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Evaluation of anthocyanin stability during storage of a coloured drink made from
extracts of the Andean blackberry (Rubus glaucus Benth.), açai (Euterpe oleracea
Mart.) and black carrot (Daucus carota L.).

Abstract – Introduction. The effect of temperature on the stability of three purified anthocyanin 
sources in a soft drink (pH 3, 10 °Brix) stored at (4, 20, 30 and 50) °C for 60 days was investigated. 
Materials and methods. Anthocyanins from Andean blackberries (Rubus glaucus Benth.), açai 
(Euterpe oleracea Mart.) and black carrot (Daucus carota L.) were purified and concentrated on a lab-
oratory scale by adsorption to a styrene divinylbenzene copolymer. Two classical empirical 
approaches (Arrhenius and Ball models) were used to describe the thermal degradation kinetic of 
these three anthocyanins. Results. No degradation was detected during the refrigerated storage 
(4 °C). At all temperatures, the degradation rate constant (k) for black carrot anthocyanins was less 
than those in açai and blackberry (0.42 × 10–2, 0.77 × 10–2 and 1.08 × 10–2)·d–1, respectively, at 30 °C). 
Anthocyanins in black carrot degraded less rapidly than those in açai and Andean blackberry. The 
activation energy (Ea) for degradation of black carrot anthocyanins was (63.2 ± 4.3) kJ·mol–1, and 
(66.3 ± 2.7) kJ·mol–1 and (91.2 ± 0.4) kJ·mol–1 for açai and blackberry anthocyanins, respectively, at 
20–50 °C. These higher Ea of blackberry anthocyanins as compared with those of black carrot and 
açai imply that a small temperature increase is sufficient to degrade them more rapidly. Conclusion. 
Our results clearly showed that anthocyanins from black carrot have a good stability during thermal 
storage (4 °C to 50 °C) with regard to blackberry and açai anthocyanins. Acylation of black carrot 
anthocyanins probably explains their greater stability. Acylated anthocyanins have shown to be 
promising alternatives to the use of synthetic dyes in drink systems.

France / Rubus glaucus / Euterpe oleracea / Daucus carota / fruits / soft drinks /
plant extracts / storage / anthocyanins / degradation

Évaluation de la stabilité des anthocyanes au cours du stockage d'une boisson
colorée par des extraits de mûres andines (Rubus glaucus Benth.), d'açaï (Euterpe
oleracea Mart.) et de carottes noires (Daucus carota L.).

Résumé – Introduction. Nous avons étudié l’effet de la température sur la stabilité de trois sources 
d’anthocyanes purifiées, dans une boisson gazeuse (pH 3, 10 °Brix) stockées à (4, 20, 30, 50) °C pen-
dant 60 jours. Matériel et méthodes. Des anthocyanes de mûre andine, d’açaï et de carotte noire 
ont été purifiées et concentrées en laboratoire par adsorption sur un copolymère de styrène divinyl-
benzène. Deux approches empiriques classiques (modèles d’Arrhenius et de Ball) ont été utilisées 
pour décrire la cinétique de dégradation thermique de ces trois anthocyanes. Résultats. Aucune 
dégradation n’a été détectée au cours du stockage réfrigéré (4 °C). A toutes les températures, la 
constante de la vitesse de dégradation (k) pour les anthocyanes de la carotte noire a été inférieure 
à celle de l’açaï et de la mûre (0,42 × 10–2, 0,77 × 10–2 et 1,08 × 10–2)·jour–1, respectivement, à 30 °C. 
Les anthocyanes de la carotte noire se sont dégradées moins rapidement que celles de l’acaï et de 
la mûre andine. À 20–50 °C, l’énergie d’activation (Ea) a été de (63,2 ± 4.3) kJ·mol–1 pour la dégra-
dation des anthocyanes de la carotte noire, de (66,3 ± 2.7) kJ·mol–1 pour l’acaï et de 
(91,2 ± 0.4) kJ·mol–1 pour la mûre. Cette énergie d’activation Ea des anthocyanes de la mûre, supé-
rieure à celle de la carotte noire et de l’açaï, implique qu’une faible augmentation de température est 
suffisante pour dégrader ces anthocyanes plus rapidement. Conclusion. Nos résultats ont clairement 
montré que les anthocyanes de carotte noire ont une bonne stabilité pendant le stockage thermique 
(4 °C à 50 °C) par rapport aux anthocyanes de la mûre et de l’açaï. L’acylation des anthocyanes de 
la carotte noire pourrait expliquer sa plus grande stabilité. Les anthocyanes acylées se sont révélées 
prometteuses en substitution à l’utilisation de colorants synthétiques dans les procédés de fabrication 
de boissons. 
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Figure 1.
Structure of the main anthocya
glucoside), açai (cyanidin 3-ru
xyloside-glucoside-ferulic acid
1. Introduction

Anthocyanins are a group of naturally 
occurring flavonoid heterosides in the plant 
kingdom. They are responsible for the 
attractive colour of many fruits and vegeta-
bles. Anthocyanins are glycosides of 
anthocyanidins and may have aliphatic or 
aromatic acids attached to the glycosidic res-
idues [1]. The aglycone fraction (anthocya-
nidin) differs according to the B cycle 
substituent (figure 1). Glycosylation most 
often appears in positions 3 and 5 [2] and 
acylation with aromatic acids including cin-
namic, p-coumaric, caffeic, ferulic or even 
malonic acids has a significant stabilising 
effect on anthocyanins [3–5]. Anthocyanin 
colour is determined by the number of 
hydroxyl groups, their degree of methyla-
tion, the nature, number and position of the 
sugars bound to the anthocyanidin, and the 
nature and number of acids bound to the 
sugar, as well as the physico-chemical envi-
ronment in which these anthocyanins are 
present. For example, the colour changes 
from pink to blue as the number of hydrox-
yls increases, and the other way round as 
the number of methyls increases [6]. The 
same anthocyanin may have different col-
ours according to the pH or concentration 
of the solution, but also according to the 
presence of co-pigments. A co-pigment is 
generally not coloured, but can increase the 
colour intensity of a solution of anthocy-
anins [7]. Besides their antioxidant proper-
ties, anthocyanins have a high potential for 
use as natural colorants [8]. 

Thermal degradation of anthocyanins has 
been covered by numerous studies, such as 
for red cabbage [9], black carrot, blood 
orange [10–12], strawberry [13] and black-
berry [14]. Indeed, knowing the degradation 
kinetic parameters is essential for predicting 
qualitative changes appearing during stor-
age and during heat treatment processes 
such as pasteurisation. These studies have 
shown that anthocyanin degradation can be 
described using a first-order kinetic law.

The stability of anthocyanins during heat 
treatments depends on the composition and 
characteristics of the medium: presence of 
other solutes such as sugars, salts, ascorbic 
acid or co-pigments, dissolved oxygen 

nins found in Andean blackberry (cyanidin 3-
tinoside) and black carrot (cyanidin 3-galactoside-
).
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content and pH. The presence of sugars and 
salts increases the degradation rate of 
anthocyanins in red cabbage [9], açai and 
acerola [15]. Nonetheless, not all sugars 
appear to be equivalent in this respect: fruc-
tose, arabinose, lactose and sorbose, for 
example, seem to accelerate anthocyanin 
degradation more than glucose, maltose and 
saccharose [6]. The interaction mechanisms 
between sugar and anthocyanins have not 
been well explained. The reducing nature 
of sugar, for instance, is not critical. It is 
probable in this respect that certain products 
of hexose degradation in acid medium, such 
as furfural, are involved in anthocyanin deg-
radation [16]. 

Ascorbic acid is frequently added to fruit-
based products to limit oxidation reactions 
such as enzymic browning, but also for 
nutrition purposes. This compound appears 
to promote anthocyanin degradation [9, 17].
Nonetheless, the degradation constant k
obtained in an acerola-based drink with 
2.8 g·L–1 ascorbic acid is three times higher 
than that obtained in an açai-based drink to 
which ascorbic acid was added at the same 
concentration [17]. This difference could be 
attributed to the fact that the flavonoid con-
centration in açai is 10 times higher than in 
acerola, and they may protect anthocyanins 
by intermolecular co-pigmentation [8].

Other compounds may play a part in 
anthocyanin stability, such as dextrins, by 
preventing the transformation of the cati-
onic form of anthocyanin into other less sta-
ble forms [18, 19]. Similarly, anthocyanins 
with at least one glycosyl residue acylated 
by a phenolic acid residue (generally via the 
primary hydroxyl group) are protected by 
the phenomenon of intramolecular co-pig-
mentation [1, 20, 21]. Acylated anthocyanins 
then adopt compact conformations, in 
which the flat aromatic part of the aromatic 
acyl residues stacks up (via hydrophobic 
interactions) on the positively charged 
pyrylium nucleus, thereby minimising its 
contact with water [4].

A number of anthocyanin-rich sources 
have been investigated for their potential as 
commercial pigment extracts. Research led 
to the discovery of anthocyanin molecules 
with patterns that exhibit remarkable stabil-
ity in a wider variety of food products. Thus, 

in order to complete these investigations, 
we performed this study. Therefore, our 
objective was to observe the effect of ther-
mal storage on purified anthocyanins in a 
matrix representing a non-alcoholic drink at 
different temperatures. The results from this 
study will give information about the stability
of purified mono-acylated triglycosylated 
anthocyanins from black carrot, and monogly-
cosylated anthocyanins from açai and 
Andean blackberry used as drink colorants. 

2. Materials and methods

2.1. Plant material

Fruits of Andean blackberries (Rubus glau-
cus Benth.) from Ecuador (Ambato), col-
lected by a correspondent of the EPN 
(Escuela Politécnica National, Quito), were 
frozen whole upon harvesting, and kept at 
–18 °C. The açai (Euterpe oleracea Mart.) 
fruits were supplied to us by Bolthouse 
(Bélem, Brazil). Açai juice was extracted 
from fruits within 12 h of harvesting, and 
was then frozen and kept at –18 °C. For the 
black carrot (Daucus carota L.) studies, we 
used a purified anthocyanin powder extract 
(ColorFruit Carrot 12 WSP) supplied by Chr-
Hansen (Prades-le-Lez, France). As a refer-
ence, a standard grape anthocyanin extract 
was selected (extract E163 supplied by 
Grap’Sud, Cruviers-Lascours, France).

2.2. Obtaining purified anthocyanin
extracts

In our study we chose to work with purified 
anthocyanin extracts equivalent to those 
offered by food additive suppliers. The pro-
tocol used for obtaining the extracts from 
the raw products (blackberry and açai) is 
described below.

For blackberries, the juice was first 
extracted by pressing (Sakaya 12 hydraulic 
press, Bangkok). It was then stored for 12 h 
at 4 °C to precipitate some of the pectic 
compounds. After centrifuging at 8000 g for 
15 min at 4 °C (Beckman Coulter, Ireland), 
the blackberry juice was enzyme-treated 
Fruits, vol. 66 (3
) 205
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(Pectinex Ultra SP-L, Novozymes, 1 mL·L–1, 
12 h, 20 °C) then vacuum-filtered on sin-
tered glass (porosity no. 1). For açai, we 
received the juice directly from Brazil.

Anthocyanins from blackberry juice were 
purified and concentrated on a laboratory 
scale by adsorption to a styrene-divinylben-
zene copolymer with non-ionic and hydro-
phobic chemical properties, a specific 
surface of greater than 800 m2·g–1, and an 
average pore diameter of between (20 and 
25) nm. This resin (XA 984) was supplied by 
Novacep (Epone, France). After optimisa-
tion, adsorption was performed at a flow 
rate of 8 BV·h–1 (BV = Bed Volume) and des-
orption with 65% ethanol (v/v) at 4 BV·h–1 

[22]. Under these conditions, the overall 
anthocyanin recovery yield was 95.6% and 
the anthocyanin purification rate against the 
dry matter was 23. The purified anthocyanin 
extracts obtained were kept in pH 3-citrate 
buffer (46.5% 0.1 M citric acid, 3.5% 0.1 M 
dehydrated sodium citrate) at 4 °C. The 
same adsorption procedure was used to 
purify the anthocyanins in açai juice. The 
anthocyanin identification and concentra-
tion of these extracts were performed by 
HPLC by the method of Mertz et al. [23], as 
well as the total polyphenol content using 
the Folin Ciocalteu method [24]. The main 
characteristics of the three anthocyanin 
extracts used were summarised (table I).

2.3. Measuring chromatic
characteristics

The colour unit equates to the colorant 

intensity  of 1 g of colorant, 

which, when diluted in 100 mL of buffer 
solution at pH 3, gives an absorbance of 1 
[1]. This quantity therefore equates to an 
extinction coefficient in which concentra-
tion is expressed in g·100 mL, and the opti-
cal thickness in cm (Equation 1).

      (1)

where Aλmax: absorbance at the maximum 
wavelength of diluted extract 
(0.5 < Aλmax < 1); FD: dilution factor; m: 
mass (g) of extract introduced into a 100-mL 
vial of pH 3 buffer.
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The Brown Index [BI = (A430 nm / A520 nm)]
and Violet Index [VI = (A580 nm / A520 nm)] are 
widely used for assessing colorant quality, but 
also for estimating the shade or hue [1, 20]. 
Hence, they reflect the quantity of brown 
(A430 nm) or blue (A580 nm) in anthocyanin-based 
red colorants.

2.4. Monitoring of degradation
during storage

Anthocyanin degradation was monitored in 
a model solution simulating a non-alcoholic 
fruit-based drink. This aqueous solution 
comprised saccharose and citric acid. Potas-
sium sorbate and sodium benzoate were 
used to prevent any microbe development 
(table II). Anthocyanin extracts from açai, 
blackberry and black carrot were added to 
the model solution until an absorbance of 
2 was obtained (approximately 2 g·L–1). A 
quantity of 0.5 g·L–1 of ascorbic acid (Sigma, 
L’Isle d’Abeau, France) was added to part of 
the preparation in order to evaluate its effect 
on anthocyanins at 30 °C. The solution was 
then transferred to 60-mL sterile food-qual-
ity polyethylene bottles. Each bottle was 
nitrogen-inerted to eliminate oxygen, and 
then sealed with wax paper. The number of 
bottles prepared equated to the number of 
samples to be taken.

The bottles were then placed in thermo-
static chambers for 10 weeks. Three temper-
atures were chosen: 4 °C, representing the 
positive control; 20 °C, equating to an aver-
age temperate climate temperature; 30 °C, 
to simulate storage in a tropical environ-
ment; and 50 °C, to obtain accelerated age-
ing.

The total anthocyanin content was 
assessed by the pH differential method [25]. 
All absorbance readings were made against 
distilled water, which acted as the control. 
Spectrophotometric measurements were 
carried out using Shimadzu spectrophotom-
eters (UV-1200 and UV-1605, Kyoto, Japan). 
Concentrations were expressed as cyanidin 
3-glucoside (M = 449 g·mol–1) equivalents 
for açai and blackberry. Based on the initial 
absorption spectra of the anthocyanin solu-
tions from blackberries, black carrots and 
açai, the maximum absorption wavelength 

was determined: 517 nm for açai anthocy-
anin, 514 nm for blackberry and 524 nm for 
carrot anthocyanin (figure 2). The molar 
extinction coefficient at pH 1 used for cal-
culation was 26,900 L·mol–1·cm–1 for cyan-
idin 3-glucoside [25]. Every week, 
three bottles were removed to measure the 
absorbance at λmax of the anthocyanin solu-
tions and thrown out. 

To verify possible oxygen entry, the dis-
solved oxygen content was measured on 
specially obtained standard samples using a 
dissolved oxygen probe (CellOx 325) at the 
start of, during, and at the end of storage.

The pH was measured at the start and end 
of storage on ten samples (Schott
pH meter).

Table II.
Composition of the model solution
(pH 3) simulating a non-alcoholic fruit-
based drink, used for monitoring
anthocyanin degradation in the case of
a coloured drink made from Andean
blackberry, açai and black carrot
extracts.

Composition Proportion
(%)

Saccharose 11
Potassium sorbate 0.023
Sodium benzoate 0.018
Citric acid 0.215
Milli-Q water 100

F
V
b
b
u
d
a

Fruits, vol. 66 (3
igure 2.
isible absorption spectrum of
lack carrot, Andean
lackberry and açai extracts
sed for making a coloured
rink, and maximum
dsorption wavelengths.
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The soluble dry extract was measured at 
the start of and during storage to monitor 
changes (Atago refractometer).

To detect any microbe developments, 
two indicators were used. For lactic bacteria, 
the titratable acidity of the solutions was 
measured by titrimetry (NaOH at 0.1 N to a 
pH of 8.2, Schott titrator). It was expressed 
as mass of lactic acid. For yeast, the ethanol 
content in the samples was analysed using 
an Agilent 6890 gas chromatograph (GC) in 
automatic injection mode on a DB-Wax col-
umn [26]. 

2.5. Modelling of degradation
kinetics

According to previous studies on the black 
carrot [12], açai [15] and blackberry, Roselle 
and blood orange [14, 27], the thermal deg-
radation of anthocyanins follows a first-
order kinetic. Therefore, two models were 
chosen.

– The first is a conventional chemical kinet-
ics model (Equation 2). It defines the deg-
radation rate constant k, which depends on 
the temperature and is represented by the 
Arrhenius equation (Equation 3).

   (2)  

 (3) 

where : pre-exponential factor (s–1) ; Ea:
activation energy (J·mol–1); R: perfect gas 
constant (= 8.32 J·mol–1·k–1).

– The second model (4), more often used 
in microbiology (Ball’s model), defines a 
decimal reduction time which is related to 
temperature via a factor z (5).

 (4)

 ... (5) 

where D: decimal reduction time at temper-
ature T (s); D0: value of D extrapolated at 
0 °C; z is expressed in °C.

The model’s parameters were identified, 
using linear regression on the logarithmic 
curves of experimental data. Although the 
z value could be estimated from Ea using the 
relationship z 10( )ln RT

2/Ea=( )  in a nar-

row range of temperature, we chose to 
determine the z value graphically.

The Arrhenius equation represents the 
effect of temperature on the anthocyanin 
degradation rate. Indeed, the plot of the 
Napierian logarithm of the k as a function 
of the inverse temperature determines the 
activation energy (Ea), and the representa-
tion of log10 (D) as a function of temperature 
deduces the value of z.

All the analyses were repeated three 
times. The values given in the tables corre-
spond to the average ± standard deviation.

3. Results

Regardless of the temperature, the pH of all 
the model solutions remained constant 
throughout the storage period 
(3.15 ± 0.007). The same applied to the sol-
uble dry extract [(100 ± 1) g·kg–1]. The 
titratable acidity values measured at the end 
of storage revealed that there was no 
organic acid produced, and the production 
of ethanol measured by GC remained less 
than 3 mg·L–1. These results confirmed that 
the drinks used were indeed microbiologi-
cally stable, and that the changes observed 
were only chemical or biochemical. Finally, 
the dissolved oxygen content did not vary 
during storage [(3.2 ± 0.06) mg O2·L

–1].

3.1. Anthocyanin degradation

Thermal degradation of the anthocyanins 
followed a first-order kinetic model: the log-
arithm of absorbance was inversely propor-
tional to the treatment time (figure 3). The 
kinetic parameters k and D of the anthocy-
anin extracts from açai, blackberry and 
black carrot were determined graphically. 
The Arrhenius law and the z factor fit the 
temperature dependence of k and D well 
considering the R2 (table III). No anthocy-
anin degradation occurred in refrigerated 
storage (4 °C) during the 10 weeks of stor-
age (figure 3). 

At all temperatures, the lowest degrada-
tion rate constants k were for the black carrot 
drink followed by açai and then blackberry. 
So the black carrot anthocyanins degraded 

A A0
e

–kt

=

k k∞e
– Ea/RT( )

=

k∞

D 10 kln=

D D010– T/z( )
=
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more slowly than açai and Andean black-
berry anthocyanins during this thermal stor-
age (table III). 

These results fall within the ranges usu-
ally reported in the literature for anthocy-
anin degradation [12, 14, 15]. However, 
these values were greater than ours were. 
This observation is probably due to the 
matrices used: juice, concentrate, buffer 
solution, soft drink, or fermented juice and 
their composition [9, 11, 13–15, 20, 28, 29]. 
In our study, we used anthocyanin extracts 
purified by resin adsorption, which was not 
the case with the previous work presented 
in the literature. In this respect, it is possible 
that purification of the anthocyanins 
improves their chemical stability by elimi-
nating a lot of the non-phenolic solutes lia-
ble to promote degradation [30, 31].

Açai and Andean blackberry have two 
main anthocyanins - cyanidin 3-glucoside 
and cyanidin 3-rutinoside [22, 32]. Mean-
while, the black carrot has primarily a 
mono-acylated triglycosylated anthocyanin: 
cyanidin 3-galactoside-xyloside-glucoside-
ferulic acid [33]. This ferulic acid is fixed on 
the glycosyl residue and can approach the 
flavylium nucleus to protect it from nucle-
ophilic attack by water on C2. This is the 
phenomenon of intramolecular co-pigmen-
tation [5].

Table III.
Kinetic parameters for thermal degradation of anthocyanins following the Arrhenius
coloured drink made from Andean blackberry, açai and black carrot extracts.

Extracts °C Arrhenius model Ball’s

K·10–²
(d–1)

Ea
(kJ·mol–1)

R² D
(d)

Açai 20 0.28 ± 5.2.10 -03 835.5 ± 15

30 0.77 ± 8.2.10 -03 66.3 ± 2.7 0.92 300.3 ± 3.2

50 1.55 ± 2.3.10 -02 148.2 ± 2.2

Blackberry 20 0.32 ± 1.4.10 -02 720.3 ± 32.3

30 1.08 ± 1.7.10 -02 91.2 ± 0.4 0.89 213.3 ± 3.5

50 2.46 ± 4.3.10 -02 93.8 ± 1.6

Black carrot 20 0.13 ± 7.2.10 -03 1798.9 ± 104.4

30 0.42 ± 3.7.10 -03 63.2 ± 4.3 0.96 550.9 ± 4.8

50 0.92 ± 8.7.10 -03 251.7 ± 2.3

F
T
o
b
f
1
2

Fruits, vol. 66 (3
and Ball models for a

model

z
(°C)

R²

26.6 ± 3.1 0.90

18.2 ± 1.5 0.85

27.7 ± 2.0 0.93

igure 3.
hermal degradation kinetics
f açai, Andean blackberry and
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The activation energies (Ea) ranged 
between (63 and 91) kJ·mol–1, and the z fac-
tor ranged between (18 and 27) °C. Ea of 
black carrot anthocyanins (63.2 kJ·mol–1) 
was less than açai anthocyanins 
(66.3 kJ·mol–1) and Andean blackberry 
anthocyanins (91.2 kJ·mol–1) (table III).
Anthocyanins from blackberries and açai 
were therefore more sensitive to tempera-
ture increases than black carrot anthocy-
anins. Thus, purified acylated anthocyanins 
from black carrot are more stable in these 
conditions than blackberry and açai 
anthocyanins. These results agree with stud-
ies about the potential food applications of 
a number of acylated anthocyanin extracts 
[4, 33]. Cevallos-Casals et al. showed that 
acylated anthocyanins were more stable to 
pH and temperature change than non-
acylated ones [34]. Such high stability may 
be attributed to the acylation on the 
anthocyanin structure [35–37]. 

However, the Ea of açai shows a good 
value compared with blackberry, although 
both have the same anthocyanin profile 
(table III): about 70% cyanidin 3-rutinoside 
and 30% cyanidin 3-glucoside. The poly-
meric resins used to purify the anthocyanins 
do not remove all other polyphenols. In fact, 
a purity index (anthocyanins / polyphe-
nols) (% w/w) can be measured in order to 
evaluate the proportion of anthocyanins in 
contrast to the polyphenols. We found 60%. 
It means that there are 40% of polyphenol 
- non-anthocyanins in the extract. Thus, 
other flavonoids than anthocyanins are 

elute and can be found in the anthocyanin 
extract [38, 39].

Some flavonoids also appear to play an 
important role in the anthocyanin protection 
mechanism [8]. They appear to compete 
with water to interact with chromophore, 
which would displace the equilibrium 
between the coloured and colourless forms 
towards complexation of the coloured form.
The literature highlights the effect of flavo-
noids and proanthocyanidin, contained in 
high level in açai [15, 40, 41]. According to 
Pacheco-Palencia’s study [42], flavone-C-
glycosides (schaftoside, vicenin-2, isoorien-
tin, orientin, isovitexin) found in açai 
enhance anthocyanin stability, while no sig-
nificant effects were attributed to the pres-
ence of phenolic acids and procyanidins. 
However, no flavone-C-glycosides were 
detected in Andean blackberry [22].

This result may suggest flavone-C-glyco-
sides offer potential for their use as colour 
enhancers and stabilising agents in products 
rich in cyanidin glycosides.

3.2. Effect of ascorbic acid on
anthocyanin stability

Adding ascorbic acid caused a significant 
and rapid decrease in absorbance after one 
week of storage at 30 °C: 73% for acai, 89% 
for carrot and 93% for blackberry (figure 4).

This negative effect of ascorbic acid on 
anthocyanins agreed with previous work [8, 
9, 13, 17, 43–45]. This decrease was imme-
diate, since the absorbance of the açai, 
blackberry and carrot samples tended to sta-
bilise after the first weeks of storage at 30 °C.

Work on anthocyanins from strawberry 
[13], açai [43] and blackcurrant [46] has sug-
gested a possible interaction between these 
two compounds. The mechanism suggested 
by Poei-Langston et al. consists of direct 
condensation of ascorbic acid on carbon 4 
of the anthocyanin molecule, thereby caus-
ing the loss of both [44]. Furthermore, 
according to Lacobucci and Sweeny (1983, 
quoted in [17]), anthocyanin colour loss 
caused by ascorbic acid could be due to oxi-
dative cleavage of the pyrylium ring, with 
ascorbic acid acting as a molecular oxygen 
activator, producing free radicals [45].
Figure 4.
Evolution of absorbance of
açai, Andean blackberry and
black carrot anthocyanins in
the presence of ascorbic acid
(50 mg·100 mL–1) over 1 week
of storage at 30 °C.
Fruits, vol. 66 (3)
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Moreover, the presence of flavonols 
exerts a protective effect on anthocyanins in 
the presence of ascorbic acid, probably 
through competition with water in conden-
sation reactions [47].

3.3. Indices for polymeric colour and
browning

Anthocyanins are labile molecules that will 
undergo a number of degradative reactions. 
Enzymes such as polyphenoloxidase, per-
oxidase and glycosidase can have a devas-
tating effect on anthocyanins [48]. These 
enzymes may be native to the plant tissue, 
or their source may be from mould contam-
ination and cause brown oxidation pig-
ments [1, 49].

An increase in the Brown Index 
(BI = A430/A520) indicates a degradation of 
red pigments (A520) or an increase in yellow 
pigments (A430) due to oxidative polymeri-
sation of tannins by oxygen.

The stable BI values obtained at 4 °C indi-
cate an absence of degradation at refriger-
ated temperatures, whereas, at higher 
temperatures, this index increased signifi-
cantly (figure 5). Initially between 0.37 and 
0.45, the BI was multiplied by a factor of 2.3 
for açai and blackberry, and by 1.30 for 
black carrot at 50 °C. At 30 °C, the increase 
was smaller, with a multiplying factor of 1.37 
for açai, 1.30 for blackberry and 1.08 for 
black carrot. At 20 °C, the increase ranged 
from 1.13 for açai, to 1.07 for blackberry and 
1.04 for black carrot. These results con-
firmed that black carrot anthocyanins 
degraded much more slowly than black-
berry or açai anthocyanins. 

The violet index (VI = A580/A520) exhib-
ited similar variation, with a smaller increase 
factor for the açai and black carrot at 50 °C, 
while the blackberry’s index evolved more 
rapidly during storage (results not shown).

In terms of colorant intensity, anthocy-
anin extract from açai is four times stronger 
than extract from black carrot and grape, in 
comparison with extract from blackberry, 
which is two times higher. This difference 
in colorant intensity can be explained 
among other things by their composition. 

Indeed, blackberry and açai extracts prima-
rily contain anthocyanins and other flavo-
noids, unlike carrot and grape extracts 
which contain texturising agents such as 
maltodextrin or even glucose syrup.

4. Conclusion

Our results clearly showed that anthocy-
anins from black carrot have a good stability 
during thermal storage (4 °C to 50 °C) with 
regard to blackberry and açai anthocyanins. 
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igure 5.
volution of the Brown Index of
çai, Andean blackberry and
lack carrot samples over
0 weeks of storage at 4 °C,
0 °C, 30 °C and 50 °C.
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Acylation of black carrot anthocyanins prob-
ably explains its greater stability. Acylated
anthocyanins have shown to be promising 
alternatives to the use of synthetic dyes in 
drink systems.

Under the tested conditions, no anthocy-
anin loss was revealed during storage of the 
model drinks in the refrigerated state (4 °C) 
for 10 weeks, and ascorbic acid at 0.5 g·L–1

considerably accelerated degradation of all 
anthocyanin studies. 

The better stability of açai anthocyanins 
compared with those of blackberry may be 
explained by the presence of flavonols in 
açai, which may also play an important role 
in the anthocyanin protection mechanism. 

Further studies are required to achieve 
better characterisation of anthocyanin 
behaviour in products such as drinks and to 
improve understanding of the phenomena 
involved. Indeed, it has been clearly dem-
onstrated that the physico-chemical envi-
ronment (pH, acidity, presence of enzymes, 
soluble dry extract, salts), nutritional envi-
ronment (vitamins, sugars, proteins, phe-
nolic acids, flavonoids) and external 
environment (light, temperature, ascorbic 
acid, maltodextrin) in which the anthocy-
anin is located affect its stability. It would 
first be necessary to define this environment 
precisely for each anthocyanin source. 
There should also be testing on a wider tem-
perature range, in order to measure the 
kinetic parameters of degradation with 
greater precision. Similarly, a study of the 
various co-factors such as flavone-C-glyco-
sides, which might improve and stabilise the 
colour of non-acylated anthocyanins, could 
expand the potential of anthocyanin-based 
colorants. 

Acknowledgements

The blackberries were obtained via CITA 
(Centro Nacional de Ciencia y Tecnología de 
Alimentos, San José, Costa Rica) and EPN 
(Escuela Politécnica Naciona, Quito, Ecua-
dor). The açai juice was supplied to us by 
Bolthouse (Brazil). We would like to thank 
Céline Malien-Aubert from Chr. Hansen 
(Prades-Le-Lez, France) for her advice and 
for supplying us with the black carrot 

extracts. The resins used were supplied by 
Novasep Applexion (Epone, France). This 
study was financed by the European Project 
Producing Added Value from Under-utilised 
Crops (PAVUC).

References

[1] Sarni-Manchado P., Cheynier V., Les poly-
phénols en agroalimentaire, Lavoisier, Paris,
France, 2006.

[2] Yoshitama K., Abe K., Chromatographic and
spectral characterization of 3'-glycosylation
in anthocyanidins, Phytochemistry 16 (1977)
591–593.

[3] Giusti M.M., Wrolstad R.E., Acylated antho-
cynins from edible sources and their applica-
tion in food systems, Biochem. Eng. J. 14
(2003) 217–225.

[4] Markovic J.M.D., Petranovic N.A., A spec-
trophotometric study of the copigmentation
of malvin with caffeic and ferulic acids, J.
Agric. Food Chem. 48 (2000) 5530–5536.

[5] Rubinskiene M., Viskelis P., Jasutiene I.,
Impact of various factors on the composition
and stability of black currant anthocyanins,
Food Res. Int. 38 (2005) 867–871.

[6] Rein M., Copigmentation reactions and color
stability of berry anthocyanins, Univ. Hel-
sinki, Acad. Diss., Helsinki, Finland, 2005,
87 p.

[7] Mazza G., Brouillard R., The mechanism of
co-pigmentation of anthocyanins in aqueous
solutions, Phytochemistry 29 (1990) 1097–
1102.

[8] Espín J.C., Soler-Rivas C., Wichers H.J.,
Anthocyanin-based natural colorants: a new
source of antiradical activity for foodstuff, J.
Agric. Food Chem. 48 (2000) 1588–1592.

[9] Dyrby M., Westergaard N., Stapelfeldt H.,
Light and heat sensitivity of red cabbage
extract in soft drink model systems, Food
Chem. 72 (2001) 431–437.

[10] Kirca A., Cemeroglu B., Degradation kinetics
of anthocyanins in blood orange juice and
concentrate, Food Chem. 81 (2003) 583–
587.

[11] Kirca A., Ozkan M., Cemeroglu B., Stability
of black carrot anthocyanins in various fruit
juices and nectars, Food Chem. 97 (2006)
598–605.
Fruits, vol. 66 (3)



Anthocyanin stability of a coloured drink
[12] Kirca A., Ozkan M., Cemeroglu B., Effects of
temperature, solid content and pH on the
stability of black carrot anthocyanins, Food
Chem. 101 (2007) 212–218.

[13] Garzon G.A., Wrolstad R.E., Comparison of
the stability of perlargonidin-based antho-
cyanins in strawberry juice and concentrate,
J. Food Sci. 67 (2002) 1288–1299.

[14] Wang W.-D., Xu S.-Y., Degradation kinetics
of anthocyanins in blackberry juice and
concentrate, J. Food Eng. 82 (2007) 271–
275.

[15] De Rosso V.V., Mercadante A.Z., Evaluation
of colour and stability of anthocyanins from
tropical fruits in an isotonic soft drink sys-
tem, Innov. Food Sci. Emerg. Technol. 8
(2007) 347–352.

[16] Eiro M.J., Heinonen M., Anthocyanin color
behavior and stability during storage: Effect
of intermolecular copigmentation, J. Agric.
Food Chem. 50 (2002) 7461–7466.

[17] De Rosso V.V., Mercadante A.Z., The high
ascorbic acid content is the main cause of
the low stability of anthocyanin extracts from
acerola, Food Chem. 103 (2007) 935–943.

[18] Duangmal K., Saicheua B., Sueeprasan S.,
Colour evaluation of freeze-dried roselle
extract as a natural food colorant in a model
system of a drink, LWT - Food Sci. Technol.
41 (2008) 1437–1445.

[19] Chandra A., Nair M.G., Iezzoni A.F., Isolation
and stabilization of anthocyanins from tart
cherries (Prunus cerasus L.), J. Agric. Food
Chem. 41 (1993) 1062–1065.

[20] Malien-Aubert C., Dangles O., Amiot M.J.,
Color stability of commercial anthocyanin-
based extract in relation to the phenolic
composition, Protective effects by intra-and
intermolecular copigmentation, J. Agric.
Food Chem. 49 (2001) 170–176.

[21] Rein M.J., Heinonen M., Stability and
enhancement of berry juice color, J. Agric.
Food Chem. 52 (2004) 3106–3114.

[22] Zozio S., Extraction d'anthocyanes de
mûres andines (Rubus Adenotrichus
Schlech et Rubus Glaucus Benth) et d'Açaï
(Euterpe oleracea Mart.) sur résines adsor-
bantes et étude de la stabilité de ces extraits
d'anthocyanes purifiés, ENSIA-SIARC, Mas-
ter, Montpellier, France, 2008.

[23] Mertz C., Cheynier V., Günata Z., Brat P.,
Analysis of phenolic compounds in two

blackberry species (Rubus glaucus and
Rubus adenotrichus) by High-Performance
Liquid Chromatography with diode array
detection and electrospray Ion trap mass
spectrometry, J. Agric. Food Chem. 55
(2007) 8616–8624.

[24] George S., Brat P., Alter P., Rapid determina-
tion of polyphenols and vitamin C in plant-
derived products, J. Agric. Food Chem. 53
(2005) 1370–1373.

[25] Lee J., Determination of total monomeric
anthocyanin pigment content of fruit juices,
beverages natural colorants, and wines by
the pH differential method: collaborative
study, J. AOAC Int. 88 (2005) 1269–1278.

[26] Meret M., Étude des composés libres et liés
de deux fruits tropicaux : la tomate d'arbre
(Cyphomandra betaceae) et la mûre andine
(Rubus glaucus), Univ. Montpellier 2, Master,
Montpellier, France, 2007.

[27] Cisse M., Vaillant F., Acosta O., Dhuique-
Mayer C., Dornier M., Thermal degradation
kinetics of anthocyanins from blood orange,
blackberry, and roselle using the Arrhenius,
Eyring, and Ball models, J. Agric. Food
Chem. 57 (2009) 6285– 6291.

[28] Sadilova E., Stintzing F.C., Kammerer D.R.,
Carle R., Matrix dependent impact of sugar
and ascorbic acid addition on color and
anthocyanin stability of black carrot, elder-
berry and strawberry single strength and
from concentrate juices upon thermal treat-
ment, Food Res. Int. 42 (2009) 1023–1033.

[29] Turker N., Aksay S., Ekiz H.I., Effect of sto-
rage temperature on the stability of antho-
cyanins of a fermented black carrot (Daucus
carota var. L.) beverage: Shalgam, J. Agric.
Food Chem. 52 (2004) 3807–3813.

[30] Liu X., Xiao G., Chen W., Xu Y., Wu J., Quan-
tification and purification of mulberry antho-
cyanins with macroporous resins, J.
Biomed. Biotechnol. 5 (2004) 326–331.

[31] Kammerer D.R., Kljusuric J.G., Recovery of
anthocyanins from grape pomace extract
(Vitis vinifera L. cv. Cabernet Mitos) using a
polymeric adsorber resin, Eur. Food Res.
Technol. 220 (2005) 431–437.

[32] Pacheco-Palencia L.A., Hawken P., Talcott
S.T., Phytochemical, antioxidant and pig-
ment stability of açai (Euterpe oleracea
Mart.) as affected by clarification, ascorbic
acid fortification and storage, Food Res. Int.
40 (2007) 620–628.
Fruits, vol. 66 (3
) 213



214

S. Zozio et al.
[33] Sadilova E., Stintzing F.C., Thermal degrada-
tion of acylated and nonacylated anthocya-
nins, J. Food Sci. 71 (2006) 504–512.

[34] Cevallos-Casals B.A., Cisneros-Zevallos L.,
Stability of anthocyanin-based aqueous
extracts of Andean purple corn and red-
fleshed sweet potato compared to synthetic
and natural colorants, Food Chem. 86 (2004)
69–77.

[35] Shi Z., Lin M., Francis F.J., Stability of
anthocyanins from Tradescania pallida, J.
Food. Sci. 57 (1992) 758–760.

[36] Baublis A., Spomer A., Berber-Jimenez
M.D., Anthocyanins pigments: Comparison
of extract stability, J. Food. Sci. 59 (1994)
1219–1221.

[37] Inamu O., Tamaru I., Stability of anthocya-
nins of Sambucus canadensis and Sambu-
cus nigra, J. Agric. Food Chem. 44 (1996)
3090–3096.

[38] Di Mauro A., Arena E., Fallico B., Recovery of
anthocyanins from pulp wash of pigmented
oranges by concentration on resins, J. Agric.
Food Chem. 50 (2002) 5968–5974.

[39] Scordino M., Di Mauro A., Passerini A.,
Adsorption of flavonoids on resins: Hesperi-
din, J. Agric. Food Chem. 51 (2003) 6998–
7004.

[40] Schauss A.G., WU X., Prior R.L., Phytoche-
mical and nutrient composition of the freeze-
dried amazonian palm berry, Euterpe olera-
ceae Mart. (Açai), J. Agric. Food Chem. 54
(2006) 8598–8603.

[41] Pacheco-Palencia L.A., Duncan C.E., Talcott
S.T., Phytochemical composition and ther-

mal stability of two commercial açai species,
Euterpe oleracea and Euterpe precatoria,
Food Chem. 115 (2009) 1199–1205.

[42] Pacheco-Palencia L.A., Talcott S.T., Chemical
stability of açai fruit (Euterpe oleracea Mart.)
anthocyanins as influenced by naturally
occurring and externally added polyphenolic
cofactors in model systems, Food Chem.
118 (2009) 17–25.

[43] Pozo-Insfran D.D., Brenes C.H., Talcott S.T.,
Phytochemical composition and pigment
stability of açai (Euterpe oleracea Mart.), J.
Agric. Food Chem. 52 (2004) 1539–1545.

[44] Poei-Langston M.S., Wrolstad R.E., Color
degradation in an ascorbic acid-anthocya-
nin-flavanol model system, J. Food Sci. 46
(1981) 1218–1222.

[45] Garcia-Viguera C., Bridle P., Influence of
structure on colour stability of anthocyanins
and flavylium salts with ascorbic acid, J.
Agric. Food Chem. 64 (1999) 21–26.

[46] Iversen C.K., Black currant nectar: Effect of
processing and storage on anthocyanin and
ascorbic acid content, J. Food Sci. 64 (1999)
37–41.

[47] Shrikhande A.J., Francis F.J., Effect of flavo-
nols on ascorbic acid and anthocyanin stabi-
lity in model systems, J. Food Sci. 39 (1974)
904–906.

[48] Francis F.J., Food colorant: Anthocyanins,
Crit. Rev. Food. Sci. Nutr. 28 (1989) 273–312.

[49] Wrolstad R.E., Detection of adulteration in
blackberry juice concentrates and wines, J.
Assoc. Off. Anal. Chem. 65 (1982) 1417–
1423.
Fruits, vol. 66 (3)



Anthocyanin stability of a coloured drink
Evaluación de la estabilidad de las antocianinas en el trascurso del
almacenamiento de una bebida colorada por extractos de moras andinas
(Rubus glaucus Benth.), de acaí (Euterpe oleracea Mart.) y de zanahorias
negras (Daucus carota L.).

Resumen – Introducción. Estudiamos el efecto de la temperatura en la estabilidad de tres 
fuentes de antocianinas purificadas, en una bebida gaseosa (pH 3, 10 °Brix) almacenadas a 
(4, 20, 30, 50) °C durante 60 días. Material y métodos. Se purificaron y se concentraron 
antocianinas de mora andina, de acaí y de zanahoria negra en laboratorio por absorción en 
un copolímero de estireno divinilbenceno. Para describir la cinética de degradación térmica 
de estas tres antocianinas, se emplearon dos acercamientos empíricos clásicos (modelos de 
Arrhenius y de Ball). Resultados. No se detectó ninguna degradación en el trascurso del 
almacenamiento refrigerado (4 °C). A todas las temperaturas, la constante de la velocidad de 
degradación (k) para las antocianinas de la zanahoria negra fue menor que la del acaí y la de 
la mora (0,42 × 10–2, 0,77 × 10–2 et 1,08 × 10–2)·día–1, respectivamente, a 30 °C. Las antociani-
nas de la zanahoria negra se degradaron menos rápidamente que las del acaí y las de la mora 
andina. A 20–50 °C, la energía de activación (Ea) fue (63,2 ± 4.3) kJ·mol–1 para la degradación 
de las antocianinas de la zanahoria negra, (66,3 ± 2.7) kJ·mol–1 para el acaí y 
(91,2 ± 0.4) kJ·mol–1 para la mora. Esta energía de activación Ea de antocianinas de la mora, 
superior a la de la zanahoria negra y a la del acaí, implica que un ligero aumento de la tem-
peratura basta para degradar estas antocianinas más rápidamente. Conclusión. Nuestros 
resultados mostraron claramente que las antocianinas de la zanahoria negra tienen una buena 
estabilidad durante el almacenamiento térmico (4 °C a 50 °C) en relación con las antocianinas 
de la mora y del acaí. La acilación de las antocianinas de la zanahoria negra podría explicar 
su mayor estabilidad. Las antocianinas aciladas han resultado ser prometedoras en sustitución 
del uso de los colorantes sintéticos, en los procesos de fabricación de bebidas. 
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