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Abstract 

Antioxidant potential of the fungal dye, produced by a strain selected from the collection of 
Epicoccum nigrum bioresearch platform (acronym MIUG) was partially characterized in previous 
studies. However, the fungal dye antioxidant capacity compared with other potential colorant inhibitors 
of lipid peroxidation (e.g. cochineal dye) has not been fully elucidated, especially regarding its 
behavior in emulsions.  

In the present study, by a voltammetric technique, the antioxidant potential of yellow dye 
synthesized by fermentation in SSF system Epicoccum nigrum strain selected MIUG 2.15, after 
immobilization by emulsification in model food emulsions was evaluated. 
Fungal dye antioxidant activity in stable emulsions is correlated to its electrochemical behavior. Thus, 
to highlight the potential of oxidation of emulsions containing dyes the cyclic voltamograms (scan rate: 
100 mVs-1) were determined. Corresponding oxidation peaks were observed more clearly, compared 
with the corresponding reduction, which were lower. 

Regarding the control emulsion, which relate to the antioxidant effect of dyes present in the 
system is properly noted the appearance of a little platinum electrode; the equilibrium potential is E0 = 
-835 mV. From cyclic voltamograma peak of the emulsion with propyil gallate is notes the reduction in 
peak intensity for platinum electrode and the appearance of an anode peak (-589.3 mV), corresponding 
to the propyil gallate introduced in emulsion.  

Specifically in the case of emulsion containing the cochineal or fungal dye is the appearance 
of two second anode and cathode peaks in cyclic voltamogram, which means that in this case, there 
were several redox processes induced by this dyes in emulsions. On the other hand, the currents are 
small to very small. This is due to-OH groups and = C = a specific colour, which are largely 
responsible for its antioxidant activity. For fungal dye emulsion the cyclical voltamogram have less 
defined redox processes. However, small peaks can be assigned to oxidation conjugated double bonds 
systems present in flavonoids which are found in fungal dye, perhaps by producing a radical 
intermediate during the oxidation process. 

 
Keywords: emulsifiers, antioxidants, fungal dye, cyclic voltammetry   
 
Introduction 

 
Many natural and manufactured food products exist in the form of emulsions. From 

dairy products, such as butter, margarine, whipped cream, ice cream, cheese, salad dressings, 
mayonnaise, soups, sauces, and infant formulations to baked goods and condiments, emulsions 
help form the matrix on which these products are constructed (FRIBERG et al. [1]). Most food 
emulsions are of an oil-in-water (O/W) type (e.g. milk, mayonnaise, salad dressing). 

The emulsions are thermodynamically unstable systems due to the positive free energy 
needed to increase the surface area between oil and water phases and their particle sizes are d > 
100 nm, and so they tend to appear either turbid or opaque (JIAJIA and McCLEMENTS [2]). 
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Emulsification is a complicated process which has been widely investigated theoretically and 
experimentally. However, many of the sub processes are poorly understood (WALSTRA [3]).  

Physicochemical, sensory and functional characteristics of any emulsion-based food 
products are determined by the nature of the ingredients and the manufacturing process. 
Experimental and theoretical studies on food emulsions have evidenced the role played by the 
basic components in food stability. The quality of emulsion-based food products is largely 
determined by their appearance and shelf life. A great deal of research has been realized by 
colloid scientists to elucidate the factors which influence the shelf life of food emulsions 
(DICKINSON [4] and McCLEMENTS [5]). Given its important role in determining the 
quality of food products (HUTCHINGS [6]), surprisingly little work has been carried out on 
the factors which influence emulsion shelf life. 

Recently, there has been increasing interest in studying lipid oxidation in food 
emulsions (TANONG et al. [7]; KREMENA [8]; WILAILUK et al. [9]). Lipid oxidation is a 
major factor in the quality and shelf life of emulsion-based food products. Oxidation process 
is one of the most important deterioration processes since it may affect food safety, color, 
flavor and texture. Antioxidants may protect emulsion-based food products quality by 
preventing oxidative deterioration. The restriction in the use of synthetic antioxidants, such as 
BHA and BHT, has caused an increased interest on natural antioxidants. According to Cosio 
et. al. [10] and Vinson et. al. [11] phenolic compounds contained in foods (phenolic acids and 
flavonoids) are antioxidants with important protective properties for human health.  

Similarly with antioxidants, the utilization of natural dye in food products has been 
increasing in recent years due to the marketing advantages of employing natural ingredients 
and due to consumer concerns about eventual harmful effects of synthetic dyes. The use of 
natural dye in food products that are based on emulsions presents advantages, and certain dyes 
are associated with functional properties (BATISTA et al. [12]). Currently, natural dyes are 
derived from various sources: plants, insects and microorganisms (SAMEER et al. [13]; KIM 
et al. [14]; SUGIMOTO et al. [15]; CHO et al. [16]; ALISON and PAUL [17]). 

Plant tissue cultures are often considered an effective alternative for the production of 
natural colorants such as anthocyanins and carotenoids, which accumulates in high amounts in 
plant cells. 

In contrast to plants, fungi are more suitable for biotechnological production of dyes 
because it requires no complicated conditions of cultivation. On the other hand, due to various 
shortcomings in the use of natural colorants (instability to light, heat or pH changes), experts 
in food products require frequent alternative sources of dyes. Biotechnology will allow 
industrial-scale production of dyes. Epicoccum is one such a genus which has been previously 
reported to produce a variety of secondary metabolites including pigments with good stability 
and with color hues in red-orange-yellow spectra; also, water soluble yellow pigment with 
antioxidant property was reported (SAMEER et al. [18]; STRICKER et al. [19]; 
SRINIVASAN et al. [20]).  

Our previous studies have shown that new yellow fungal dye synthesized by 
fermentation in solid state fermentation (SSF) system Epicoccum nigrum strain selected 
MIUG 2.15, physical and chemical characteristics does not change over time and under action 
of various factors (CRETU et al. [21-23]).  

On the other hand, one of the most used natural dyes derived from insects is cochineal. 
Carmine (E-120, color index no. 75470) is a natural dye extracted from dried females of the 
arthropod Dactylopius coccus (cochineal). Carminic acid (7-D-glucopyranosyl-9, 10-dihydro-
3, 5, 6, 8-tetrahydroxy-1-methyl-9, 10-dioxo-2-anthracenecarboxylic acid) is the main 
component of the cochineal food dye obtained from the insect (SUGIMOTO et al. [15]).  
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Recently, researchers have shown that some natural dyes with antioxidant activity can 
be beneficial for human health, protecting and preventing against a number of health disorders 
(HÉLDER et al. [24]; ERHARDT et al. [25]). 

In this study, the total antioxidant activity of fungal dye emulsion has been evaluated 
by a new method for the colloidal systems, based on an electrochemical detection. It 
represents an attractive alternative to the mostly methods used since its is based on the 
chemical structure of antioxidants and does not require the manipulation of some parameters, 
such as temperature and oxygen pressure, to accelerate oil phase oxidation of the emulsion. 
The method employs the use of cyclic voltammetry (CV) and it data represent the overall 
antioxidant capacity, that result from the various low molecular weight antioxidant 
components, without evaluating the specific contribution of each compound. It is simple, 
reliable and rapid (SHLOMIT et al. [26]). Recently cyclic voltammetry has been shown to be 
a suitable electrochemical method to evaluate the global antioxidant capacity of real samples 
like edible plants, wine, plasma, or dermocosmetic cream (KOROTKOVA et al. [27]; 
SHLOMIT et al. [28]; PAUL et al. [29]; ERIC et al. [30].  

Therefore, the aim of this work was to presents preliminary study allowing the 
assessment of the total antioxidant activity of the stable fungal dye oil-in-water emulsions by 
means of electrochemical techniques performed directly in the colored emulsion, without any 
pretreatment of the sample. Cyclic voltametry was used to show the overall antioxidant 
capacity of the fungal dye emulsions, after immobilization of the dye by emulsification in 
model food emulsions. Comparison of the voltammograms with those recorded with 
cochineal (E-120) and/or antioxidants aqueous solutions allowed us to correlate the 
electrochemical characteristics of the emulsion with the properties of the redox species. On 
the other hand, the influence of oxidative stress on its antioxidant properties was highlighted. 
 
Materials and methods 
 

Materials 
Refined sunflower oil was purchased from S.C. Prutul S.A., Galati and had the 

following characteristics: the peroxide value was below 0.5 meq O2/ kg oil, saponification 
index 189.1 mg KOH/g oil, acidity index 0.02 mg KOH/g oil and iodine index 123.2 g I2 /100 
g oil. The major fatty acid composition of the sunflower oil, as determined by gas-
chromatography of the methyl esters, was as follows: 6.4% C16:0, 4.1% C18:0, 19.9% C18:1, 
67.7% C18:2, 0.21% C18:3, 0.27% C20:0 and 0.72% C22:0. 

The emulsifier used is polyoxyethylene (20) sorbitan tristearate, also called Tween 40 
supplied by Fluka/Sigma–Aldrich Switzerland. It is a non-ionic hydrophilic emulsifier, 
commonly used in food because of its low toxicity.  

Gallic acid and propyl gallate were obtained from Aldrich Chemical Co. (Milwaukee, 
WI, USA). Na2HPO4·12H2O and NaH2PO4·H2O for phosphate buffer were obtained from 
Panreac (Barcelona, Spain). 

The fungal isolates used in this study were procured from the Industrial Microbiology 
Collection (coded MIUG) of the Applied Microbiology Department of the Bioaliment 
Platform of the Faculty of Food Science and Engineering of “Dunărea de Jos” University of 
Galati Romania. Fungal dye of microbial origin, Epicoccum nigrum strains MIUG from 2.15, 
is rich in flavonoids and phenolic acids, and was obtained by solid state fermentation (SSF) as 
method described in previous works (BAHRIM and ŞOPTICĂ [31]). 

Carmen Erika 895 (E-120, red 4 or cochineal, E 120, anthraquinone class), used for 
food products, was obtained from Ringe and Kuhlmann, Germany. It is a water-soluble dye. 
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Analytical grade sodium chloride was purchased from the Sigma Chemical Company. 
Hydrogen peroxide was purchased from Merck. 

The buffer solution used to prepare the food emulsions was a 5 mM phosphate buffer 
(containing 0.02 wt % sodium azide as an antimicrobial agent) adjusted to pH 6.2. This pH 
was selected because it is close to the pH of the continuous phase of many oil-in-water 
emulsions-based food products. 

Combined Meter HI 255 pH / mV and EC / TDS / NaCl LV2, HANNA equipped with 
pH electrode (HI 1131B) EC probe (HI 76310) and probe (HI 7662) was used. Before and 
after each determination of the electrode was washed with deionized water. 

All the solutions were prepared using double deionized water (18.2 MW – cm, 25 ◦C) 
from Millipore Milli-Q system (USA) and used after 24 h of stabilization at room 
temperature. 

The electrochemical measurements were performed using an EG&G Princeton 
Applied Research potentiostat/galvanostat 263 (with Electrochemical Analysis Software) and 
carried out in a one compartment glass cell provide with three electrodes at room temperature. 
The working electrodes were platinum and gold. Sodium chloride (100 mM) was used as 
electrolyte. All measurements were carried out using as reference the system Ag/AgCl (KCl 3 
M) and potentials reported were relative to the corresponding reference. Large surface area 
platinum (2 cm2) was used as counter electrode (APETREI et al. [32]).  

 
Methods 
Samples preparation and voltammetry in sunflower oil-in-water emulsion  
Different antioxidants and dye solutions in deionized water were freshly prepared 

before the measurements. The preparation of emulsions was similar to the report described by 
Batista (BATISTA et al. [33]) with a slight modification. Concentrated oil-in-water emulsions 
(primary emulsion) were prepared by blending 30 wt% lipid phase (sunflower oil) with 70 
wt% aqueous phase (1wt% Tween 40, 5 mM sodium phosphate buffer and 100 mM NaCl 
solution) to form emulsions with a constant final oil concentration, using a high-speed 
homogenizer (Ultra-Turrax, France). Sodium chloride was dissolved in the aqueous phase 
prior to homogenization. This concentration was chosen because Klinkesorn and Namatsila 
showed that the droplet charge (zeta-potential) of emulsions stabilized by non-ionic surfactant 
remained negative at low NaCl concentrations (≤ 100 mM) but become slightly positive at 
higher NaCl concentrations. The mean diameters of droplet in emulsions increased with 
increasing NaCl because of the electrostatic screening effect and decrease the stability 
(KLINKESORN and YAOWAPA [34]).  

Emulsions containing various concentrations of dye (cochineal and fungal dye: 0.08 
and 0.1 wt%, respectively) were prepared. Two concentrations were used due to the 
differences in tinctorial power of the dyes. Also, oil-in-water emulsions containing various 
antioxidants were obtaining; for gallic acid and propyl gallate the concentration of the stock 
standard solutions was 4.25 mM. In all cases, the final concentration of the antioxidant 
samples used for experiments was of 50 µM as reported previously by Rafael de Queiroz 
Ferreira and Luis Alberto Avaca (FERREIRA and AVACA [35]). All solutions were stored in 
the dark at 20 ± 2 °C. 

The emulsifier was dispersed under magnetic stirring (10 min, at room temperature) 
and emulsification was carried out at 2500 rpm for 15 min). Then the mixture was passed 
through a one stage ultrasonication at 45% Amplitudine, 0.05 pulse (Bandelin, Sonopuls, 
Germany, equipped with a titanium horn - 3 mm diameter - mounted at the top of the 
cylindrical glass cell) for 3 min. Emulsification experiments were conducted in the 
experimental setup. It consists of a double glass cylindrical jacket, allowing water-cooling of 
the emulsification cell. In all cases, the volume treated was 100 mL.  
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A good emulsification is related to an optimum amount of ultrasonic energy according 
to the procedure of Meriem et. al. [36]. The temperature is maintained constant (20 ± 2 °C) by 
a circulation of water in the jacket of the emulsification cell. Diluted emulsions with varying 
compositions were prepared by diluting concentrated emulsions with aqueous emulsifier 
solution (1 wt%).  

All emulsions were placed in cylindrical glass containers (100 mm diameter and 150 
mm height) at 4°C. All experiments were performed at 20 ± 2 °C and replicated at least three 
times. The experiments were repeated in order to verify the reproducibility of the results. 

The oil-in-water emulsions obtained were transferred to the electrochemical cell and 
voltammograms were obtained. 

Cyclic voltammetric experiments were performed directly inside on the emulsions as 
reported previously by Agiii et. al. [37]. 

Prior to use, the working electrode surface was polished with abrasive paper (262x 
type for film sheets), flamed before each experiment and washed carefully with deionized 
water. After polishing, the electrode was ultrasonicated in deionized water for about 3 min 
immediately before use. The spacing between adjacent electrodes was set at 2.0 cm. The 
potential was scanned between -1.3 and 1 V, or -0.7 and 1 V (for optimal observation) and the 
sweep rate range were 5–150 mV/s at the beginning of experiments and 100 mV/s later.  

Characterization of emulsions 
The mean droplet diameter of the emulsions was measured using a dynamic light 

scattering instrument (Zetasizer Nano series-Zen3600, Malvern Instruments, Worcestershire, 
UK). To prevent multiple scattering effects the emulsions were diluted with buffer prior to the 
analysis, similar to the report described by Klinkesorn and Namatsila [34]. The droplet 
concentration of this secondary emulsion was approximately 0.05 wt%. We did not observe 
any changes in the stability of the dye oil-in-water emulsions upon dilution. A refractive index 
ratio of 1.08 was used in the calculations of the droplet diameter. All the emulsion particle 
size distributions were approximately log-normal and monomodal (data not shown). 

The microstructure of selected emulsions was determined either using an Olympus 
BX61 light microscope (Germany) equipped with view camera and analysis software (Soft 
Imaging System, Germany). 

Emulsion samples were measured for color in the L*, a*, b* and C*, hab coordinates 
(CIEL a*b* and CIECab*hab colour systems) using a spectrophotometer UV-VIS Double 
Beam PC 8 Auto Scanning cell UVD-3200, Lobomed, INC. CIE L*a*b*scale is 
recommended by Commission Internationale de l’Eclairage (CIE), were a* measures the 
redness when is positive, the grayness when zero, and the greenness when negative. On the 
other hand, b* measures the yellowness when is positive, the grayness when zero, and the 
blueness when negative. In this color space L* represents the lightness. Illumination was 
performed by D65 (standard illuminant defined by CIE with correlated colour temperature of 
approximately 6500), which is intended to represent average daylight and a visual angle of 
10° for colour interpretation (CIE [38]). Chroma values denote the saturation or purity of 
color. Hue angle values represent the degree of redness, yellowness, greenness and blueness. 

All experiments were carried out in at least duplicate using freshly prepared samples 
and the results were reported as the mean of these measurements. 
 
Results and discussion 
 

Emulsions stability 
When antioxidant activity in emulsions is evaluated, it is important to utilize model 

emulsions similar to those found in foods. So, O/W emulsions prepared with water, non-ionic 
surfactants, and sunflower oil as described above were investigated.  
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In order to interpret the results correctly, one has to take in account the stability of the 
chosen samples. According to Decker et al. [33], emulsions must be stable (e.g., resistant to 
creaming, flocculation, and/or coalescence) during the entire period of the oxidation study. 
After a long storage of the emulsion for six months there were no cream formations on the 
upper surface of emulsion.  

The droplet-size distribution is an important attribute to food emulsions, which 
influences its properties. The size of the emulsion droplet is not a major parameter in lipid 
oxidation rates (McCLEMENTS [39]). However, droplet size will affect the physical stability 
of the emulsion samples. Therefore, O/W emulsions with similar droplet sizes were prepared. 
The droplet diameters and type of the emulsions are shown in Table 1. 
Table 1. Mean droplet size on O/W emulsions with and without cochineal and fungal dyes during various 
storage times at 4 oC. 

Storage time 
(months) 

Emulsion particle size, d (nm) 
Without dye Cochineal dye Fungal dye 

i* 330.5±0.57 (b)** 190.4±0.37 (b) 207±0.15 (b) 
1 378.2±0.19 (b) 225±0.17 (b) 263.6±0.19 (b) 
2 395±0.27 (b) 225±0.17 (b) 273±0.26 (b) 
3 417±0.18 (b) 246.5±0.28 (b) 273±0.27 (b) 

*i-initial (after storage for 24 h) 
** b-bimodal distribution (results not shown) 

 
All emulsions made were stored at 4°C for three months and droplet size was 

measured in order to detect stability, since a major increase of droplet size will give an 
indication of coalescence and instability. The droplet size distributions and characteristics of 
the O/W emulsion no changes significantly during the storage of the emulsions. The initial 
mean droplet diameters of O/W emulsions with cochineal and fungal dye or without dye were 
190.4 nm, 207 nm and 330.5 nm, respectively.  

Initial droplet sizes increasing with storage time for over the entire range of emulsions 
tested. Initial droplet diameters for emulsions without dye increased with 15% approximately 
after one month of storage. The droplet diameter of emulsions with cochineal and fungal dye 
also increased (18% and 27%, respectively) during one month of storage. The droplet size of 
emulsions prepared with dye did not increase over the two or three months of storage; 
however, all emulsions had a bimodal distribution during the entire storage period. Large 
increases in droplet diameters for all emulsions were not observed at any storage period. 

This study has shown that stable O/W emulsions without dye or containing cochineal 
and fungal dye can be prepared using a simple method that utilizes standard preparation 
procedures (homogenization and ultrasonication). 

Usually the dye emulsions are observed and studied under the microscope 24 hours 
after their preparation. It is the ideal tool for the observation of dye dispersion as well as for 
early signs of instabilities. However, firstly the O/W emulsions were analyzed immediately 
after mixing (result not shown). An illustrative example of the microscopy images of the 
emulsion samples is given in figure 1. 
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(a) (b) 

 
(c) 

Fig. 1. Photomicrographs of oil-in-water emulsions with cochineal (a), fungal dye (b) and without dye (c) 
stabilized by non-ionic surfactant in 100 mM NaCl at pH 6.2 after storage at 4 oC for 24 hours. 

 
Cochineal emulsions showed a good physical stability in terms of size distribution by 

particle size analyzer and are chemically stable during storage for all storage period. The 
chemical stability was readily observable through the color of O/W emulsions (Table 2), 
which was not affected by storage time (difference by perceivable color was small 
differences, total color differences (FRANCIS [40]), TCD = ΔL2 + Δa2 +Δb2 < 1.5. The table 
2 show the results obtained for objective color evaluation carried out in CIE systems.  

 

Table 2. Evolution of color parameters during three months storage (illuminant: D65/10o) for dye emulsions. 

Cochineal emulsion 

Time 
(months) 

CIE L*a*b* CIE L*C*
abhab

 

L* a* b* L* Cab*(2) hab
(3) 

   i(1) 94.826    4.598   -2.354 94.826    5.165   332.887 
1 93.515    4.359   -1.779 93.515    4.708   337.800 
2 93.702    4.883   -1.482 93.702    5.103   343.118 
3 94.244    5.419   -3.337 94.244    6.364   328.375 

Fungal emulsion 

Time 
(months) 

CIE L*a*b* CIE L*C*
abhab

 

L* a* b* L* Cab* hab 

i 82.522    3.635    4.692 82.522     5.935    52.234 
1 83.637    2.268    5.202 83.637     5.674 66.443 
2 83.296    4.235    3.603 83.296     5.560    40.392 
3 83.664    4.372    2.086 83.664     4.844    25.510 

1i-initial (after 24 hours); 2Chroma (C) = [(a*)2 + (b*)2]1/2;  3Hue angle (hab) = tan-1 (b*/a*). 
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The L*, a*, and b* coordinate axis define the three dimensional CIE color space. Thus, 
if the L*, a*, and b* coordinates are known, then the color is not only described, but also 
located in space. The lightness values for both dyes were somewhat similar and varied in the 
range from 82.522 to 100. The b* values for the fungal and cochineal dye were found to be 
positive, ranging from 2.086 to 4.692, and negative, ranging from -1.482 to -3.337, while the 
a* values were only positive for both dyes with values ranging from 2.268 to 4.372, and from 
4.359 to 5.419, respectively. Also chroma, Cab* and hue angles, hab decreased or increased 
less between the initial value and that by the end of storage time (Table 2). 

On the other hand, results show that the fungal dye O/W emulsions present the higher 
TCD values, (differences comparing to reference values, initial time, respectively). So, these 
were emulsions that were more affected during storage. However, differences by perceivable 
colour were not classified as very distinct (in the case of the fungal dye, TCD < 3).  

In our study emulsion color modification showed a low difference when the emulsion 
were stored at 4°C for three months. These results indicate that color measurement is a good 
complementary method to evaluate the stability of dyes O/W emulsions. This conclusion is in 
accord to those reported by Silva et al. [24].  

Cyclic voltammogram in the sunflower oil-in-water emulsion 
The total antioxidant capacity of the O/W emulsion-based food products is a function 

combining two parameters. The first is the oxidation potentials, characterized by the E1/2 
value, which reflect the specific reducing power of a component (or components with similar 
potential). The second is the intensity of the anodic current (Ia), reflecting the concentration 
of the component(s). So, in the present work, cyclic voltammerty is used to compare O/W 
emulsions with and without antioxidant or dye on the basis of the determination of the peak 
potential, the peak current intensity, and the charge involved in the electro-oxidation process. 

Furthermore, in the case of fungal dye emulsion, that is not a pure substance, these 
methods evaluate the total antioxidant capacity of the sample, without the necessity of 
determining the antioxidant activity of each of its components. 

The idea is, of course, to work on a basis that can be used for further improvements of 
the methods for antioxidant activity determination. 

For this purpose cyclic voltammetry (CV) experiments for each sample of interest 
were performed. The effect of several parameters, such as the effect of the scan rate and 
potential, on the voltammetric response for continuous phases of the various emulsions 
determined using the platinum working electrodes was investigated. The effect of the scan 
rate on the voltammetric response for the oxidation of the samples using the platinum working 
electrodes was investigated in the range of 5-150 mV s-1. The anodic peak current varied 
gradually with the scan rate, there demonstrating that antioxidants and dyes oxidation was 
controlled by diffusion to the electrode surface. From the obtained experimental results 
(figure 2), a scan rate of 100 mV s-1 was chosen for solutions or emulsions further studies. 
Above this scan rate the oxidation-reduction process are less evidenced.  

Initial characterization of the samples under investigation was carried out by cyclic 
voltammetry on the working electrode in a NaCl 100 mM aqueous solution. The potential 
range was chosen according to the limits of the electroactivity domain of continuous phase of 
emulsions, in order to avoid the oxidation/reduction of water. The oxidation signal suggests 
the capacity of the medium to give electrons i.e., to scavenge reactive oxygen species by 
reducing them.  

All the experimental results are collected in Figure 2. Figure 2 also shows the 
irreversible voltammetric response for two of the phenolic antioxidants under investigation, 
namely, gallic acid and its water-soluble ester derivatives propyl gallate. These compounds 
were chosen on the basis of the data reported in our previous mentioned studies about 
presence of the phenolic acids in the fungal dye under study. 
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Fig. 2. Cyclic voltammograms obtained with platinum electrode introduced in sodium 

chloride solution (100 mM). Potential scan rate range: 5-100 mVs-1. 
Experiments were performed by introducing the working, counter, and reference 

electrodes directly into the emulsions. A constant volume (5 mL) of the samples was 
necessary, in order for the electrodes to be in contact with the emulsion. Figure 3 shows cyclic 
voltammograms obtained with a platinum electrode introduced directly into samples, e.g., 
sodium chloride solution (100 mM) containing hydrogen peroxide, 10-3 M or 50 µM solutions 
of the antioxidants and studied dyes. It is clear from this figure that the reduction process to 
be carried out close to -340 mV after the reaction between the oxidant and each of the 
antioxidants and dyes will not be affected by reduction of the products generated by oxidation 
of the antioxidants and dyes since those reductions will occur for potentials lower than 
approximately -500 mV.  

For these cyclic voltammograms, the anodic peak potentials were observed at -679.2 
mV (the first peak) and 722.7 mV (the second peak) for gallic acid, at -351.2 mV (the first 
peak) and 612 mV (the second peak) for propyl gallate (Figure 3b,c) and at -402.4 mV (the 
first peak) and 584 mV (the second peak) for cochineal dye and at -296.2 mV (the first peak) 
and 914.6 mV (the second peak) for fungal dye, respectively (Figure 3d,e).  

This behavior, which is in relation to their molecular structures, clearly indicates the 
importance of the hydroxyl substitute on the ring of the compounds analyzed for their 
electrochemical activity. The observed dye anodic peaks showed a shoulder in the potential 
region close to 1000 mV. Similarly, voltammograms obtained for the standard solutions of 
antioxidants (50 µM) also showed a shoulder in the potentials interval from 750 to 1000 mV. 
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Fig. 3. Cyclic voltammograms obtained with platinum electrode immersed in sodium chloride solution (100 
mM) containing H2O2, 10-3 M (a) and 50 µM solutions of the antioxidants and dyes: gallic acid (b), propyl 
gallate (c), cochineal (d) and fungal dye (e). Potential scan rate: 100 mV s-1. Chemical structures of standard 
compounds are presented. Also, the general structure for common food flavonoids is indicated; for most food 
flavonoids, R1, 2: H, OH, R3, 4: H, R5: OH and R6:H. R: COOH, OH. 
 

Figure 4(a) shows cyclic voltammograms performed with the same electrodes 
immersed into two samples, e.g., an oil-in-water emulsion (pH= 6.2) containing propyl gallate 
as antioxidant (solid line) and an emulsion antioxidant-free (dashed line).  

In both cases, the curve shows a conventional shape. In the case of the emulsion with 
antioxidant, a significant anodic current (135.55 µA) was recorded with a peak potential to 
683.37 mV. Comparatively, only a little amperometric response was obtained with the 
emulsion without antioxidant (a peak potential to 877.4 mV). Consequently, the difference 
can be attributed to the presence of antioxidant species in the oil-in-water emulsion.  
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Fig. 4. Cyclic voltammograms obtained with platinum electrode introduced into emulsions containing no dyes 
with and without propyl gallate (a) and emulsions containing cochineal and fungal dyes (b). Potential scan rate: 
100 mVs-1. 
 

The cyclic voltammograms obtained in the emulsion with propyl gallate (Figure 4, a - 
solid line) showed no cathodic current, except that corresponding to the reduction of water 
appearing at a potential below -50 mV. In contrast, the curve obtained in the case of emulsion 
without antioxidant (Figure 4, a - dashed line) revealed two cathodic peaks. An amperometric 
response was recorded with a half-wave potential near 155 mV, corresponding to the 
reduction of oxygen. 

These results confirm that cyclic voltammetry is an adequately method to determine 
directly the presence of antioxidant species in the oil-in-water emulsion and to evaluate its 
antioxidant properties without any pretreatment of the sample. 

On the other hand, figure 4(b) shows the voltammetric response for the dye emulsions 
under investigation. In this study, the antioxidant activity of cochineal emulsion and fungal 
emulsion was compared by cyclic voltammetry. The oxidation peaks of the cochineal 
emulsion were clearly observed, while the reduction peaks were small. The low oxidation 
potential value of 504 mV (Figure 4,b) for the O/W emulsion with cochineal confirmed that 
this dye is an efficient oxidative radical scavenger. This property, which is in relation with 
their molecular structure, clearly shows their good antioxidant property; the –OH groups 
present on the rings of the carmine acid (figure 3d) are mainly responsible for the first and 
second oxidation peak and its antioxidant capacity (COSIO et al. [10]). A lower antioxidant 
activity of the fungal emulsion compared to cochineal emulsion was noted in the present 
study. The activity of the fungal dye in the oil-in-water emulsion observed could be accounted 
for the presence of its components such as flavonoids that contributes to the total antioxidant 
activity of the dye. The oxidation peak (557.3 mV) is due to the –OH and =C=O groups. The 
oxidation peak at -261.7 mV of fungal emulsion is probably due to the formation of an 
intermediate radical produced during the oxidation process. 

Although the fungal emulsion components with antioxidant activity are able to 
produce variation in voltage titration the voltammetric response indicates the total antioxidant 
capacity. The observed peak is due to all antioxidant compounds present in fungal dye, 
probably due to their similar antioxidant activity. 

Although the nature and the physico-chemical properties of an oil-in-water emulsion 
and an electrolytic solution were quite different, comparison of potentials obtained in the two 
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media clearly demonstrated that antioxidant species like propyl gallate and gallic acid, or 
various dyes could be detected in emulsions by a simple electrochemical method. Cyclic 
voltammetry appeared therefore adequate to evaluate the antioxidant global capacity of 
emulsions with antioxidants or different dyes.  

The oxidation potential of the dye emulsions at pH 6.2 decreased in the order of fungal 
emulsion > cochineal emulsion > propyl gallate emulsion. This order is correlated to that of 
antioxidative activities of dye emulsions: the emulsion that has a low oxidation potential 
shows high-antioxidant activity. Consequently, the order of the antioxidant power resulted as 
follows: propyl gallate emulsion > cochineal emulsion > fungal emulsion, as was shown in 
Figures 4 (a, b). The antioxidant activities of cochineal and fungal emulsions under this assay 
are reported for the first time. 

Table 3 shows the electrochemical characteristics of cyclic voltammograms obtained 
in fungal emulsion by using various electrode materials: platinum and gold. The best results 
were obtained in our case with platinum electrode type. Not only the current peak was higher, 
but also the potential peak presented the lowest value. These indicate that the electron transfer 
kinetics between platinum and the electroactive species was faster. For both electrodes, the 
experiment was repeated at least three times. Between each measurement, the electrode 
surface was regenerated and a new volume of emulsion was used. The standard deviation for 
the peak current and peak potential is presented in table 3. 
Table 3. Influence of electrode type on anodic peak current intensity and potential of cyclic voltammogram 
obtained in fungal emulsion 

Electrode type ipeak (µA) Epeak (mV) 

Platinum 29.66 ± 0.12 557.3 ± 0.05 

Gold 5.63± 0.29 781.65 ± 0.08 
 
All these results consequently attest to the reliability of the cyclic voltammetric 

method. On the other hand, in order to simulate the action of a strong oxidant on the redox 
properties of the fungal emulsion different volumes of a hydrogen peroxide (H2O2) solution 
were added using a Hamilton microsyringe (Schöberl and Wiesner [41]). 

Figure 5 shows the evolution of the cyclic voltammogram recorded in the fungal 
emulsion as a function of the concentration of H2O2 added. Cyclic voltammograms were 
recorded immediately after H2O2 addition. When the concentration of H2O2 was less than 100 
µmol per gram of emulsion, the oxidation peak value of the cyclic voltammogram in the case 
of fungal emulsion was roughly unchanged. In this, the whole quantity of H2O2 was 
consumed by fungal dye as antioxidant. For concentrations of H2O2 ranging from 100 to 500 
µmol/g the anodic peak current at 245 mV gradually decreased indicating a consumption of 
the fungal dye as antioxidant. At the same time, a large cathodic peak appeared at a potential 
close to -368 mV. This new current cannot be attributed to the presence of an excess of H2O2 
in the fungal emulsion. This peak did not correspond to that recorded for the oxidation of 
H2O2 on a platinum electrode. Figure 3(a) clearly shows that H2O2 oxidation began at around 
- 52.3 mV.  
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Fig. 5. Cyclic voltammograms obtained with platinum electrode introduced into of fungal emulsion containing 
various amounts of H2O2 per gram of emulsion. Potential scan rate: 100 mVs-1.  

 
Finally, for concentrations of H2O2 more than 1000 µmol/g, the cyclic voltammogram 

of the fungal emulsion presented the electrochemical characteristics of H2O2, i.e., an anodic 
current with peak potential close to 225 mV and a cathodic wave appearing from -50 mV. The 
whole antioxidant species were then oxidized, and H2O2 was no longer consumed.  

All these results highlight the efficiency of fungal emulsion to scavenge significant 
amounts of H2O2 as a reactive oxygen species. So, this method is a way to measure 
quantitatively the amount of reduced species from emulsions that show efficient antioxidant 
activity, expressed by an equivalent of H2O2 added to consume them. 
 
Conclusions 
 

Preparation of a dye emulsion samples for cyclic voltammetry measurements is simple 
and rapid and does not require advanced procedures. Coalescence and aggregation of oil-in-
water emulsion droplets were not observed. Investigations on the physical stability of the food 
emulsions with and without dyes showed no change of droplet-size distribution and in color 
parameters in any of the model food systems after a storage time of three months. Also, 
comparison of the particle-size distributions showed no significant differences of the studied 
emulsions. 

Although some of the assumptions made regarding the redox radicals involved are still 
based on theoretical assumptions, the results presented in this work suggest that the proposed 
electrochemical method can be successfully employed for the direct, rapid, and reliable 
monitoring of the global antioxidant power of fungal dye emulsions. The proposed method is 
based only on the chemical–physical properties of the molecules and does not require the use 
of reactive species. The capability of the method to rapidly evaluate the global antioxidant 
activity could be useful for industry in the formulation of emulsion-based food products. 

The present work has demonstrated the efficacy of cochineal and fungal dye as 
antioxidants. The dye used to prepare food emulsions has at least two positive aspects: i) it 
colors the emulsion and the food products respectively, contributing to the stimulation of the 
feeding interest and to the beginning of some organic reactions which encourage food 
assimilation and ii) it actions like an antioxidant, limiting in this way the use of other 
antioxidants which are usually introduced in food products. 

The cyclic voltammetric technique made it also possible to highlight the evolution of 
the antioxidant capacity under oxidative stress.  
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Further research is needed to evaluate fungal dye antioxidative mechanisms to provide 
information that could be used to maximize the oxidative stability of food emulsions.  
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