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Abstract

The aim of this study was to monitor antioxidant properties of commercial orange beverage during storage. For that purpose, 
special attention was paid to ascorbic acid, total flavonoids, total polyphenols, hydrogen peroxide scavenging capacity, ferric reducing 
capacity and ferric chelating capacity. The results showed that there was a decline as well as in antioxidants and antioxidant activity; 
however, low temperature storage, allowed stability. Statistical analysis showed a significant positive linear relationship between 
antioxidant and antioxidant capacity. Data obtained in this study suggested that low temperature storage maintained higher antioxi-
dant content and higher levels of antioxidant capacity.
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Introduction
Nowadays, natural antioxidants have attracted considerable interest among nutritionists and food manufacturers because of their 

presumed safety and potential therapeutic value [1].

Fruits and vegetables consumption have been shown by multiple epidemiology studies to reduce the risk of chronic diseases such as 
cancer and heart disease [2,3]. Fruits are particularly interesting because they are rich in antioxidants and can be consumed on various 
occasions either as fresh, dried or processed like jam, jelly, juice, etc [4].

Orange fruit is native from China and are widely adapted to Mediterranean climate; they are consumed around the world due to its 
pleasant and delightful aroma [5].

The degradation of some bioactive compounds such as ascorbic acid, total phenolic compounds and total flavonoids might be a critical 
factor for fruit beverages quality, since these substances undergo destruction during storage [6-9].

Long-term stability is often required. It involves chemical and physical stability and includes the prevention of degradation reactions 
[10]. To our understanding, long-term stability is dependent mainly on the formulation, the knowledge of the degradation ways, and the 
storage conditions.

The objective of this study was to investigate the effects storage on antioxidant properties of commercial orange beverage.

Materials and Methods
Samples

Commercial orange beverage used in this investigation had shelf life at room temperature of up to 12 months, as declared on the label 
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by the producer. Three lots of samples (cartons tetra brick of 1 L) were divided into three groups; the first group was stored at 5°C, the 
second at 25°C and the third at 37°C. The tested parameters were determined after 1, 2, 4, 8 and 16 weeks of storage. The values of as-
sessed parameters before storage were considered as control and represented by one hundred percent.

Chemicals

2,6-dichlorophenolindophenol (DCPIP) were purchased from SigmaChemical (Sigma–Aldrich GmbH, Germany), Folin-Ciocalteu phe-
nol reagent from Biochem, Chemopharma (Montreal. Quebec) and ferrozine from Sigma–Aldrich (Sternheim, Germany). All chemicals and 
solvents used were of analytical grade.

Bioactive compounds

Ascorbic acid

Ascorbic acid content was determined by the method using DCPIP reagent [11]. One millilitre of sample was added to 9 mL of 2.6-di-
chloro-indophenol (15 µg/mL). The absorbance was read at 515 nm and result expressed as mg ascorbic acid equivalent (AAE) per 100 
mL of beverage.

Total polyphenols

Total polyphenols content was determined according to Singleton and Rossi method [12]. Aliquots (200 µL) of sample was added to 1 
mL of Folin–Ciocalteu reagent (10%) and 800 µL of sodium carbonate solution (7.5%). The absorbance was recorded at 765 nm and result 
expressed as mg gallic acid equivalent (GAE) per 100 mL of beverage.

Total flavonoids

Total flavonoids content was determined according to the method reported by Quettier-Deleu., et al. which consist to mix Aluminium 
chloride reagent to sample (v/v) [13]. The absorbance was recorded at 430 nm after incubation for 10 min and result expressed as mg 
quercetin equivalent (QE) per 100 mL of beverage.

Antioxidant activities

Ferric reducing capacity

Ferric reducing capacity was assessed according to the method described by Oyaizu [14]. Briefly, 2.5 mL of sample were incubated 
(20 min at 50°C) after adding 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of potassium ferricyanide (1%); then, 2.5 mL of TCA 
(10%) were added. After centrifugation, 2.5 mL of the upper layer were diluted with distilled water (v/v) and 500 µL of AlCl3 (0.1%) were 
added. The absorbance was recorded at 700 nm and result expressed as mg ascorbic acid equivalent (AAE) per 100 mL of beverage.

Ferric chelating capacity

Ferric chelating capacity was assessed according to the method reported by Dinis, Madeira and Almeida [15]. Volume of sample was 
mixed with same volume solution of FeCl2 (1 mM) and ferrozine (0.25 mM). The absorbance was read at 562 nm after incubation (10 min). 
The result was calculated using the following equation: (%) = [(Ac-As)/Ac] x 100 (A), where Ac and As are the absorbance of the control and 
the absorbance of the sample, respectively.

Hydrogen peroxide scavenging capacity

Hydrogen peroxide scavenging capacity was assessed according to the method described by Ruch, Cheng and Klaunig [16]. [Volume of 
1.5 mL of sample was added to 1 mL of H2O2 (40 mM) prepared in phosphate buffer (0.1 M, pH 7.4). The absorbance was measured at 230 
nm after incubation (10 min) and result calculated by using the equation (A).
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Statistical analysis

The results were submitted to a bi-factorial (time and temperature) analysis of variance (ANOVA). The mean values were compared us-
ing the least significant difference test (LSD) at 5% level using infostat software. All the test were performed in triplicates and the results 
average (n = 3). Finally, Pearson’s correlation analysis was performed on the studied parameters.

Results and Discussion

Effect of storage on bioactive compounds

Ascorbic acid

The degradation reactions of ascorbic acid are often responsible for significant quality changes that occur during the storage of foods; 
hence, the loss of ascorbic acid might be a quality indicator and a critical factor for the shelf life [17]. Titration with 2,6-dichlorophenolin-
dophenol is a rapid, easy and cheap method, so it has been widely used for the determination of ascorbic acid.

Based on the results presented in figure 1a, storage at 5°C showed loss lower than 13% while storage at 25°C induced 37.75% of 
decrease; however, the marginal decrease was happened at 37°C (> 70%). Moreover, beverage samples kept for 16 weeks showed more 
than six times loss between 5 and 37°C, and more than three time between 5 and 25°C. At the end of storage, the retention of ascorbic acid 
content was 87.78, 62.25 and 24.16 % under 5, 25 and 37°C, respectively. In this line, Silveira., et al. reported 26 and 35% loss of initial 
ascorbic acid value at 5°C after 7 days storage for cantaloupe and galia juices, respectively [18]. According to Zulueta., et al. ascorbic acid 
content of juice-milk beverage decreased by 30.56 and 48.02% after 35 day of storage under 5 and 10°C, respectively [19]; while Tiwari., 
et al. reported 23.8 and 47.71% of ascorbic acid loss for strawberry after 10 days of storage at 4 and 20°C, respectively [20]. Likewise, 
the retention of ascorbic acid content assessed in the present study was higher than that obtained by Klimczak., et al. [21]; according to 
these authors, orange juice ascorbic acid content decreased by 21, 31 and 81% after 6 months of storage at 18, 28 and 38°C, respectively. 
Different retention potencies with regard to ascorbic acid due depending on the processing techniques, ingredients added and packaging. 

Total polyphenols

A number of studies have shown that the presence of phenolics in food and especially in fruit can be particularly important for consum-
ers, because of their beneficial health properties. Besides antioxidant effects, phenolic compounds possess a wide spectrum of biochemi-
cal properties and also can have a beneficial effect in preventing the development of diseases such as cancer and cardiovascular diseases 
[22].

From figure 1b, orange beverage stored at 5 and 25°C exhibited no significant decrease of total polyphenol content (< 4 and 11%, re-
spectively) even at the end of storage; whereas, storage at 37°C induced the highest decrease which occurred after 8 weeks with 19.39%. 
Furthermore, at the end of storage there was no significant increase of total polyphenol content. This fluctuation might be due to the 
formation of some compounds during storage that were able to react with the Folin-Ciocalteu and then enhance the amount of this anti-
oxidant. Moreover, beverage kept for 8 weeks showed more four times total polyphenol content loss between 5 and 37°C and more than 
three times between 5 and 25°C. At the end of storage, the retention of total polyphenol content was 96.07, 89.94 and 83.65% under 5, 
25 and 37°C, respectively. Unlike to our findings, Odriozola-Serrano., et al. observed that there were significant differences in total poly-
phenol content of tomato juice during storage at 4°C regardless the applied treatment [23]. Nevertheless, the results presented were in 
line with those reported by Fischer, Dettmann, Carle, Kammerer who found that total polyphenol content of pomegranate juice decreased 
significantly after 6 months of storage at 20°C [24]. 

Total flavonoids

Flavonoids play an important role in normal growth, development, and defense of plants [25]; furthermore, it has been recognized that 
flavonoids show antioxidant activity and their effects on human nutrition and health are considerable [26].
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From figure 1c which represents the evolution of total flavonoid content of orange beverage during storage, total flavonoid content re-
mained very stable at 5°C even after 16 weeks; while at 25 and 37°C, significant differences were observed after 8 and 1 weeks, respective-
ly. Moreover, beverage samples kept for 16 weeks showed more than five times loss between 5 and 37°C, and less than two times between 
5 and 25°C. At the end of storage, the retention of total flavonoid content was 89.47, 81.95 and 47.37% under 5, 25 and 37°C, respectively.

Figure 1: Acid ascorbic (a), total polyphenols (b) and total flavonoids (c) contents of orange beverage during storage.
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Effect of storage on assessed antioxidant activities

Evaluation of the total antioxidant capacity cannot be performed accurately by any single test due to the complex nature of phyto-
chemicals [27,28]; so many methods have been proposed to evaluate the antioxidant potential of natural antioxidant source. Usually, 
these methods measure the ability of antioxidants to chelate metal ions, scavenge reactive oxygen species (ROS) or inhibit lipid peroxida-
tion. In the present work, three antioxidant activity assays (FRP, FCC and HPSC) were used to evaluate the antioxidant capacity of orange 
beverage.

Ferric reducing capacity

One of the three methods used to assess the antioxidant capacity of orange beverage was the reducing capacity. This latter was based 
on the presence of reductants, which cause the reduction of the Fe3+/ferricyanide complex to the ferrous form; and the Fe2+ was moni-
tored by measuring the formation of Perl’s Prussian blue at 700 nm [29].

The evolution of ferric reducing capacity of orange beverage during storage was presented in figure 2a. Orange beverage stored at 5 
and 25°C exhibited significant decrease only after 8 weeks of storage while at 37°C it was occurred after 1 week. Moreover, beverage kept 
for 16 weeks showed more two times loss between 5 and 37°C, and more than one time between 5 and 25°C. At the end of storage, the 
retention of ferric reducing capacity was 85.13, 72.52 and 37.45 % under 5, 25 and 37°C, respectively.

Ferric chelating capacity

Elemental species such as ferrous iron (Fe2+) can facilitate the production of ROS and lipid peroxidation within animal and human 
systems; hence, the ability of substances to chelate iron can be a valuable antioxidant capacity. The chelating effect of ferrous ions by the 
investigated beverage was determined according to the method of Dinis., et al. [15]; in the presence of chelating agents the complex for-
mation (Ferrozine - Fe2+) is disrupted resulting in a decrease of the complex colour.

The evolution of chelating capacity of orange beverage during storage was presented in figure 2b. It was observed that storage tem-
perature of 37°C had obviously affected the chelating capacity compared to that stored at 5 and 25°C; the maximum loss of chelating 
capacity was occurred under storage temperature of 37°C with 62.52%. Moreover, beverage stored for 16 weeks showed more than four 
times loss between 5 and 37°C, and less than two times between 5 and 25°C. At the end of storage, the retention of ferric chelating capacity 
was 85.16, 72.38 and 37.48% under 5, 25 and 37°C, respectively. 

Hydrogen peroxide scavenging capacity

Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes directly, usually by oxidation of essential thiol (-SH) 
groups. It can cross cell membranes rapidly, and inside the cell, hydrogen peroxide probably reacts with Fe2+, and possibly Cu2+ ions (Fen-
ton reaction) to form hydroxyl radical which may be the origin of many of its toxic effects [30]. It is therefore biologically advantageous for 
cells to control the amount of hydrogen peroxide that is allowed to accumulate.

The evolution of hydrogen peroxide scavenging capacity of orange beverage during storage was presented in figure 2c. It was observed 
that storage temperature of 37°C had markedly affected the orange beverage scavenging capacity compared to those stored at 5 and 25°C; 
the maximum loss of hydrogen peroxide scavenging capacity was induced by temperature storage of 37°C with 65.82%. Moreover, bever-
age samples kept for 16 weeks showed more than four times loss between 5 and 37°C, and less than two times between 5 and 25°C. At the 
end of storage, the retention of ferric chelating capacity was 85.13, 72.51 and 34.18% under 5, 25 and 37°C, respectively. The decrease in 
scavenging capacity upon storage was might be resulted by the decrease in antioxidants substances, especially ascorbic acid.
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Figure 2: Ferric reducing capacity (a), ferric chelating capacity (b) and hydrogen peroxide scavenging 
capacity (c) of orange beverage during storage.
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Correlation

The antioxidant capacity of orange beverage was largely influenced by ascorbic acid and phenolic contents. This fact was confirmed 
by results of Pearson´s test (Table 1) which showed that there were extremely significant correlations (p < 0.001). These results were in 
agreement with literature [31-34].

FRC FCC HPSC
AA 0.90*** 0.90*** 0.85***
TP 0.82*** 0.80*** 0.74***
TF 0.97*** 0.96*** 0.95***

*** p < 0.001 : extremely significant correlation. 
AA: Acid Ascorbic; TP: Total Polyphenols; TF: Total Flavonoids; FRC: Ferric Reducing Capacity; FCC: Ferric Chelation 

Capacity; HPSC: Hydrogen Peroxide Scavenging Capacity.

Table 1: Correlation matrix between antioxidants and antioxidant activities.

Conclusion
The results of our study supplied detailed information regarding functional stability of orange beverage. A storage at 5°C induced a 

changes on functional values of beverages, but not as important as a storage at 25 and 37°C. The information obtained in the present 
study finds its practical application because it showed the behaviour of orange beverage during the period separating the production 
from the consumption, then allowed us to take necessary measures to remedy the undesirable changes.
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