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Abstract 
The vital role of anthocyanins in Hibiscus sabdariffa L. is now known to most 
consumers. The richness of anthocyanins in antioxidants, vitamin C, miner-
als, etc., provides Hibiscus juice with proven nutritional qualities. The health 
requirements of recent years have made food products with added preserva-
tives or processed at high temperatures less popular, thus explaining the new 
orientations towards innovative and interdisciplinary technologies. Antho-
cyanins from Hibiscus sabdariffa L. are, however, sensitive to degradation 
factors such as temperature, light, enzymes and also oxygen. The instability of 
anthocyanins has long been a subject of research using classic techniques 
such as heat treatment, the results of which are often limited by the rapid de-
gradation and above all the destruction of the nutritional and organoleptic 
qualities of the product. Oxygen dissolved in juices is so far treated by bub-
bling with an inert gas or by adding other molecules such as preservatives 
which can cause a lot of health damage. The electrochemical approach is a 
new stabilisation technique that reduces the dissolved oxygen in the juice, cold 
and without the addition of other molecules. The electrolysis of Hibiscus juice 
was carried out by noble electrodes (Platinum and Stainless Steel) with a well- 
characterised Time/Potential or Time/Intensity couple. The electroreduced 
samples and the control were then stored at 4˚C, 25˚C and 37˚C for more 
than 6 months. Monitoring of anthocyanins in the first month, of the samples 
and the control, showed a significant difference of 10% between the electro-
reduced extract and the untreated control at 37˚C, which had previously been 
problematic for the heat treatment and even for the other membrane tech-
niques. Oxygen reduction on the platinum electrode/ECS allowed the reten-
tion of more than 10% of anthocyanins after 4 weeks of storage at 25˚C and 
37˚C. At 4˚C, a significant difference of 5% between the electro-reduced Hi-
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biscus juice and the control was maintained until the fifth month of storage 
with the 1/5 ratio (calyx/water). Non-significant losses in anthocyanin (10 
mg/l), for the juice with reduced dissolved oxygen, were noted for the 1/5 and 
1/15 ratios during the first month of storage at 4˚C against 24 mg/l of signifi-
cant losses for the 1/20 ratio. However, the untreated control showed signifi-
cant losses for the ratios 1/20, 1/15 and 1/5. Oxygen dissolved in the juice 
therefore considerably degrades the anthocyanins of Hibiscus sabdariffa L. 
from the first month of storage at 4˚C. 
 

Keywords 
Monitoring, Anthocyanin, Colour, Oxygen, Stabilisation, Electrochemical 
Nafion Membrane, Ratio 

 

1. Introduction 

The richness of anthocyanins as an antioxidant [1] [2] and their numerous health 
benefits [1]-[7] explain the multiple research themes that exist around the sub-
ject [1] [8] [9] [10].  

Anthocyanins are the most important group of water-soluble natural pigments. 
They are polyphenols of the flavonoid family, which are secondary metabolites 
synthesised by plants. Anthocyanins are a heterogeneous group of molecules 
ranging from pink, red, purple to dark blue in a wide variety of vegetables and 
fruits [11]. 

However, the instability of anthocyanins to temperature, light, pH, oxygen [12] 
and other factors remains problematic. 

Food preservation processes usually involve the use of high temperature heat 
treatment (60˚C to 150˚C), in order to effectively preserve the food. However, 
heat treatment has a negative influence on the stability of anthocyanins [13]. 

The requirements of the joint programme of the World Health Organisation 
(WHO) and the Food and Agriculture Organisation (FAO) in the new food co-
dex [14] [15] for quality foods respect the nutritional properties of the product 
direct research towards new stabilisation techniques. 

The negative impact of oxygen on anthocyanins has been shown by several 
authors. 

The degrading effect of oxygen on the chemical and sensory evolution of red 
wine was characterised by Laurent PECHAMAT [16]. In his results, he showed a 
decrease in total anthocyanin content as a function of time, as well as a degrada-
tion of sensory qualities. 

The effect of the stopper on the evolution of the sensory quality of the wine 
was also characterised by Maria Adelaine Monteiro de Araujo Silva [17] in her 
thesis work. These studies revealed an evolution in the composition of wines 
with a significant decrease in the concentrations of certain compounds such as 
anthocyanins such as malvidin and cyanidin, which decreased by 60%, as well as 
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20% of flavanols. 
The elimination of dissolved oxygen in the food was achieved by the joint use 

of enzymes. Prieels Jean Paul et al. [18] described in their patent a procedure to 
prevent the auto-oxidation of food substances that can be degraded by oxidation 
with molecular and/or radical oxygen by adding an enzymatic composition com-
prising an oxidase: catalase and super oxide dismutase, chemical stabilisers but 
also by bubbling with an inert gas. 

Sugawara et al. [19] also in their patented invention improved the taste, fla-
vour and physicochemical properties of milk by removing ions from the milk 
and reducing the concentration of dissolved oxygen in the milk followed by heat 
treatment. 

The electrochemical approach has already been used for the reduction of dis-
solved oxygen in seawater [20] but not for the preservation of juice to our know-
ledge.  

Our objective is to characterise juices electrochemically and stabilise them, with- 
out adding food or using inert gas, while preserving the nutritional and organo-
leptic qualities of the product.  

The monitoring of anthocyanins and colour, after storage for several months 
at different temperatures, showed the effect of the treatment on the juice of Hi-
biscus sabdariffa L.  

The reduction of oxygen in juices by electrochemical means could thus be an 
alternative to bubbling and other classic techniques for stabilising food products. 

2. Material and Methods 

The plant material is the extract of Hibiscus sabdariffa L. (Figure 1). 
The electrochemical measurements carried out in this work use a potentios-

tatic set-up with three electrodes. It comprises a platinum working electrode, the 
site of the electrochemical reactions studied, a stainless steel auxiliary electrode 
which closes the electrical circuit and a saturated calomel reference electrode, 
which makes it possible to control and measure the potential of the working 
electrode at each moment. The system used is a potentiostat connected to a com-
puter equipped with cyclic voltammetry software (Figure 2). 

The electrochemical cell is a Plexiglas electrolysis cell with two compartments 
separated by a cationic nafion membrane (Figure 3). On one side of the mem-
brane, Hibiscus juice is in contact with a platinum cathode and on the other side, 
0.1M hydrochloric acid (HCl) is in contact with a stainless steel anode. 

2.1. Electroreduction of Bissap 

The potential difference applied between the two electrodes, anode and cathode, 
is produced by an electric current generator, in potentiostatic mode, connected 
to a PGZ 100 potentiostat which fixes the potential between the cathode and the 
reference electrode. The applied electrolysis potentials are fixed in relation to 
this reference (Figure 4). 

https://doi.org/10.4236/fns.2021.1211079


K. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2021.1211079 1076 Food and Nutrition Sciences 
 

 
Figure 1. Extracts of Hibiscus sabdariffa L. 

 

 
Figure 2. Electrochemical device for the electroreduction of Hibiscus sabdariffa juice. 
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Figure 3. Electrolysis cell with two compartments separated by (a) a dark nafion cation 
membrane (b) a transparent nafion cation membrane. 
 

 
Figure 4. Three-electrode set-up. (a) Saturated Calomel reference electrode, (b) Platinum 
working electrode, (c) Stainless steel.  
 

The treatment was carried out on bissap juice placed in the cathode compart-
ment using an equivalent volume of hydrochloric acid in the anode compart-
ment. The current intensities applied and the duration of the treatment were de-
termined following the voltammetric study in our first article (Ndiaye Khady et 
al.) [21]. 

The potential scan was performed between −0.5 V and 1.5 V/ECS at a rate of 
100 mV/s.  

At the cathode, oxygen is reduced on the platinum electrode according to the 
acid reaction: 

(a)                                                                      (b)
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2 2O 4H 4e 2H O+ −+ + →                      (1) 

The reduction of one oxygen molecule into two water molecules on the plati-
num electrode is done in particular according to a 4-electron process (Nathalie 
BOZEC) [20]. Platinum is not affected by oxygen or water and is only soluble in 
aqua regia or molten alkali. It is satin-like, ductile and malleable. 

At the end of each electrolysis, the treated product is placed in small bottles 
wrapped in aluminium foil (Figure 1) for storage at 4˚C, 25˚C and 37˚C. An-
thocyanins and colour were monitored every month. 

2.2. Determination of Anthocyanins 

The determination was carried out on Hibiscus sabdariffa extract. 
The principle is based on the modification of anthocyanin coloration as a 

function of pH (pH-differential method) [22]. 
After dilution of the calyx extract in two buffer solutions at pH = 1.0 and pH = 

4.5, the absorbance is measured at 510 and 700 nm, the values read at the two 
wavelengths for each solution are used to calculate the anthocyanin concentra-
tion by the following formula 

1000m dP F A
Ca

ε
∗ ∗ ∗

=                       (2)  

Ca: anthocyanin concentration in mg/L. 
Pm: molecular weight of the anthocyanin. In this case, 
Ca is expressed in relation to Delphinidin Sambubioside, which is the majority 

anthocyanin in the calyxes of Hibiscus sabdariffa L. Its molecular weight is 597 
g/mol. 

ε: molecular extinction coefficient and is equal to 26,000 L·mol−1·Cm−1. 
Fd: dilution factor  
A: absorbance, calculated using the formula:  

( ) ( )1 2 3 4 A A A A A= − − −  

A1 = absorbance measured at pH 1 at 510 nm. 
A2 = absorbance measured at pH 1 at 700 nm.  
A3 = absorbance measured at pH 4.5 at 510 nm. 
A4 = absorbance measured at pH 4.5 at 700 nm.  

2.3. Colour Indices 

The evaluation of the colour of Hibiscus sabdariffa L. extract is carried out by 
measuring colour indices of the 1% extract solution at pH = 3 in a 1 cm, at wa-
velengths of 430, 520, 580 nm. The extracts are diluted with a buffer solution pH 
= 3. 

An increase in the colour indices leads to a browning of the extract and thus 
destroys the visual quality of the product.  

The colour indices allow the quality of the dye to be assessed as well as its 
shade orhue. The tonality of a dye can be quantified by two indices: the brown 

https://doi.org/10.4236/fns.2021.1211079


K. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2021.1211079 1079 Food and Nutrition Sciences 
 

index (BI) and the violet index (IV). 
The brown index represents the proportion of the yellow colour to the red 

colour. It is calculated by: IB = A430 nm/A520 nm. 
The violet index represents the proportion of the blue colour to the red co-

lour. It is calculated by: IV = A580 nm/A520 nm. 

2.4. Reading the Colour 

The measurements were carried out with a Minolta CR-5 colorimeter which 
gives the 3 coordinates L*, a* and b* directly. The colour of a juice can be defined 
by three specific attributes or qualities of visual sensation: its hue, its brightness 
and its chromaticity. 

The most characteristic hue is the colour itself: red, yellow, green or blue. 
Luminosity is the attribute of visual sensation by which a juice appears more 

or less brightness. The chromatic characteristics of a juice are defined by the co-
lorimetric coordinates corresponding to lightness (L*), red/green colour compo-
nent (a*) yellow/blue colour component (b*), and by the derived quantities, 
namely chroma (C*), tone (H*) and chromaticity (a*, b*) or (C*, H*). In other 
words, this colour system or CIELab space is based on a Cartesian sequential or 
continuous representation on 3 orthogonal axes L*, a*and b*. The L* coordinate 
designates the lightness (L* = 0 black and L* = 100 colourless), a* designates the 
red/green colour component (a*) and b* designates the red/green colour compo-
nent (b*). (a* > 0 red, a* < 0 green) and b* the yellow/blue colour component (b* > 
0 yellow, b* < 0 blue). 

3. Results and Discussion 

The experimental results are presented in this section with significance tests. 
The analyses of variance (ANOVA) were performed with STATISTICA 7.1 

software and significance is represented by superscript and lower case letters. 
Identical superscripts on a result mean that there is no significant difference and 
when the superscripts are different, the difference is significant. 

This is a one-factor analysis of variance (ANOVA), Fisher LSD test, homoge-
neous groups alpha = 0.05 inter error term, significance level 0.05. 

The monitoring of anthocyanins and colour was carried out on three ratios 
(Calyxes/Water): Ratio 1/20; Ratio 1/15; Ratio 1/5. 

1) Chronoamperometry of Hibiscus sabdariffa juice: electrolysis cell of 
dimensions (L = 19 cm; w = 10 cm; h = 11 cm), dark membrane 

The electroreduction of 500 ml of Hibiscus sabdariffa juice with a potential/ 
treatment time of −350mV/30mn, the calyx/water ratio was 1/20. 

a) Monitoring of anthocyanins 
After electroreduction of the Hibiscus sabdariffa juice, the sample was placed 

in small flasks and stored at 4˚C, 25˚C and 37˚C. 
Every month, the anthocyanins of the treated extract are monitored with the 

potential of the reduction peak (−350 mV) for 30 minutes and the control (un-
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treated extract) at the three temperatures. 
The results obtained are presented in Figure 5 below. 
Figure 5 shows the monitoring of anthocyanins in electro-reduced (Sample) 

and untreated (Control) extracts after 1, 3 and 8 months of storage at 4˚C, 25˚C 
and 37˚C. 

The results show a significant difference between the sample and the control 
at the first month at 25˚C and 37˚C. However, there is no significant difference 
between the sample and the control at the third and eighth month for the Hi-
biscus extract of ratio 1/20. 

The largest difference between the sample and the control was noted in the 
first month at 25˚C (14%) and at 37˚C (12%).  

This result can be explained by the fact that most of the dissolved oxygen in 
the non-electroreduced extract reacts to form colourless products and that these 
reactions are catalysed by a certain temperature (25˚C, 37˚C). 

However, at 4˚C the difference between the sample and the control remained 
almost constant (2%) throughout the monitoring. It seems that dissolved oxygen 
in Hibiscus juice of ratio 1/20 has no effect on anthocyanins at this temperature. 

b) Colour monitoring 
The colour of the electrochemically treated extract with a peak reduction po-

tential/treatment time of −350 mV/30min and the untreated extract (control) 
was also monitored after storage at 4˚C, 25˚C and 37˚C. 

The colorimetric coordinate corresponding to the red/green component (a*) 
only is presented. 

The results obtained are shown in the following Table 1. 
Table 1 shows the results of monitoring the red colour (a*) of Hibiscus juice 

with dissolved oxygen reduced on a platinum/ECS electrode (Sample) and 
non-electro-reduced Hibiscus extract (Control) after 8 months of storage at 4˚C, 
25˚C and 37˚C. 

 

 
Figure 5. Monitoring of anthocyanins in the electrochemically treated extract (Sample) and the un-
treated extract (Control) after storage at 4˚C, 25˚C and 37˚C. 
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Table 1. Red/green colour component (a*) of electro-reduced (sample) and untreated 
(control) juice stored at 4˚C, 25˚C and 37˚C. 

 Red/green component a* 

  1 month 3 months 8 months 

4˚C Sample 56.14a 55.38c 54.47b 

 Control 56.11a 55.07d 54.44b 

25˚C Sample 56.06a 54.79c 52.72e 

 Control 55.52b 53.75d 51.83f 

37˚C Sample 55.12a 54.61c 50.51e 

 Control 52.6b 51.73d 50.49e 

 
The results corroborate those obtained with the monitoring of anthocyanins. 

Indeed, after one month of storage at 25˚C and 37˚C, there were significant 
losses of red colour in the untreated extract (Control) (55.52 at 25˚C and 52.6 at 
37˚C) compared with the treated extract, which retained its red colour better, as 
shown by the values of the red coordinate a* (56.06 at 25˚C and 55.12 at 37˚C), 
whereas at 4˚C the difference was not significant.  

In the third month at all temperatures, the difference in red colour between 
the sample and the control is significant, unlike in the eighth month when the 
sample and the control do not show a significant difference. 

These colour results confirm the degrading effect of dissolved oxygen in the 
Hibiscus juice in the first three months at 4˚C, 25˚C and 37˚C. 

2) Chronoamperometry of Hibiscus sabdariffa extract: electrolysis cell 
with dimensions (L = 8; w = 7; h = 8.5 cm), transparent membrane 

a) Monitoring of anthocyanins 
The reproducibility of scientific results is one of the requirements of research. 
In order to confirm the results on the electrochemical stabilisation of antho-

cyanins, we used another (transparent) membrane. 
The treatment was carried out in a small electrolysis cell with a peak poten-

tial/treatment time of −250 mV/15mn. The ratio used was 1/15. 
The conservation lasted 6 months at 4˚C and 37˚C. 
The following Figure 6 shows the results obtained. 
Figure 6 shows the concentration of anthocyanins in Hibiscus sabdariffa ex-

tract with oxygen reduction on a platinum/ECS electrode (Sample) and the non- 
electro-reduced extract (Control) after 1 and 6 months of storage at 4˚C and 
37˚C. 

The results show a significant difference between the electrochemically treated 
juice with a potential/time couple of −250 mV/15mn (Sample) and the untreated 
juice (Control) at the first and sixth month of storage at 4˚C and 37˚C. 

The difference in anthocyanin concentration between the sample and the 
control is 7% and 4% respectively after 1 month and 6 months of storage at 4˚C. 
At 37˚C, the difference between the sample and the control is 5% at the first 
month and 3% at the sixth month of storage. 
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Figure 6. Monitoring of anthocyanins in the electrochemically treated extract (Sample) 
and the untreated extract (Control) after 6 months of storage at 4˚C and 37˚C. 

 
The effect of dissolved oxygen in the Hibiscus juice (ratio 1/15) is therefore 

significant at 4˚C. This could be explained by the fact that the electrolysis was 
performed in a small cell (Figure 3(b)) and that the experiment is an electron 
transfer. 

We also noticed a slower degradation of the extracts after the first month of 
storage compared to the initial concentration: initial concentration (413.31 mg/l) 
and sample concentration after 4 weeks of storage at 4˚C (399.07), i.e. a differ-
ence of 13 mg/l for the 1/15 ratio, whereas for the 1/20 ratio there was a differ-
ence of 24 mg/l between the initial concentration and the sample for the same 
storage time at the same temperature, thus confirming Mady Cisse’s work [13]. 

b) Monitoring of colour 
The following Table 2 presents the monitoring of the red/green component a* 

of the sample and the control after storage at 4˚C and 37˚C. 
The results on colour corroborate those on anthocyanins. 
The red colour component of the electro-reduced juice is significantly differ-

ent from the control at 4˚C and 37˚C after 1 month and 6 months of storage. 
3) Chronoamperometry and Chronopotentiometry of Hibiscus sabdariffa 

juice 
Chronoamperometry consists in treating the solution with the potential cor-

responding to the reduction peak during a well-defined treatment time, the in-
tensity remaining constant. Whereas chronopotentiometry translates a treat-
ment of the juice by the intensity of the reduction peak predefined at a well given 
time with constant potential. 

a) Monitoring of anthocyanin concentration 
The electrochemical treatment of Hibiscus juice was first carried out with a 

potential of the reduction peak/treatment time of −125 mV/30mn, i.e. the chro-
noamperometry method. Then a treatment by chronopotentiometry with an in-
tensity of the reduction peak/treatment time of −5 mA/30mn. The ratio used is 
1/5, based on the work of M. CISSE [13]. The electrolysis of the juice was done 
with the small cell (Figure 3(b)). 
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Table 2. Red/green colour component (a*) of electro-reduced (sample) and non-electro- 
reduced (control) juice stored at 4˚C, 25˚C and 37˚C. 

 Red/green component a* 

  1 month 6 months 

4˚C Sample 50.09a 48.63b 

 Control 49.39b 47.53c 

37˚C Sample 48.56a 45.36c 

 Control 47.96b 44.18d 

 
The results obtained are shown in the following Figure 7. 
The results showed that there was no significant difference between the two 

methods: chronopotentiometry and chronoamperometry. 
The significant difference was noted in the first month at all temperatures (4˚C, 

30˚C and 37˚C). A significant difference of 6% at 30˚C and 10% at 37˚C was 
noted between the sample and the control at the first month. 

At 4˚C, a significant difference of about 5% was noted until the fifth month, 
whereas at 30˚C and 37˚C, there was no significant difference between the sam-
ple and the control at the fourth and fifth month of storage: the temperature factor 
predominates over the oxygen factor.  

According to the results of the experiment, the two methods—chronoampe- 
rometry illustrated by sample 1 (−125 mV/30mn) and chronopotentiometry 
corresponding to sample 2 (−5 mA/30mn) are equivalent. In fact, apart from a 
few differences between the two samples, which are certainly due to the instabil-
ity of anthocyanins in general, the two methods make it possible to reduce the 
oxygen dissolved in water, thus allowing a certain stability of anthocyanins dur-
ing storage. 

The experiment confirms the predominance of temperature over the other 
factors (more than 88% loss at 37˚C after 5 months of storage). 

b) Monitoring of colour indices  
Colour indices are one of the techniques used to characterise the colour of a 

product. Indeed, the higher the index, the more the product deteriorates, espe-
cially if it turns brown. We have the brown index (BI) which is the proportion of 
the yellow colour to the red colour (yellow/red) and the violet index (PI) which 
translates the ratio between the blue colour and the red colour (blue/red). 

The results of the monitoring of the brown index and the violet index are rec-
orded in the following Table 3 & Table 4.  

The yellow/red (BI) colour ratio showed no significant difference between the 
sample and the control at the first month at 4˚C. The Hibiscus juice did not turn 
brown after 5 months of storage at 4˚C. Thus, it can be said that dissolved oxy-
gen does not brown the Hibiscus juice at 4˚C during the first five months of sto-
rage. 

At 25˚C, the sample and the control do not show any significant difference but 
the product browns significantly between the first and fourth month of storage.  
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Figure 7. Monitoring of electroreduced anthocyanins and the control, stored at 4˚C, 30˚C and 37˚C for 5 
months, of the extract treated by chronoamperometry −250 mV/30mn (sample1), of the extract treated 
by chronopotentiometry −5 mA/30mn (sample2) and of the untreated extract (control). 

 
Table 3. Monitoring of the brown index (Yellow/Red colour ratio) of samples treated 
with a potential/time pair E1 (−125 mV/30mn) and a current/time pair E2 (−5 mA/30mn) 
and the untreated control stored at 4˚C, 30˚C and 37˚C for 5 months. 

 Colour ratio Yellow/Red (BI) 

  1 month 4 months 5 months 

4˚C 
Sample1 
Sample2 
Control 

0.62a 
0.59a 
0.62a 

0.63a 
0.63a 
0.63a 

0.63a 
0.62a 
0.65a 

25˚C 
Sample1 
Sample2 
Control 

0.6a 
0.63a 
0.64a 

0.79b 
0.77b 
0.81b 

 

37˚C 
Sample1 
Sample2 
Control 

0.72a 
0.72a 
0.77b 

1.03c 
1.03c 
1.02c 

1.05c 
1.04c 
1.14d 

 
However, at 37˚C, there is a significant difference between the sample and the 
control and the juice also browns significantly between the first and fourth month. 

From these results on the brown index, it seems that the degrading effect of 
oxygen in Hibiscus sabdariffa juice is catalysed by a certain temperature (37˚C). 

The results of Table 4 on the violet index corroborate those obtained with the 
monitoring of the brown index. Indeed, the indices increase with time and tem-
perature, which translates into a browning of the product.  

The colour indices also show that the two methods, chronoamperometry for 
sample1 (S1) and chronopotentiometry for sample2 (S2) are equivalent. The juice 
treated with one of the previous methods (Chronoamperometry or Chronopo-
tentiometry) presents smaller indices significantly different from those of the 
control at 37˚C. 
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Table 4. Monitoring of the violet index (Blue/Red colour ratio) of samples treated with a 
La Figure 7 présente les suivis de la concentration des anthocyanes de l’extrait électro 
réduit et du témoin au bout de 5 mois de stockage à 4˚C, 30˚C et 37˚C. 

 Colour ratio Bleu/Red (PI) 

  1 month 4 months 5 months 

4˚C 
Sample1 
Sample2 
Control 

0.28a 
0.28a 
0.29a 

0.32b 
0.33b 
0.33b 

0.33b 
0.32b 
0.33b 

25˚C 
Sample1 
Sample2 
Control 

0.33b 
0.36a 
0.35ab 

0.45c 

0.48c 

0.47c 

 

37˚C 
Sample1 
Sample2 
Control 

0.43a 
0.44a 
0.48b 

0.61c 
0.61c 
0.61c 

0.59c 
0.6c 

0.64d 

4. Conclusions 

Generally speaking, the monitoring of anthocyanins and colour clearly showed 
that the electrochemical approach contributes to better conservation of antho-
cyanins in Hibiscus sabdariffa L. 

Furthermore, the imposition of the intensity of the reduction peak for a spe-
cific time is equivalent to the application of the peak potential for the same dura-
tion. Both methods allow a reduction of dissolved oxygen for a better preserva-
tion of the juice with a considerable difference of more than 10% at 25˚C and 
37˚C between the sample and the control. 

The electrochemical reduction of dissolved oxygen in Hibiscus sabdariffa L. 
juice is significant for the ratios 1/5 and 1/15, with a notable reduction in antho-
cyanin losses of 5% constant from the first to the fifth month of storage at 4˚C.  

The red colour coordinate a* as well as the brown and violet colour indices 
corroborated the results on anthocyanin monitoring. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Galvão Maciel, L., et al. (2018) Hibiscus sabdariff Anthocyanins-Rich Extract: Chemi-

cal Stability, in Vitro Antioxidant and Antiproliferative Activities. Food and Chem-
ical Toxicology, 113, 187-197. https://doi.org/10.1016/j.fct.2018.01.053 

[2] Da-Costa-Rocha, I., Bonnlaender, B., Sievers, H., Pischel, I. and Heinrich, M. (2014) 
Hibiscus sabdariffa L.—A Phytochemical and Pharmacological Review. Food Che-
mistry, 165, 424-443. https://doi.org/10.1016/j.foodchem.2014.05.002 

[3] Li, D., Wang, P., Luo, Y., Zhao, M. and Chen, F. (2017) Health Benefits of Antho-
cyanins and Molecular Mechanisms: Update from Recent Decade. Critical Reviews 
in Food Science and Nutrition, 57, 1729-1741.  

https://doi.org/10.4236/fns.2021.1211079
https://doi.org/10.1016/j.fct.2018.01.053
https://doi.org/10.1016/j.foodchem.2014.05.002


K. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2021.1211079 1086 Food and Nutrition Sciences 
 

https://doi.org/10.1080/10408398.2015.1030064 

[4] Puro, K., Sunjukta, R., Samir, S., Ghatak, S., Shakuntala, I. and Sen, A. (2014) Medi-
cinal Uses of Roselle Plant (Hibiscus sabdariffa L.): A Mini Review. Indian Journal 
of Hill Farming, 27, 47-51. 

[5] Fernandes, A., et al. (2018) Blackberry Anthocyanins: β-Cyclodextrin Fortification 
for Thermal and Gastrointestinal Stabilization. Food Chemistry, 245, 426-431.  
https://doi.org/10.1016/j.foodchem.2017.10.109 

[6] Pérez-Ramírez, I.F., Castaño-Tostado, E., León, J.A.R., Rocha-Guzmán, N.E. and 
Reynoso-Camacho, R. (2015) Effect of Stevia and Citric acid on the Stability of Phe-
nolic Compounds and in Vitro Antioxidant and Antidiabetic Capacity of a Roselle 
(Hibiscus sabdariffa L.) Beverage. Food Chemistry, 172, 885-892.  
https://doi.org/10.1016/j.foodchem.2014.09.126 

[7] Alonso-Villaverde, C., Aragon, G., Beltr, R. and Fern, A. (2010) The Aqueous Ex-
tract of Hibiscus sabdariffa Calices Modulates the Production of Monocyte Che-
moattractant Protein-1 in Humans. Phytomedicine, 17, 186-191.  
https://doi.org/10.1016/j.phymed.2009.08.006 

[8] Cissé, M., et al. (2011) Athermal Concentration by Osmotic Evaporation of Roselle 
Extract, Apple and Grape Juices and Impact on Quality. Innovative Food Science & 
Emerging Technologies, 12, 352-360. https://doi.org/10.1016/j.ifset.2011.02.009 

[9] Cissé, M., et al. (2017) Etude de la stabilité des anthocyanes d’ Hibiscus sabdariffa L. 
par incorporation de différents extraits végétaux. Journal de la Société Ouest-Afri- 
caine de Chimie, 44, 1-6. 

[10] Cissé, M., Vaillant, F., Soro, D., Reynes, M. and Dornier, M. (2011) Crossflow Mi-
crofiltration for the Cold Stabilization of Roselle (Hibiscus sabdariffa L.) Extract. 
Journal of Food Engineering, 106, 20-27.  
https://doi.org/10.1016/j.jfoodeng.2011.04.001 

[11] Isse, M.C., Ornier, M.D., Akho, M.S., Diaye, A.N., Eynes, M.R. and Ock, O.S. (2009) 
Le bissap (Hibiscus sabdariffa L.): Composition et principales utilisations. Fruits, 
64, 179-193. https://doi.org/10.1051/fruits/2009013 

[12] Meyer, M.X. and Dangles, M.O. (2011) Institut des régions chaudes Titre Impact 
des opérations thermiques agroalimentaires à hautes températures sur la dégrada-
tion des anthocyanes: Caractérisation et modélisation des cinétiques réactionnelles.  

[13] Cisse, M., Belleville, M.M. and Dornier, M. (2010) Couplage de procédés membra-
naires pour la production d’ extraits anthocyaniques: Application à Hibiscus sabda-
riffa.  

[14] Organisation Mondiale de la Sante (2018) Securite alimentaire et de la nutrition 
dans le monde.  

[15] Rapport, FAO/OMS (2019) Programme mixte sur les normes alimentaires commis-
sion du codex alimentarius. 8-12. 

[16] Pechamat, L., et al. (2020) Impact of Acidity and Oxygen Concentrations on Chem-
ical Evolution and Pigment Formation in Merlot Red Wine to Cite This Version: 
HAL Id: hal 02795334. 

[17] Silva, M.A.M.A. (2011) Effet de l’obturateur sur l’evolutionde la qualite sensorielle 
du vin. Universite Victor Segalen Bordeaux. 

[18] Prieels, et al. (1986) Procede pour eliminer l’oxygene dans les aliments et les bois-
sons, et composes enzymatiques utilises a cet effet. Office europeen des brevets, 
0207 039 A1.  

[19] Sugawara, S., et al. (2009) Milk Material with Good Flavor and Physico-Chemical 

https://doi.org/10.4236/fns.2021.1211079
https://doi.org/10.1080/10408398.2015.1030064
https://doi.org/10.1016/j.foodchem.2017.10.109
https://doi.org/10.1016/j.foodchem.2014.09.126
https://doi.org/10.1016/j.phymed.2009.08.006
https://doi.org/10.1016/j.ifset.2011.02.009
https://doi.org/10.1016/j.jfoodeng.2011.04.001
https://doi.org/10.1051/fruits/2009013


K. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2021.1211079 1087 Food and Nutrition Sciences 
 

Properties and Process of Producing the Same. United States, Vol. 1, No. 19. 

[20] Bozec, N.L.E. (2000) Reaction de reduction de l'oxygene sur les aciers inoxydables 
en eau de mer naturelle. Influence du biofilm sur les processus de corrosion.  

[21] Khady, N., Cheikhou, K., Nicolas, A., Mady, C. and Mar, D.C. (2021) Characterisa-
tion of Electrochemical Parameters for the Stabilisation of Anthocyanins from Hi-
biscus sabdarrifa L. American Journal of Food Science and Technology, 9, 125-133. 

[22] Wrolstad, R.E., Durst, W. and Lee, J. (2005) Tracking Color and Pigment Changes 
in Anthocyanin Products. Trends in Food Science & Technology, 16, 423-428.  
https://doi.org/10.1016/j.tifs.2005.03.019 

 
 
 
 
 
 

https://doi.org/10.4236/fns.2021.1211079
https://doi.org/10.1016/j.tifs.2005.03.019

	Monitoring of Anthocyanins and Colour in Electrochemically Processed Hibiscus sabdariffa Juice
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Electroreduction of Bissap
	2.2. Determination of Anthocyanins
	2.3. Colour Indices
	2.4. Reading the Colour

	3. Results and Discussion
	4. Conclusions
	Conflicts of Interest
	References

