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ABSTRACT 

Thermal food processing, which causes the alteration and decomposition of natural pigments, especially 
anthocyanins, often leads to its lower stability. This study aimed to determine the effect of ascorbic acid 
and citric acid and the combination of these two chemicals on the thermal stability of the anthocyanin in the 
raspberry-pomegranate-banana nectar during heating at different temperatures (85°C, 90°C, and 95°C) and also 
investigated the influence of storage conditions (8°C ± 2°C and 28°C ± 2°C) on the stability of anthocyanin in 
the product. Anthocyanin degradation during heating as well as storage was followed by a first-order kinetic 
model with a high coefficient of determination (R2 > 0.94) and low root-mean-square error (RMSE < 0.015). 
By combining ascorbic acid and citric acid used in the nectar, anthocyanin showed more stability during 
pasteurization. It was found that the highest anthocyanin stability during storage was obtained at 8°C ± 2°C and 
the half-life was 11.76 weeks.

1. INTRODUCTION
Raspberry and its products are of interest because of their phenolic 
components, especially quercetin and ellagic acid. Currently, there 
is increasing interest in raspberries as a source of antioxidants, 
such as anthocyanins, catechins, flavonols, flavones, and ascorbic 
acid, as they may protect against a variety of diseases [1]. 
Moderate consumption of raspberry juice may help prevent the 
development of early atherosclerosis, with underlying mechanisms 
involved in improving antioxidant status [2]. Pomegranate may 
help prevent or treat various disease risk factors including high 
blood pressure, high cholesterol, oxidative stress, hyperglycemia, 
and inflammatory activities. The antioxidant potential of 
pomegranate juice is greater than that of red wine and green tea 
[3]. Pomegranate juice can reduce macrophage oxidative stress, 
free radicals, and lipid peroxidation. Furthermore, pomegranate 
extract suppresses cell growth and induces apoptosis (the process 
of cell death of multicellular organisms), which may lead to its 
anticancer effects. In addition, pomegranate extract inhibits several 

inflammatory markers and suppresses the inflammatory process 
through ellagitannin [4]. Bananas are common for their aroma 
and taste, being consumed mainly as fresh fruit. Bananas are very 
susceptible to spoilage due to rapid decomposition when ripe and 
inadequate cold storage techniques. A considerable amount of this 
fruit is wasted due to improper processing and storage techniques 
[5]. Most bananas are generally not suitable for the fresh market 
because they are too ripe to be shipped. The banana fruit can 
compete in the market as a banana juice or a blend with other 
juices because it is prized for its taste and nutritional value [6].

Nectar is a beverage prepared from the juice or pulp of one or 
more fruits, plus water and sugar in concentration, resulting in an 
“instant drink” product. Recently, the market for such products 
has expanded dramatically. Juice blends have a wide range of 
advantages, such as the combination of different odors and flavors 
and their nutritional components [7]. Current research suggests 
that a diet rich in bioactive compounds which are provided in 
fruits and vegetables may play an important role in protecting the 
body from degenerative diseases [8,9]. By combining fruit juices 
including raspberry, pomegranate, and banana, a new product 
has been created with high nutritional and sensory properties, 
especially the natural sugar source from bananas and anthocyanins 
from red raspberries and pomegranates.
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Anthocyanins are a group of naturally occurring phenolic 
compounds, which are responsible for the attractive colors of 
many flowers, fruits (particularly in berries), and vegetables and 
related products derived from them. Heat treatment is one of the 
most widely used methods of preserving and extending the useful 
shelf life of foods. It is also one of the most important factors that 
affect the stability of anthocyanins. There are many influencing 
factors on anthocyanin stability such as temperature, pH, the 
chemical structure of the anthocyanin compound, UV light, 
oxygen, oxidative and hydrolytic enzymes, and proteins [10]. The 
thermal stability of anthocyanins could be improved by increasing 
the anthocyanin concentration or by removing oxygen or oxidizing 
enzymes during processing [11]. Moreover, some research studies 
showed that the higher stability of anthocyanin was found under 
acid conditions (natural presence of acid in fruit or by adding other 
sources) [12,13]. Accurate knowledge of the kinetic parameters is 
essential to predict the quality changes that occur during thermal 
processing and storage. Therefore, the main objective was the 
evaluation of thermal degradation of anthocyanins from nectar 
during heating at a temperature range between 85 and 95°C and 
storage at 8 ± 2 and 28 ± 2°C on the kinetic basis.

2. MATERIALS AND METHODS

2.1. Materials
Raspberry was supplied from Bio Fresh Limited Company, Lam 
Vien Square, Ward 10, Da Lat City, Lam Dong Province. Raw 
materials were washed and put into PA bags, stored in a freezer 
for further study.

Pomegranate was bought from Xuan Khanh Market, Xuan Khanh 
Ward, Ninh Kieu District, Can Tho City. Raw materials were 
peeled and put into PA bags, stored in a freezer for the research.

Bananas were purchased from the orchard in Phong Dien District, 
Can Tho City, Vietnam. Refined sugar (Bien Hoa Sugar Joint 
Stock Company) was purchased at Coopmart-Can Tho. Food-
grade citric acid and ascorbic acid were used.

2.2. Preparation of Raspberry-Pomegranate-Banana Nectar
The frozen raspberries were ground in water with a ratio of fruits 
and water of 1:3 (w/v).

The peeled bananas were washed with tap water, hydrolyzed 
with pectinase at a concentration of 0.05% for 120 minutes, and 
supplemented with ascorbic acid at a concentration of 1,000 ppm 
at ambient temperature [14].

The pomegranate seeds were hydrolyzed by pectinase at a 
concentration of 0.2% for 60 minutes at ambient temperature [15]. 
The juice was obtained from the filtration process.

All the extracts were combined in nectar processing (mixed nectar) 
with a ratio of raspberry, pomegranate, and banana of 45:28:27 
(%), respectively. The total soluble solid content of the mixed 
nectar was 12°Brix.

The experiment was designed with A1: mixed nectar (control 
sample), A2: mixed nectar with 200 ppm (w/v) ascorbic acid, A3: 

mixed nectar with 200 ppm (w/v) citric acid, and A4: mixed nectar 
with 100 ppm (w/v) ascorbic acid and 100 ppm (w/v) citric acid.

2.3. Degradation Kinetic Studies
Kinetic degradation of anthocyanin was determined at different 
temperatures (85°C, 90°C, and 95°C) for 11 minutes. A glass 
tube filled with 15 ml combined nectar was capped and 
covered with aluminum foil before being placed in a water 
bath (Memmert, Germany) at the desired temperature. After 
heating for 0 (control), 3, 5, 7, 9, and 11 minutes, the sample 
was rapidly cooled in iced water (0°C) for 5 minutes to stop the 
reaction. Total anthocyanin content was determined by the pH-
differential method [10]. Briefly, 1 ml of the extract was reacted 
with potassium chloride buffer (0.0025M, pH 1.0) and sodium 
acetate buffer (0.4M, pH 4.5). The mixture was incubated for 15 
minutes at ambient temperature. The absorbance of each dilution 
was measured at 510 and 700 nm on a blank cuvette filled with 
distilled water. The calculation of total anthocyanin is based on the 
equation described by Giusti and Wrolstad [10].

The stability of anthocyanins was reported in terms of 
degradation rate constant and half-life. Zero-order and first-
order kinetic models were explored and the model that best fit 
the results was selected based on the highest R2 and the lowest 
root-mean-square error (RMSE) values [16]. These statistical 
values can be calculated as in the following equation 1 and 2, 
respectively:

  
 (1)

, (2)

where Mexp,i and Mpre,i are the experimental and predicted data at 
observation i and N is the number of the experimental data points. 

The degradation rate of anthocyanin during thermal processing 
and storage could be described by zero-order and first-order 
models (Equation 3 & 4) under constant temperature condition:

C = − kt + Co, (3)

ln (C/Co) = − kt, (4)

where Co is the initial concentration of anthocyanin (mg/l), C 
is anthocyanin content at the treatment time (mg/l), k is the 
degradation rate constant (minute−1/week−1), and t is the treatment 
time (minute/week). 

The half-life (t½) of the reaction (minute/week) was calculated 
assuming the first-order kinetics according to equation 5 and 6.

for zero-order kinetic:  t½ = Co/2k,  (5)

for first-order kinetic: t½ = ln(2)/k. (6)

The Arrhenius model (Equation 7) was used to describe the 
temperature dependence of degradation rate constants and the 
activation energy (Ea, kJ/mol) [16]:
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k = ko expu ( -Ea

RT
) (7)

where ko is the frequency factor (per minute), Ea is the activation 
energy (J.mol−1), R is the universal gas constant (8.314 J.mol−1.
K−1), and T is the absolute temperature (K).

After selecting the heating temperature and the sensory test, the 
selected sample was chosen for storage at 8°C ± 2°C and 28°C ± 
2°C. The change of anthocyanin was also tested during an 8-week 
storage period.

2.4. Statistical Analysis of Data
All experiments were performed in triplicate and the results 
were expressed in terms of average values. Statistical analysis of 
the data was performed using the data analysis tool pack of the 
Microsoft Excel software and STATGRAPHICS Centurion XV.I 
(USA). The coefficient of determination and RMSE were used as 
criteria for adequacy of fit.

3. RESULTS AND DISCUSSION

3.1. Model Fitting
The degradation of total anthocyanin of the mixed nectar was studied 
and fitted with two common empirical models. Kinetic models are 
often used as a fast and economic assessment of food safety. The 
influence of processing on critical quality parameters may also be 
employed by kinetic modeling. Knowledge of degradation kinetics, 
including reaction order, rate constant, and activation energy, is of 
great importance to predict food quality loss during thermal process 
treatment [10,11,16]. It was observed that the initial anthocyanin 
content of samples was 30.615 ± 0.192 mg/l. A general decline 
trend was obtained in the anthocyanin retention of the mixed nectar 
after thermal processing. Heating caused the loss of anthocyanin 
in the product, ranging from 43.34% to 52.42%, from 25.45% to 
36.38%, from 35.54% to 39.72%, and from 22.19% to 33.11% 
corresponding to samples A1, A2, A3, and A4 after the temperature 

increased from 85°C to 95°C. The heat processing of the product 
should be controlled to maintain more bioactive compounds in the 
product [16]. The kinetics of anthocyanin composition change in 
four samples was fitted by zero-order and first-order models, which 
are shown in Table 1. 

All models presented determination coefficient values (R2) 
close to 1, which showed a good fit between the predicted and 
observed data. The goodness of fit of the model was qualified by 
the coefficient of determination and RMSE. It could be seen that 
the first-order model showed higher R2 and lower RMSE. The 
first-order model has been commonly used to describe nutrient 
degradation such as anthocyanins which have been applied in 
different products [17–19]. Therefore, the first-order model could 
describe the effect of thermal processing on anthocyanin content 
in the mixed nectar.

The degradation rate (k) increases as the temperature increases, 
demonstrating that the greater the temperature, the greater the 
anthocyanin degradation (Fig. 1).

The k values (10−2) varied from 5.67 to 7.56, from 2.58 to 4.67, from 
3.82 to 5.48, and from 2.18 to 4.06 minute−1 for samples A1, A2, A3, 
and A4, respectively, at 85°C–95°C. A significant increase in the rate 
of degradation was observed with increasing time; it was similar to 
the study of Charurungsipong et al. [16]. The rate of anthocyanin 
degradation upon heating increased because the reacting molecules 
were closer together [20]. Given the values of the degradation rate 
constants, it can be stated that monomeric anthocyanins degrade 
with the highest rate, due to oxidation, cleavage of covalent bonds, 
or enhanced oxidation reactions due to thermal processing [21]. 
Probably during heat treatment, anthocyanins or their conjugated 
sugars are broken down into small molecules such as aldehydes and 
benzoic acid derivatives or their corresponding anthocyanidins. In 
addition, the lowest and highest rates of degradation were observed 
in sample A4 (100 ppm ascorbic acid and 100 ppm citric acid added) 
and sample A1 (without the addition of ascorbic acid and citric 
acid), respectively. In addition, the lower k value was achieved in 
sample A2 in the comparison between samples A2 and A3. It could be 
concluded that a protective effect of the mixed nectar was observed 

Table 1: Parameters used to evaluate the performance of selected models to describe anthocyanin degradation in the mixed 
nectar at different temperatures. 

Sample
Temperature 

(°C)

Zero-order model First-order model

k (minute−1) R2 RMSE k (minute−1) R2 RMSE

A1: mixed nectar 85 1.373 0.934 2.893 0.0567 0.969 0.085

90 1.555 0.951 2.829 0.0671 0.988 0.063

95 1.703 0.892 4.474 0.0756 0.951 0.140

A2: mixed nectar with 200 
ppm ascorbic acid

85 0.701 0.988 0.705 0.0258 0.981 0.034

90 1.015 0.992 0.787 0.0396 0.989 0.038

95 1.178 0.916 2.763 0.0467 0.951 0.086

A3: mixed nectar with 200 
ppm citric acid

85 0.991 0.989 0.877 0.0382 0.996 0.021

90 1.148 0.900 3.025 0.0453 0.921 0.110

95 1.346 0.815 4.504 0.0548 0.876 0.154

A4: mixed nectar with 100 
ppm ascorbic acid and 100 
ppm citric acid

85 0.602 0.956 1.285 0.0218 0.944 0.053

90 0.804 0.974 1.246 0.0302 0.951 0.067

95 1.045 0.957 1.872 0.0406 0.961 0.065
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in the samples with the combination of ascorbic acid and citric acid. 
The previous studies reported that the higher stability of anthocyanin 
was found under acidic conditions. It can be noticed that the presence 
of acid and sugar and their combination had a positive influence on 
the stability of anthocyanins’ thermal degradation [12,13]. In food 
processing, ascorbic acid and citric acid have been used as an acidifier 
and antioxidant compound which can help to not only balance taste 
between sweet and sour in the product but also protect the color 
or control the browning and degradation process during thermal 
processing [22,23]. Shaheer et al. [24] reported that the presence of 
an acidifier such as citric acid and ascorbic acid created the higher 
anthocyanin thermostability due to the diacylation of structure. In 
addition, the acylation sites as well as the types and numbers of acyl 
groups influence the stability of acylated anthocyanins to different 
degrees. The higher stability of nectar anthocyanins in sample 
A4 than others could be attributed to the presence of much higher 
amounts of acylated anthocyanins due to the combination of two 
kinds of acidifiers. Moreover, some previous studies also supported 
that the presence of inter- and intramolecular copigmentation with 
other moieties and polyglycosylated and polyacylated anthocyanins 
provides greater stability to the change of temperature, pH, and light 
[24]. Therefore, it seems that the different susceptibilities of fruit 
nectar anthocyanins to heat treatment might be caused by both the 
different anthocyanin forms and the interactions of the constituents of 
the fruits. Anthocyanin stability is also related to the water activity of 
the product; anthocyanin stability is higher when sugar is added due 
to the reduction of water activity [25]. 

The half-life and activation energy following the first-order model 
were calculated and are shown in Table 2. The half-lives of the four 
mixed nectars were in the ranges 9.169–12.225, 14.483–26.866, 
12.649–18.145, and 17.073–31.796 minutes in samples A1, A2, A3, 

and A4, respectively. The t½ (half-life) of anthocyanin in the mixed 
nectar increased with increasing treatment temperature. Anthocyanins 
are a natural colorant and thus they are easily degraded during heating. 
Nielsen et al. [26] suggested that anthocyanin pigment was changed 
to brown color when the product was heated at a high temperature. 
Many studies reported similar results where the rate of degradation 
increased during thermal processing due to the modification and 
degradation of the chemical structure of anthocyanin [27,28]. 

The activation energy (Ea) was determined using the slope of the 
straight line obtained by plotting -ln(k) against 1/T, according to 
Equation (7). The activation energy (Ea) for anthocyanin was calculated 
as 30.84, 63.72, 38.65, and 66.64 (kJ/mol), respectively, for A1, A2, A3, 
and A4. Activation energy, Ea, is the minimum energy that molecules 
must have in order to react to form products. The estimated Ea values 
of the four samples were almost lower than in some previous reports. 
Kırca and Cemeroğlu [29] reported that the Ea values for anthocyanins’ 
thermal degradation in blood orange juice and concentrate were ranged 
from 73.2 to 89.5  kJ/mol at 70°C–90°C, Ea value of 64.89  kJ/mol for 
anthocyanins’ degradation at the temperature ranged from 70°C to 
90°C in grape juice [30], and Ea value of 72.74  kJ/mol for the thermal 
degradation of Bordo grape anthocyanins between 70°C and 90°C 
[31]. Since a high activation energy value indicates a higher sensitivity 
of the reaction rate to temperature, the degradation of anthocyanins in 
the mixed nectar with the presence of a combination of citric acid and 
ascorbic acid seemed to be less susceptible to temperature increase in 
comparison with others.

3.2. Effect of Storage Temperature on Anthocyanin Content 
of Product
The pasteurization process is designed to achieve the goal of killing 
pathogenic and spoilage microorganisms [32]. Heat pasteurization 

Figure 1: Degradation of anthocyanin of the mixed nectar during thermal processing as described by the first-order 
kinetic model. A1: mixed nectar (control sample), A2: mixed nectar with 200 ppm ascorbic acid, A3: mixed nectar with 

200 ppm citric acid, and A4: mixed nectar with 100 ppm ascorbic acid and 100 ppm citric acid.
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can cause color degradation, the appearance of strange color, odor, 
or taste, and loss of organoleptic value of fruit juices [33]. As per the 
obtained results, at 85°C, the lowest degradation of anthocyanin in 
the mixed nectar was found. When the product was heated over 5 
minutes, the obtained sample has the acceptable levels of microbial 
according to TCVN 7041:2002 standard. when the product was 
heated over 5 minutes. A sensory test showed that the 7 minutes 
pasteurized raspberry-pomegranate-banana nectar gave the best 
sensory value, does not produce a cooking smell when drinking, 
and achieves high homogeneity. For the raspberry-pomegranate-
banana nectar, the product was tested for storage time at different 
temperatures (8°C ± 2°C and 28°C ± 2°C) for 8 weeks (Fig. 2). 
Anthocyanin content tended to decrease during storage, and the 
samples stored at cool temperature (8°C ± 2°C) maintained higher 
anthocyanin content than that of the samples stored at ambient 
temperature (28°C ± 2°C). By fitting with the first-order kinetic 
model, the obtained degradation rate constants were 0.0591 and 

0.1548 (week−1) for the sample storage at 8°C ± 2°C and 28°C ± 
2°C, respectively (Table 3). As the storage temperature increases, 
the corresponding k value also increases. The obtained results are 
in agreement with those from the previous studies which showed 
that storage degradation of anthocyanins from various products is 
described by first-order reaction kinetics [18,20,29].

Specifically, the initial anthocyanin in the nectar was 27.27 mg/l. In 
the first week of storage, anthocyanin content in products stored at 
cool and room temperatures was 26.72 and 24.27 mg/l, respectively. 
By the fourth week, a general rapid decrease trend in anthocyanin was 
observed; this content of the product at room temperature was only 
18.37 mg/l, while the anthocyanin content of the product at 8°C ± 
2°C was 1.45 times higher than the sample stored at 28°C ± 2°C. By 
the eighth week, at 28°C ± 2°C, this content decreased significantly 
to 5.62 mg/l whereas, at 8°C ± 2°C, the anthocyanin content of the 
product remained higher (2.72-fold higher). This decrease could 
be explained by the strong impact of the storage environment 

Table 2: Kinetic parameters for thermal degradation of anthocyanin in the mixed nectar following the first-order model.
Sample Temperature (°C) t½ (minute) Ea (kJ/mol) R2

A1: Mixed nectar

85 12.225

30.84 0.99190 10.330

95 9.169

A2: Mixed nectar with 200 ppm 
ascorbic acid

85 26.866

63.72 0.94290 17.504

95 14.843

A3: Mixed nectar with 200 ppm 
citric acid

85 18.145

38.65 0.99890 15.301

95 12.649

A4: Mixed nectar with 100 ppm 
ascorbic acid and 100 ppm citric 
acid

85 31.796

66.64 0.99990 22.952

95 17.073

Figure 2: The change of anthocyanin in the mixed nectar during storage at different 
temperatures.

Table 3: The degradation rate constant (k) and half-life (t1/2) of anthocyanin in the mixed nectar in storage.
Temperature (°C) k (week−1) R2 t½ (week)

8 ± 2 0.0591 ± 0.004 0.9637 11.76 ± 0.82

28 ± 2 0.1548 ± 0.013 0.9457 4.50 ± 0.38
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temperature leading to a significant change in anthocyanin content 
in the product. This result was similar to that reported by Kopjar et 
al. [34], where the loss of anthocyanin content in the strawberry jam 
when it was stored at 4°C was higher than in those stored at room 
temperature. Bakker et al. [35] found that strawberry puree and juice 
lost almost 50% anthocyanin content after 3 weeks of storage at 20°C, 
while there was little or no change in content in the sample that was 
kept at low temperature (−20°C) after 8 weeks. 

The anthocyanin content of the product was strongly degraded at 
28°C ± 2°C after 8 weeks of storage, causing the nectar to lose its 
red color, and at the same time, the signs of oxidation began to 
appear, causing the product to turn brown, while in cool conditions 
(8°C ± 2°C) the nectar retained its bright red color after 8 weeks 
of investigation (Fig. 3). In addition, anthocyanin content is also 
sensitive to pH because nectar products have a low pH of 3.8 
± 0.2, so to avoid darkening a moderate temperature should be 
chosen for pasteurization and storage [36,37]. Factors affecting the 
stability of anthocyanin content can be actively controlled such as 
direct light shining on and storing products at low temperature to 
limit the reactions that decompose color pigments [22]. As shown 
in Table 3, the half-lives of anthocyanin in the combined nectar at 
8°C ± 2°C and 28°C ± 2°C were 11.76 and 4.5 weeks, respectively. 
At low temperatures, mixed nectar anthocyanins are ~3 times less 
susceptible to degradation than they are at a higher temperature. It 
could be concluded that the stability of anthocyanin in the mixed 
nectar was high at low temperatures. After 8 weeks, the sensory 
characteristics of these products remained (data were not shown).

4. CONCLUSION
The kinetics of anthocyanin degradation during heat processing 
as well as storage at different temperatures followed a first-order 
kinetic model, so anthocyanin changes could be fully predicted. 
From the results obtained, it is recommended that the product be 
added to 100 ppm ascorbic acid combined with 100 ppm citric acid, 
heated at 85°C for 7 minutes, and stored at 8°C ± 2°C to ensure 
the maintenance of product quality and sensory value. By using the 
acquired models, the producer or consumer could assess the quality 
of the product during processing and storage, and they are applied 
to predict the quality change of the product in industrial production.
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