarizes electrochemical parameters deduced from Tafel curves. As it 
is seen, equilibrium E went from -35.5 V, in Glu absence, to -480.9 V, in its 
presence. Therefore, Glu oxidation was favored. The j value recorded at 
equilibrium went, in Glu absence, from 233.9 to 0.652 mA/cm2, in its presence, 
which means that it has formed a film on the electrode surface. The anodic slope 
increased, in Glu absence, from 1113.3 to 589.1 mV, in its presence, which shows 
that the reaction was controlled by oxidation. 
 

Table 2: Electrochemical parameters. 

Electrode E(i=0) 
(mV) 

Rp 
(Ω.cm2) 

icorr  
(mA/cm²) 

a  
(mV) 

c  
(mV) 

Coefficient CR  
(mm/Y) 

 SS -35.5 676.5 233.9 1113.3 1067.8 1 2.7 
SS-Glu -480.9 160.7 0.6 589.1 1079.1 1 7.6 

 

Electro oxidation of Glu on the SS electrode surface in bacteria presence  
Glu oxidation with bacteria was studied on the SS electrode surface. Fig. 11 shows 
CV recorded at the SS electrode surface in NaCl with Glu and Pseudomonas.  
 

 
Figure 11: CV’s recorded at the SS electrode in 1 M NaCl- (a) with Pseudomonas and 
(b) with bacteria and glucose. 
 

CV, in Glu absence (curve a) and presence (b), had the same shape. Redox peaks 
appeared at shifted E values. However, j decreased for Glu oxidation in bacteria 
presence. 
SWV recorded on the SS electrode surface in NaCl with bacteria (curve a) and Glu 
(curve b), are presented in Fig. 12. It was found that j increased in Glu presence. 
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Figure 12: SWV recorded at the SS electrode in 1 M NaCl- (a) with bacteria and (b) with 
bacteria and glucose. 
 

Fig. 13 shows EIS recorded on the SS electrode surface in NaCl with bacteria, 
without (curve a) and with Glu (curve b). EIS have the shape of half-loops, of 
which diameter corresponds to electron Rct. Glu oxidation manifested by a 
decrease in Rct, which corresponds to an increase in the electrode activity. 
 

 
Figure 13: EIS recorded at the SS electrode in 1 M NaCl- (a) with bacteria and (b) with 
bacteria and glucose. 
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The j of peaks relating to Glu oxidation in the presence of bacteria linearly varied 
with Glu concentration (Fig. 14), for which an analytical equation was determined.  
 

 Peack P1 
 

 Peack P2 
 

 
Figure 14: Evolution of anodic and cathodic peaks j with Ct of glucose in 1 M NaCl with 
bacteria. 
 

Conclusions 
In conclusion, Glu fuel cells present a promising solution for a variety of 
applications in medical electronic implants, particularly as power sources for heart 
stimulators and as biosensors. SS electrode utilized in these fuel cells has 
demonstrated impressive performance in terms of Glu oxidation efficiency, 
achieving significant j, while showing no signs of surface poisoning. 
Furthermore, the innovative incorporation of Pseudomonas as catalysts for Glu 
oxidation offers a compelling advancement in this field. These bacteria tend to 
modify the electrode surface by forming a biocompatible biofilm, which not only 
enhances catalytic activity, but also promotes integration with biological tissues. 
Notably, the bioelectrode retained the same functional properties as the bare 
electrode surface, ensuring reliable performance in real world applications. This 
dual capability underscores the potential of Glu fuel cells to improve the safety and 
efficacy of medical devices, paving the way for more sustainable and efficient 
power sources in healthcare technology. 
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