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Rheological behavior and color stability of anthocyanins from Merlot (Vitis vinifera L.) 
and Bordô (Vitis labrusca L.) grapes in a jam model system
Comportamento reológico e estabilidade de antocianinas de uvas Merlot (Vitis vinifera L.)  
e Bordô (Vitis labrusca L.) em sistema modelo de geléia
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1 Introduction
Color is an important factor in the consumers’ choice of 

food products. It is one of the most important characteristics 
used to define the quality of food and has a decisive influence 
on the acceptance by the consumer (BLENDFORD, 1995; 
HENDRY and HOUGHTON, 1996).

The replacement of synthetic colorants with natural ones 
as food additives has substantially increased worldwide and 
anthocyanins are considered an attractive option for use in 
foods due to their bright and attractive colors. Also, these 
pigments display a remarkable number of biochemical and 
pharmacological activities and many of their pharmacological 
properties have been correlated to the scavenging ability 
of oxygen-generated free radicals and to the inhibition of 
lipid peroxidation (TSUDA  et  al., 1994; SATUÉ-GRACIA; 

HEINONEN; FRANKEL, 1997); thus, the incorporation of 
anthocyanins into a variety of food systems is desirable.

Anthocyanins are a group of well-known water-soluble 
pigments, which contribute significantly to the red-blue 
coloration of many flowers, fruits, and vegetables. These 
pigments are glycosides of polyhydroxy and polymethoxy 
derivatives of the 3,5,7,3-tetrahydroxyflavylium cation and are 
classified as flavonoids. An anthocyanin molecule comprises an 
aglycone or anthocyanidin moiety, which is glycosylated in its 
natural state by one or more sugars. The electron deficiency of 
the flavylium cation makes the free aglycones (anthocyanidins) 
highly reactive and instable and they do not occur naturally 
(MAZZA; MINIATI, 1993).

Resumo
As antocianinas, pigmentos responsáveis pela cor vermelha das uvas, são facilmente degradadas por vários mecanismos de reação, através da ação 
do oxigênio, enzimas, pH e temperatura, entre outras variáveis. Neste trabalho, um sistema modelo de geleia foi desenvolvido utilizando extrato 
de uva das variedades Bordô e Merlot e polissacarídeos (gomas xantana e locusta) em diferentes temperaturas (45, 55 e 65 °C). A estabilidade dos 
pigmentos antociânicos e o comportamento reológico foram estudados. Para a determinação da estabilidade, calculou-se o tempo de meia-vida 
(t½) e a constante velocidade de reação (primeira ordem) (k). Para o comportamento reológico, as constantes foram determinadas utilizando-se 
o modelo matemático Power law. O sistema modelo desenvolvido que utiliza a temperatura de 45 °C mostrou os melhores resultados para o t½ 
das antocianinas. Os valores de k para os tratamentos 45, 55 e 65 °C não foram significativos (p > 0,05). Observou-se que com o aumento da 
temperatura de desenvolvimento do sistema modelo de geleia houve um aumento no índice da consistência.
Palavras-chave: Vitis vinifera L.; Vitis labrusca L.; antocianina; goma xantana; comportamento reológico.

Abstract
Anthocyanins are the pigments responsible for the color of most red grapes and are easily degraded following various reaction mechanisms 
affected by oxygen, enzymes, pH, and temperature among other variables. In this study, a jam model system was developed using Merlot 
and Bordô grape extracts and polysaccharides (xanthan and locust bean gums) and different temperatures (45, 55 and 65 °C). The stability 
of the anthocyanin pigments and the rheological behavior of the jam model system were studied. For the determination of the stability, the 
half-life time and first-order reaction rate constants for the anthocyanin pigments were calculated. The rheological behavior was determined 
through the Power law model. The jam model system produced using a temperature of 45 °C showed the best results for the anthocyanin 
half-life time. The first-order reaction rate constants for the 45, 55, and 65 °C treatments were not significantly different among each other 
(p > 0.05). It was observed that with an increase in the jam model system temperature there was an increase in the index of consistency.
Keywords: Vitis vinifera L.; Vitis labrusca L.; anthocyanin; xanthan gum; rheological behavior.
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rheological behavior of a jam model system using different 
manufacturing temperatures (45, 55, and 65 ºC).

2 Materials and methods

2.1 Materials

The study was carried out with red Merlot (Vitis vinifera L.) 
and Bordô (Vitis labrusca L.) grapes from a 2004 harvest, which 
were provided by an agricultural research center (EPAGRI), 
from the Experimental Stations of São Joaquim (at 1415 m 
ASL) and Videira (at 774 m ASL.), respectively, in the state of 
Santa Catarina, Brazil.

The samples were washed under running water and treated 
in a solution of sodium hypochlorite (200 ppm). The whole fruits 
were weighed on an analytical scale (Sartorius AG, Gottingen, 
Germany), frozen in a plate freezer (Frigostrella, São Paulo, 
Brazil), and stored at –18 ± 2 °C. Polysaccharides xanthan 
(Kelko, CA, USA) and locust bean (Kerry® – Brazil), potassium 
sorbate, fructose and absolute ethanol (Vetec® – Brazil), citric acid 
monohydrate (Nuclear® – Brazil) and aspartame (commercial) 
were used. All the other reagents were of analytical grade.

2.2 Methods

Extraction and stability of anthocyanin  
pigments in a jam model system

The grape extract was obtained using 100g of grapes, 
which were mashed and transferred to Becker cups with the 
aid of 20 mL of 6% m/v citric acid solution at pH 3.0 ± 0.2 (pH 
meter MP 220 Metler–Toledo). The samples were maintained 
at 70  ±  2  °C in a thermostatic water bath (De Leo, Porto 
Alegre – RS, Brazil) for 6 minutes. The extract obtained was 
filtered through a Whatman nº 2 (Bedford, MA) filter. The 
determination of total soluble solids (°Brix) in the grape extracts 
was carried out in an Abbe refractometer (to 25 °C).

The gelating agent used to obtain the jam model system was 
a combination of xanthan (Kelko, CA, the USA) (0.70% m/v) 
and locust bean (Kerry, Brazil) (0.20% m/v) gums. Other 
components were: fructose (Vetec, Rio De Janeiro, Brazil), 
aspartame (commercial), citric acid (up to pH 3.0) (Nuclear, 
Brazil), and potassium sorbate (0.5%).

In order to evaluate the influence of the temperature 
used to obtain the jam model system on the stability of the 
anthocyanin extracts, three temperatures were applied 45, 
55, and 65 ºC (treatments 45, 55 and 65, respectively). The 
samples were maintained at room temperature (23 ± 3 °C) for 
384 hours under fluorescent light (40 W lamp, ~2,500 lumens). 
The stability of the anthocyanin pigments in the jam model 
systems was studied through the absorption spectra of the 
samples monitored by UV-VIS absorption spectrophotometry 
in the visible wavelength range of 400 to 700 nm, at regular time 
intervals, until 60% or more of the pigment was degraded. A 
Hitachi U2010 spectrophotometer (Tokyo, Japan) with a 10 mm 
optical path quartz cell was used.

Grape anthocyanins are based on five aglycones that differ 
according to the substitution radicals in the B ring. They are 
found exclusively as 3-glycosides in Vitis vinifera varieties, 
and as 3,5-diglycosides in American species and hybrid 
varieties (V. labrusca, V. riparia, V. ruprestris, among others) 
(HEREDIA  et  al., 1998). The anthocyanin content of grapes 
is between 30 and 750 mg.100g–1 and, as with other plant 
material, it varies greatly according to the cultivar, vintage, and 
environmental factors (BRIDLE; TIMBERLAKE, 1996).

The difficulties encountered when using these pigments 
in the food industry result in low stability since  it is  highly 
dependent on the processing conditions such as pH, light, 
oxygen, enzymes, and temperature, which significantly affect 
the anthocyanin color degradation (MARKAKIS, 1982).

The traditional jam production process uses pectin as 
the gelation agent, which needs high temperatures for the gel 
formation. Various studies have demonstrated that an increase 
in temperature is the main responsible factor for the loss of color 
of these pigments (BORDIGNON-LUIZ et al., 2007; GRIS et al., 
2007; FALCÃO  et  al., 2004; KIRCA; CEMEROGLU,  2003; 
MORAIS et al., 2002; DYRBY; WESTERGAARD; STAPELFELDT, 
2001; BROUILLARD; DUBOIS, 1977).

Polysaccharides are widely used in the food industry for their 
rheological properties. Xanthan is a microbial polysaccharide 
produced by aerobic fermentation of Xanthomonas campestris. It 
is widely used as a food gum because of the following important 
characteristics: high solution viscosity at low concentrations 
(HIGIRO; HERALD; ALAVI, 2006), solubility and stability 
in acidic systems, and interaction with other gums. Xanthan 
shows synergistic interactions with other polysaccharides of the 
galactomannan family leading to an increase in viscosity and gel 
formation (KAYACIER; DOGAN, 2006; RAMÍREZ et al., 2002; 
FENNEMA, 2008). Locust bean gum is a polysaccharide of the 
galactomannan family, a mucilage from the seed endosperm 
of the carob tree Ceratonia siliqua L., and consists of a main 
chain of β-D-mannopyranosyl units joined by (1 → 4) bonds 
with single-unit α-D-galactopyranosyl branches (DEA and 
MORRISON, 1975). The synergistic interaction between 
xanthan and locust bean gums in diluted solution has been 
confirmed by Higiro, Herald, Alavi (2006).

In the food industry, the production of jelly and jam is 
important since they are highly lucrative products and offer an 
alternative use of grapes with low potential in enology (GASPAR; 
LAUREANO; SOUSA, 1998). Reliable rheological data on these 
products are essential for the design, process quality control, 
sensory assessment, stability and consumer acceptance (ABU-
JDAYIL; AL-MALAH; ASOUD, 2002; RAO, 1999).

Changes in consumer alimentary habits have led to the 
evolution of naturally colored food products. The development 
of a jam model system using low temperatures aiming at 
the preservation of the natural color of the grapes and other 
factors such as the flavor and functional properties, is also 
consistent with these trends. The objectives of this study were to 
determine the stability of anthocyanins extracted from Merlot 
(Vitis vinifera L.) and Bordô (Vitis labrusca L.) grapes and the 
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Statistical analysis

The first-order reaction constant (k), half-life time (t½), and 
rheological parameters of the samples under different treatments 
were studied by means of analysis of variance (ANOVA/
MANOVA) with the STATISTICA software version 6.0 (2001) 
(StatSoft, Inc., Tulsa, OK, USA). When a significant difference 
was detected at the 95% significance level, the Tukey test was 
applied. The experiments were carried out in triplicate.

3 Results and discussion

3.1 Stability study of anthocyanins in a jam model system

An anthocyanin stability study was carried out with Merlot 
and Bordô grapes in a jam model system. The total solids 
content of the Merlot and Bordô grapes was determined as 19 
and 18 °Brix, respectively. Tables 1 and 2 show the values for the 
first-order reaction rate constants (k) and half-life time (t½) of 
the anthocyanin pigments in the jam model system, employing 
temperatures of 45, 55, and 65 °C.

Analyzing the t½ values for the anthocyanins, it is clear that 
the pigments extracted from Merlot and Bordô grapes have a 
greater stability (p < 0.05) on applying thermal treatment at 
45 °C (Table 1 and 2). For the treatment at 65 °C, the pigments 
extracted from Bordô grapes had a greater stability than those 
extracted from Merlot grapes (p < 0.05). For the other two 
temperatures, there was no significant difference between the 
Merlot and Bordô grape pigment stabilities (p > 0.05).

For jam model systems manufactured with the crude extract 
from Merlot grapes, the t½ values of the samples submitted 
to treatment 55 show no significant statistical difference for 

For the study of the stability of anthocyanin pigments as a 
function of time in the jam model system, 2 g of sample were 
added to 10 mL of ethanol and then centrifuged at 5,700 g 
(Janetzki K-24, Germany) for 30 minutes. The supernatant was 
filtered through a Whatman No. 2 (Bedford, MA) filter. The 
absorbance was read at the wavelength of maximum absorption 
for the anthocyanin pigments in the visible part of the spectrum 
(540 nm). The first-order reaction constant (k) (Equation 1) and 
the half-life time (t½) (Equation 2) were calculated according to 
Kirca and Cemeroglu (2003) using the equations below:

( )= − ×0ln /tA A k t 	 (1)

1
1/2 ln 0.5t k−= − × 	 (2)

where,
 t = time (hours); 

At = final absorbance (“time t”); and

A0 = initial absorbance (“time zero”).

Rheological measurements

The rheological behavior of the jam model system during 
treatments 45, 55, and 65 was investigated using a Brookfield 
rotational rheometer (Brookfield Engineering Laboratories 
model DV III Ultra, Stoughton, MA, USA) with a concentric 
cylinder (spindle ULA) and collected using a Rheocalc® 32 
software version 2.5 (Brookfield Engineering Laboratories, 
Inc., Middleboro, MA02346, USA). The rheometer was 
thermostatically controlled by a water circulator (TECNAL 
model TE-184, SP, Brazil) at 23 ± 2 °C. The samples remained at 
rest for 15 minutes to ensure stability before being loaded into 
the viscosimeter. Apparent viscosity measurements as a function 
of shear rate were obtained through the linear increase in the 
shear rate from 7.0 to 155.0 (s–1) in the initial 75 minutes with 
a return to 7.0 s–1 in the following 75 minutes. The data were 
evaluated using Origin® software version 6.0 (Microcal Software 
Inc., Northampton, MA01060, USA).

The graph of apparent viscosity (η) versus shear rate (γ) 
becomes linear when plotted on logarithmic coordinates 
(RAO,  1999), and the Power law model could be applied to 
describe the pseudoplastic (shear-thinning) and dilatant (shear-
thickening) fluid data (MANICA; DE BORTOLI, 2004).

The Power law model (Equation 3) is applied to a reasonable 
number of fluids that show non-Newtonian behavior  (JIE and 
KE-QIN, 2006).

( ) 1n
Kη γ −= 	 (3)

where,

η = apparent viscosity (Pa.s); 

K = consistency index (Pa.sn); 

γ = shear rate (s–1); and

n = flow behavior index.

Table 1.  Half-life time (t½) and first-order reaction rate constants (k) 
for anthocyanin pigment in jam model system obtained from Merlot 
grapes.

Treatments t½ (hours) k (s–1)
45 746a 0.9 × 10–3a

55 476a, b 1.5 × 10–3a, b

65 290b 2.5 × 10–3a

All results correspond to the mean of values obtained in triplicate.  
a,b Different letters in a same column indicate that the values differ significantly at the 
5% level (Tukey Test).

Table 2.  Half-life time (t½) and first-order reaction rate constants (k) 
for anthocyanin pigment in jam model system obtained from Bordô 
grape ss.

Treatment t½ (hours) k (s–1)

45 808 a 0.8 × 10–3 a

55 614 b 1.1 × 10–3 b

65 478 c 1.2 × 10–3 c

All results correspond to the mean of values obtained in triplicate.  
a,b,cDifferent letters in a same column indicate that the values differ significantly at the 
5% level (Tukey Test).
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viscous solutions in low concentrations. It is a non-gelling 
polysaccharide that can exist in solution in a rigid, ordered, 
chain conformation (RAMÍREZ et al., 2002).

Xanthan gum is known for its strong interactions with 
galactomanans such as locust bean gum, which results in gel 
formation and, as a consequence, increases the viscosity and 
quality of food products (HIGIRO; HERALD; ALAVI, 2006; 
PAI; KHAN, 2002).

Solutions comprising xanthan gum have more evident 
pseudoplastic behavior than other solutions with different gums 
due to its semi-rigid conformation (MANDALA; SAVVAS; 
KOSTAROPOULOS, 2004).

Similar behavior was reported by Kayacier, Dogan (2006), 
who prepared solutions with different gums, including xanthan 
and guar, and determined the rheological properties of these 
solutions using the Power law model. These authors found 
that the apparent viscosity decreased with an increase in the 
shear rate.

Our results are also in agreement with XUEWU et al., (1994), 
who studied the rheological behavior of xanthan gum at different 

treatments 45 and 65 (p > 0.05). Treatments 45 and 65 showed 
statistically significant differences for the t½ values (p < 0.05); 
treatment 45 conferred greater stability on the anthocyanin 
pigments, with a longer t½ value. These results are in agreement 
with Kirca; Cemeroglu (2003), who investigated, among other 
factors, the influence of different temperature ranges on the 
thermal stability of anthocyanins from blood and concentrate 
orange juice at concentrations of 11.2, 45, and 69 ºBrix. The 
kinetic parameters showed that anthocyanin degradation 
increased with an increase in temperature. The t½ values for 
anthocyanins of a 45 ºBrix concentrate were 55.7, 9.7, and 2.1 h 
at 5, 20, and 37 °C, respectively, while these values decreased 
to 3.4, 1.3, and 0.7 hours when the temperatures were raised to 
70, 80, and 90 °C, respectively.

For the jam model system produced with the crude extract 
from Bordô grapes, the t½ values of the samples submitted 
to treatment 55 showed no significant statistical difference 
from those submitted to treatment 65 (p > 0.05). However, 
for treatment 45 there was a significant difference in the t½ 
values (p < 0.05), indicating greater stability of the anthocyanin 
pigments; with a higher t½ value and a lower k value for the 
jam model system. The processing temperature increase 
resulted in a high degradation of the anthocyanin pigments. It 
is important to observe that these results were obtained under 
what is considered “stress” conditions for anthocyanins (light 
and ambient temperature of 23 °C).

The flavylium cation is stable at low temperatures. According 
to Brouillard, Dubois (1977) an increase in temperature leads to 
the breaking of the flavylium cation ring, which is converted into 
the chalcone form, of yellow color. Considering the anthocyanin 
stability during the jam storage, temperatures of 45 °C conferred 
higher stability in relation to the other temperatures evaluated 
(Tables 1 and 2). Our results are consistent with those reported 
by Watanabe et al. (1991) who studied a new method for 
producing non-heated jam samples and verified that the low 
processing temperature maintained the jam color and fresh 
flavor properties. Using freeze concentration and high-pressure 
sterilization, these authors proposed a method for producing 
non-heated jam. Jam color properties observed in the non-
heated samples and those subjected to conventional heating 
were: brightness (L value) 7.8 and 7.2, red (a value) 15.2 and 
13.4, and yellow (b value) 5.8 and 5.4, respectively.

Rheological measurements

The flow behavior of the model system produced with 
extracts from Merlot and Bordô grapes was evaluated. 
Apparent viscosity values as a function of increasing shear 
rate for the different jam model systems obtained using 45, 
55, and 65 °C are shown in Figure 1. The flow curves for 
these systems demonstrated behavior characteristic of non-
Newtonian fluids and pseudoplastic rheology, as also reported 
by Watanabe et al., 1991, who observed this behavior in the 
manufacture of non-heated strawberry jam samples.

The samples have pseudoplastic flow properties, which 
indicates that their viscosity decreases as the shear rate 
increases (Figures 1a and 1b). Xanthan gum produces highly 
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Figure 1. Effect of the shear rate on the apparent viscosity of the jam 
model systems manufactured with red grapes of the Merlot (Vitis 
vinifera L.) (A) and Bordô (Vitis labrusca L.) (B) varieties at 45; 55, 
and 65 °C.
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chains followed by a progressive decrease in the rigidity of the 
(1-4)-β-D-glucan chain as the temperature increases from 40 
to 60 °C.

An important characteristic of the apparent viscosity/shear 
rate ratio is the occurrence of hysteresis, that is, the area between 
the downward curves (decreased shear rate) and upward curves 
(increased shear rate) indicating that the samples are time-
dependent (TÁRREGA; DURAN; CISTELL, 2004), and the 
greater the area, the stronger the correlation with the thixotropy 
of the product. The evaluation of the flow behavior of different 
jam model systems resulted in hysteresis proportionally to the 
increase in gel formation temperature. The greater interaction 
between these gums resulted in the formation of a gel with a 
firmer structure, and consequently, with greater hysteresis. This 
can be observed for the jam model systems obtained with Merlot 
grape extracts in Table 4.

4 Conclusions
An important factor to be considered in jam production 

is temperature. In this study, jam samples obtained at 45 °C 
showed the best results for anthocyanin pigment half-life time, 
indicating that it is possible to improve the color stability using 
low temperatures during jam processing. However, in relation to 
the rheological properties we observed that the best consistency 
for the jam model systems was obtained at 65 °C and the lowest 
consistence at 45 °C. Future research should be carried out to 
obtain an ideal consistency and greater anthocyanin stability.
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65 3,716.25
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