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Abstract 

Ascorbic acid, well known as vitamin C, acts as antioxidant, helping the prevention of cell damage caused by free radicals. 
The paper presents fast methods for detecting ascorbic acid, using differential pulse voltammetry in different designed 
experiments. There were studied the possibilities of detection using buffer systems with pH 5.8, 7.0, 7.4 and original 
transducers. Each compound was analysed specifically at the potential indicated by the maximum signal appeared during the 
electrochemical study. The method could be successfully applied for single compound detection in food and drug samples. 
 
Rezumat 

Acidul ascorbic, cunoscut sub numele de vitamina C, acționează ca antioxidant, ajutând la prevenirea leziunilor celulare 
determinate de radicalii liberi. Lucrarea prezintă metode rapide de detecție a acidului ascorbic, utilizând voltametria de puls 
diferențială, în diferite experimente specifice. Au fost studiate posibilitățile de detectare utilizând sisteme tampon cu pH 5,8; 
7,0; 7,4 și traductori originali. Fiecare compus a fost analizat specific la potențialul indicat de semnalul maxim care a apărut 
în timpul studiului electrochimic. Metoda poate fi aplicată cu succes pentru detectarea unui singur compus în probe de 
alimente sau medicamente. 
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Introduction 

Ascorbic acid (vitamin C) is a water-soluble vitamin 
synthetized by most animals from glucose. Humans, 
rats and other primates cannot synthetize L-ascorbic 
acid, thus needing exogenous input. Vitamin C can 
be found in milk, some types of meat (kidney, liver, 
fish), but it is widely spread in fruits and vegetables 
[1, 8-12]. 
Vitamin C stimulates the growth of tissues, the 
production of collagen, and also helps the organism to 
absorb iron. Acting as a scavenger of singlet oxygen, 
hydroxyl radical or molecular oxygen, ascorbic acid 
is largely used as antioxidant in drinks and food, to 
protect oxidable components (phenolic and flavour 
compounds) [7]. Normal values for human serum 
ascorbic acid are 4.6 - 14.9 mg/L [16]. Ascorbic acid 
excess can lead to gastric irritation and renal 
problems (due to its metabolite - oxalic acid) [13]. 
There were identified also studies that demonstrate 

the pro-oxidant action of ascorbic acid in presence 
of heavy metal cations - dehydroascorbate is able to 
reduce Fe3+ to Fe2+ - process that depends on redox 
cycles generating oxygen reactive species from the 
environment [7]. 
Chromatographic methods [17], optical detection 
(based on the reaction with hexacyanoferate III, or 
chemiluminescence) [5] and kinetic methods [8-11] 
were used for ascorbic acid detection. The electro-
chemical methods are based on the redox couple of 
ascorbic acid/dehydroascorbic acid [9]. There were 
used carbon paste electrodes and also modified 
electrodes (in order to minimize the possible interfering 
compounds from the complex analytical sample) [5]. 
The aim of this study was to test and to optimize 
different designs of electrochemical methods for 
ascorbic acid detection, using an original transducers 
system, with possible application in life sciences (drug 
control, food analysis, biological sample tests). 
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Materials and Methods 

Reagents. In this experiment, the following 
substances were used: ascorbic acid (Sigma-Ald., 
Steinheim, Germany), ascorbic acid 750 mg/5 mL 
intravenous solution (SC Arena Group SA, 
Bucharest, Romania). The stock solution of ascorbic 
acid, with a concentration of 1 mM in distilled water, 
was prepared. From this solution, different volumes 
were added into 10 mL of phosphate buffer solutions 
(pH values: 5.8, 7.0 and 7.4). 
Equipment. The equipment consisted in an Eco 
ChemieAutolab PGSTAT12 Potentiostat/Galvanostat 
Electrochemical System (Utrecht, Netherland) 
connected to the GPES programme. Original 
transducers produced in University of Perpignan Via 
Domitia (France), previously applied by our group 
successfully [3, 5, 6], were used for the experiments 
- SPE (screen printed electrodes with carbon as 
working electrode, Ag/AgCl as reference and 
carbon as auxiliary electrode). 
Methods. The detection of ascorbic acid was 
studied as single compound, at different pH values 
(5.8, 7.0 and 7.4), using differential pulse 
voltammetry (DPV). DPV was chosen as the best 
detection method, because it studies the properties of 
extremely small quantities of chemical substances, 
thus being a highly sensitive method [2, 4]. Each 
electrochemical detection was performed in 
duplicate for different standard solutions, using 
specific software (GPES for Auto LAB equipment), 
and the heights of the specific peaks were measured. 
For each experimental condition (at each pH value) 
the linearity domains were calculated. 
 
Results and Discussion 

In order to optimize the detection of ascorbic acid, 
the experiments were carried out at different pH 
values. The results obtained at pH 5.8 are presented 
in Figure 1. 

 

 
Figure 1. 

DPV detection of ascorbic acid at pH 5.8 
(ED TEST = electrode tested in buffer system) 

 
For this experimental condition it can be observed 
the appearance of specific peaks of ascorbic acid that 
are well represented. The peaks appeared between 
-0.02 V and 0.11 V (Figure 2). 

 

 
Figure 2. 

Dependence of the potential of maximum signal 
versus ascorbic acid concentration at pH 5.8 

 
The dependence of the potential value corresponding 
to the maximum value of the peak is moving to the 
right side, in accordance with the increase of 
ascorbic acid concentration in the analytical 
mixture. This behaviour was explained by the strong 
electro - catalytic effect of ascorbic acid that was 
reported in scientific literature with variations 
between 105 and 535 mV, depending on the design 
of the electrodes [18]. Measuring the peaks heights, 
it was performed the calibration curve (Figure 3). 

 

 
Figure 3. 

Calibration curve for ascorbic acid, for DPV at pH 5.8 
 
It can be noticed a directly proportional increase of 
the peak heights with the concentration of ascorbic 
acid (the linearity domain was between 1 and 4 µM), 
followed by a relatively constant domain (for more 
than 5 µM ascorbic acid), due to the possible saturation 
of the active surface of the working electrode. At a 
neutral value of the pH, the peaks for ascorbic acid 
are represented in Figure 4. 

 

 
Figure 4. 

DPV detection of ascorbic acid (AA) at pH 7.0 
(ED TEST = electrode tested in buffer system) 

 



FARMACIA, 2018, Vol. 66, 1 

 85 

For this pH it was also observed a shift of the peaks 
to the right when the increase of the concentration 
occurs (Figure 5). This behaviour corroborates the 
irreversibility of the electrode reaction, as other 
researchers also observed for DPV determination of 
teriflunomide on an edge plane pyrolytic graphite 
electrode [14]. The calibration line was plotted for 
the experimental data obtained at pH 7.0 (Figure 6). 

 

 
Figure 5. 

Dependence of the potential of maximum signal 
versus ascorbic acid concentration at pH 7.0 

 

 
Figure 6. 

Calibration curve for ascorbic acid, for DPV 
detection at pH 7.0 

 
The linearity was obtained for a range between 2 
and 6 µM of ascorbic acid. 
Tests were performed also for pH 7.4 and the 
obtained results are indicated in Figure 7. 

 

 
Figure 7. 

DPV detection of ascorbic acid at pH 7.4 
(ED TEST = electrode tested in buffer system) 

 
For this experimental condition it can be observed 
that the appearance of ascorbic acid specific peaks 

is well represented. They appeared between -0.16 V 
and -0.01 V, with an increasing in intensity while 
increasing the amount of ascorbic acid in the reaction 
mixture (Figure 8). Measuring the peaks heights, it 
was performed the calibration curve (Figure 9). 

 

 
Figure 8. 

Dependence of the potential of maximum signal 
versus ascorbic acid concentration at pH 7.4 

 

 
Figure 9. 

Calibration curve for ascorbic acid, for DPV 
detection at pH 7.4 

 
It was tried to fit the experimental data using 
polynomial dependence (second order dependency), 
using the Excel features (r2 = 0.9812). It can be 
noticed a directly proportional increase of the peak 
heights with the concentration of ascorbic acid, 
with a linearity domain between 1 and 3 µM. 
Using the data obtained for a concentration of 
ascorbic acid of 4 µM for all three tested buffer 
systems, the results are plotted in Figure 10. 

 

 
Figure 10. 

Comparison between the peak heights of 4µM of 
ascorbic acid; DPV detection 

 

Because the best peaks appeared at all these three 
pH values, we recommend the dosage of ascorbic 
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acid to be performed at these values of pH. The 
larger linear domain was for pH = 7, where it seems 
to have more advantageous analytical experimental 
conditions. The slopes of the calibration lines are 
similar, so the sensitivities of these detection methods 
are similar. 
This assay was validated with good correlation using 
the colorimetric kit provided by Sigma-Aldrich, where 
the final enzymatic product is proportional to the 
ascorbic acid from the sample. 
Real samples (injectable form of vitamin C, SC Arena 
Group SA, Romania) were tested, being used as they 
were, without any other processing steps. The real 
solution of injectable vitamin C was added in 10 mL 
of buffer systems with different pH values, for a 
final concentration of 3 µM. DPV analysis was 
performed. Using the calibration lines, obtained for 
each pH, there were calculated the recovery degrees 
dividing the obtained value to the reported vitamin 
C (for injectable form). The obtained recovery 
degrees were 90.33%, 114.0%, and 95.33% for pH 
5.8, 7.0, and 7.4. 
According to the acceptability of the requirements of 
the European Pharmacopoeia (95 - 105%), the 
method can’t be used at pH 5.8 and 7.0 to control 
the quality of the injectable vitamin C solution. 
However this technique allows vitamin C detection 
from food samples according to the criteria of Codex 
Alimentarius, where recoveries between 80 and 120 
are usually acceptable [15]. 
The obtained data are in accordance with other 
scientific literature results where, for pH lower than 
8, there are mentioned two successive steps - one 
electrode oxidation, and a rapid dehydration which 
made the process irreversible [18]. This explained 
also the instability of redox couple of ascorbic acid 
and dehydroascorbic acid in basic solutions. 
 
Conclusions 

Differential pulse voltammetry has proven to be a fast 
and reliable method for detecting biologically active 
substances that are found in food, pharmacological 
samples and in the human body liquids. 
The developed electrochemical methods for 
detection of ascorbic acid can be used for 
pharmacological samples at pH = 7.4 and for food 
samples for all tested pHs (5.8; 7.0; 7.4). 
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