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Abstract  The production of mixed nectar of cupuassu and green tea nectar can be a promising product for the 
market of beverage because it can provide a product with high nutritional value and good acceptance. The study 
aimed to produce mixed nectar of cupuassu and green tea with high nutritional value and good sensory acceptance 
and evaluate its stability. Physico-chemical (pH, acidy, reducing and total sugars, phenolic compounds, antioxidant 
activity, phase separation, and color), microbiological and sensory analysis were performed. Firstly, it was 
determined the ideal ratio of vegetables using formulations containing cupuassu and green tea, respectively: F1 
(30%/ 70%), F2 (50%/ 50%) and F3 (70%/ 30%). Higher antioxidant activity and sensory acceptance selected F2. 
After, it was determined the ideal concentration of sugars. For this, it was produced formulations with 11, 13 and 
15 °Brix. According to sensory acceptance, was chosen the formulation with 13 °Brix. After, it was assessed the 
stability for 180 days, with and without preservatives. The samples without preservatives had changes in the sensory 
characteristics during storage. However, these characteristics were maintained in the acceptance region of the 
hedonic scale. 
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1. Introduction 

The fruit juices play essential roles in human health, 
being a crucial part of nutrition. Its consumption is 
associated with the reduced mortality risk since that 
contain high amounts of nutrients essential, phytochemicals, 
fibers and other bioactive compounds that promote health 
benefits [1,2]. 

Mixed fruit juices and nectars are more popular than 
pure juices because they enable the combining of 
bioactive compounds and flavors [3]. Reference [4] 
produced a mixed beverage of snake tomato and pineapple. 
These authors reported that was possible to obtain the 
bioactive compounds such as carotenoids, flavonoids, and 
phenolic acids from snake tomato and the good acceptance 
because the pineapple to have reduced the astringent 
flavor of snake tomato. Reference [5] evaluated the effects 
of blends of pineapple, orange, carrot, and Hibiscus 
sabdariffa extracts (HSE) to obtain a combination with 

optimal antioxidant properties and good sensory acceptance. 
These authors reported than beverage containing 40.00% 
of pineapple, 16.46% of carrot, 17.20% of orange and 
26.30% of HSE provided the production of functional 
drinks. Thus, the blends improve the nutritional properties 
and sensory acceptance of the beverages. 

In this context, green tea is one of the most popular 
beverages consumed worldwide which is obtained from 
the leaves of Camellia Sinensis, originating in China. As a 
result of scientific evidence on its beneficial effects for 
health, the consumers have sought to increase its consume. 
It has been reported that daily consumption of green tea 
decreases blood pressure, reduces the risk of coronary 
diseases and obesity. Moreover, it has been said to have 
antimicrobial activity [6,7].  

These effects are associated with the green tea composition 
that contains several polyphenolic components with 
antioxidant properties. The predominant active elements 
are the flavanol monomers known as catechins (25-35%), 
where epigallocatechin-3-gallate and epicatechin-3-gallate 
are the most effective antioxidant compounds. Despite the 

 



362 Journal of Food and Nutrition Research  

high nutritional value of the green tea, its characteristic 
taste includes a mixture of bitterness, astringency, meaty 
flavor, sweetness and slight sourness. Thus, it was not 
well accepted by many consumers [8,9]. 

Therefore, to improve the sensory acceptance of green 
tea, reference [10] produced a mixed juice of green tea 
and pineapple. These authors concluded that formulation 
with a ratio of 60/40 (pineapple/ green tea) was well 
accepted by consumers, having more than 70% of the 
acceptability index. 

Cupuassu (Theobroma grandiflorum) is a tropical  
fruit native to the Brazilian Amazon. Its pulp is  
yellowish-white and is used for the production of ice 
cream, juice, and jellies because of its distinctive flavor, 
being good sensory acceptance [11,12,13]. Moreover, the 
cupuassu pulp has high nutritional value due to the 
phenolic compounds [14,15]. The cupuassu pulp is rich in 
fibers and contains a considerable amount of starch as 
well as pectin polysaccharides [16], which can provide a 
different texture when compared with other fruit pulps. In 
this context, the mixed nectar production containing 
cupuassu and green tea can offer high nutritional value 
and good sensory acceptance. 

The shelf-life of the fruit beverages is influenced by 
product characteristics, environment, and storage [17]. 
Food preservatives are added to products to ensure 
microbiological safety and to preserve sensory characteristics 
18]. However, in recent years some beverage has been 
commercialized without the preservatives addition after 
the pasteurization process. This is due to researchers have 
studied their potential adverse effects on health and 
consumer safety. Although most food preservatives are 
safe, their use should be restricted to achieve a 
technological benefit, and in some cases, the amounts of 
food preservatives are strictly controlled by food 
regulations [19]. In the literature, no contains references 
on the effect of preservatives addition in cupuassu nectar 
during storage. 

Therefore, this study aimed to produce mixed nectar of 
cupuassu and green tea. Moreover, was evaluated the influence 
of food preservatives and the storage on the quality 
characteristics and sensory acceptance of the product. 

2. Material and Methods 
In the present study were used commercial cupuassu 

pulps and green tea infusion. The green tea infusion was 
prepared by immersion of herb for 3 minutes in water at 
100 °C. The study was divided into three stages. First, the 
ideal ratio of cupuassu and green tea in the mixed base of 
the nectar was determined. The nectars were produced 
with 30% of the mixed base. The soluble solids were 
standardized by addition of sucrose up to 11 °Brix. Three 
formulations were produced with cupuassu pulp and green 
tea ratios, respectively: 30/70 (F1), 50/50 (F2) and 70/30 
(F3). After, the ideal sweetness in the mixed nectar was 
determined. For this, three formulations with total soluble 
solids of 11, 13 and 15 °Brix were produced from the best 
ratio of vegetables obtained initially. Finally, the effect of 
food preservatives (40 ppm of sodium metabisulfite and 
500 ppm of potassium sorbate) and storage for 180 days 
was evaluated. Thus, the nectars were analyzed following 

the treatments: day 0 without preservatives (T1), day 0 
with preservatives (T2), day 180 without preservatives 
(T3), and day 180 with preservatives (T4). 

2.1. Experimental Design 
For the ideal ratio of cupuassu and green tea was 

followed a complete randomized factorial 3x5 design (3 
formulations and 5 replicates). The ideal sugar 
determination also followed a complete randomized 
factorial 3x5 design (3 treatments and 5replicates). For the 
storage time, the experiment followed a full randomized 
factorial (2 treatments and 2 storage times), with 5 
replicates per treatment on each storage time. 

2.2. Production of the Mixed Nectar of 
Cupuassu and Green Tea 

The nectars blends were pasteurized using hot-fill 
processing at 90 °C for 60 s and cooled water. For the 
storage, the samples of the T2 and T4 were added of 40 
ppm of sodium metabisulfite and 500 ppm of potassium 
sorbate before pasteurization. 

After processing, the samples of the first stage was 
analyzed for pH, titratable acidity, reducing and total 
sugars, phenolic compounds, antioxidant activity, and 
sedimentation index and sensorial evaluation. Samples 
from the second experiment were submitted only the 
sensory evaluation. The nectars produced for the storage 
time were maintained at room temperature (25 °C) and 
analyzed for microbiological determinations (coliforms at 
35 °C, molds, and yeasts), pH, titratable acidity, reducing 
and total sugars, phenolic compounds, antioxidant activity, 
color, and sensorial evaluation.  

2.3. pH and Titratable Acidity Analysis 
The pH was determined by the direct measurement in a 

Potentiometer (Biotech, mPA-210, Piracicaba, Brasil). 
The titratable acidity (TA) was measured by titrating with 
0.10 M NaOH. The results were expressed in gram (g) of 
citric acid / 100 mL [20]. 

2.4. Reducing and Total Sugars and Soluble 
Solids Analysis 

The content of reducing sugars was determined 
spectrophotometrically using 3.5-dinitrosalicylic acid 
(DNS). For the total sugars, an acidic inversion was 
carried out, and then the total sugars were determined 
using the DNS [21]. The results were expressed in gram (g) 
glucose/ 100 mL. The soluble solids determination was 
performed directly using the digital refractometer 
(HI96801, Hanna, Woonsocket, USA). 

2.5. Total Phenolic Content and Antioxidant 
Activity Determination 

The total phenolic content was evaluated according to 
Reference [22]. This method determined the ability of 
phenolic compounds to reduce the mixture of 
phosphomolybdic/phosphotungstic acid complexes in 

 



 Journal of Food and Nutrition Research 363 

alkaline medium. After 30 min of reaction, the reading 
was taken at 765 nm using spectrophotometer (Biospectro, 
SP-220, Curitiba, Brasil). Gallic acid was the reference 
standard. 

ABTS and DPPH methods were used for the antioxidant 
activity evaluation. For the ABTS method, the radical was 
produced by reacting of the ABTS stock solution (7 mM) 
with potassium persulfate (140 mM). The ABTS·+ radical 
was diluted with ethanol to an absorbance of 0.700 at 734 
nm. Aliquots of 30 μL of the nectars extracts were mixed 
to 3000 μL of ABTS·+ radical, and the absorbance was 
measured after 6 min. Results were expressed as Trolox 
equivalent antioxidant activity/mL [23]. 

The DPPH method was performed according to 
Reference [24] with modifications. The DPPH·+ radical 
was prepared with methanol (0.119 mM/ L). Aliquots of 
30 μL of the nectars extracts were mixed to 2 mL of 
DPPH·+ radical, and the absorbance was measured after  
30 min. Results were expressed as Trolox equivalent 
antioxidant activity/ mL. 

2.6. Sedimentation Index Determination 
The mixed nectars were transferred to graduated 50 mL 

tubes, stored at 25°C and measured for 10 days. The 
sedimentation height was measured on a millimeter scale 
at regular intervals of 24 h. The sedimentation index (%SI) 
was calculated using the equation: SI = (Ht / Ho). 100; 
where: Ht is the height of the sedimented phase after time 
t and Ho is first height [25,26].  

2.7. Instrumental Color Analysis 
The nectar’s color was determined by a Minolta 

spectrophotometer (Minolta, CM 2300D, Tokyo, Japão), 
operating in the system CIE (L*, a*, and b*), with the 
apparatus calibration performed by the white ceramic 
plate, using the D65 illuminant.  

2.8. Microbiological Analyses 
Coliforms at 35°C, molds and yeasts determinations were 

performed following the methodology of Reference [27].  

2.9. Sensory Acceptance 
Sensory evaluation was performed by 60 untrained 

panelists of both sexes, who were selected by like and 

consumed cupuassu. Samples (40 mL) were served 
individually in a monadic sequential order using a 
balanced block design in standard sensory booths. Nectars 
were served at the 7°C in glass cups. The acceptance tests 
were conducted for the evaluation of color, appearance, 
aroma, flavor, sweetness, acidity, body, and overall 
acceptance. The hedonic scale was used, ranging from 1 
(dislike extremely) to 9 (like extremely) [28].  

2.10. Statistical Analysis  
One-way ANOVA analyzed the parameters pH, TA, 

reducing and total sugars, phenolic compounds, 
antioxidant activity, sedimentation index, and instrumental 
color with post hoc Tukey test at the 95% confidence level 
(p<0.05). 

For sensory data, treatments were considered as a fixed 
source of variation and the consumer as a random effect. 
The non-parametric Friedman test analyzed the attributes 
color, appearance, aroma, flavor, sweetness, acidity, body, 
and overall acceptance at the 95% confidence level  
(p< 0.05). Moreover, the Principal component analysis 
(PCA) was performed to visualize how the treatments 
were affected (in the three stages) on the overall 
acceptance attribute. All statistical analyses were 
performed using XLSTAT software (Addinsoft, Paris, 
France).  

3. Results and Discussion 

3.1. The Ratio of Cupuassu and Green Tea in 
the Mixed Nectar 

The pH did not change significantly (p>0.05) among 
treatments (Table 1). This pH is essential for the nectars 
because values higher than 4.5 favors the Clostridium 
botulinum growth [2]. Herein, all the samples studied had 
pH below of this value. The low pH obtained for nectars 
was provided by cupuassu pulp (Table 1). Therefore, the 
pulp contributed positively to the final pH. 

For the titratable acidity, F3 had the highest values, 
followed by F1. This result is resultant to the higher 
cupuassu pulp content in the formulation. The cupuassu 
has higher TA than green tea (Table 1). Similar results 
were reported by Reference [10] in the blend juices of 
pineapple and green tea. 

Table 1. Mean values and standard deviation of the physicochemical analyzes of cupuassu pulp, green tea infusion and mixed nectar of 
cupuassu and green tea with different ratio of vegetables in the mixed base 

 
Parameters Cupuassu pulp Green tea 

Formulations1 
F1 F2 F3 

pH 2.97±0.00 5.64±0.00 3.32±0.05a 3.25±0.05ª 3.25±0.03a 
Titratable acidity2 2.00±0.00 0.04±0.00 0.21±0.02c 0.34±0.02b 0.46±0.02a 
Reducing sugars3 3.33±0.00 0.00±0.00 2.88±0.98a 3.20±0.89ª 3.52±0.29a 

Total sugars3 9.77±0.51 2.67±0.16 10.89±1.26a 10.46±0.49ª 11.06±3.16a 
Phenolic compounds4 117.14±8.21 232.47±2.10 99.21±6.44a 90.15±15.30ª 79.88±11.65a 

AA (ABTS)5 0.45±0.04 0.70±0.01 0.47±0.05a 0.46±0.03ª 0.42±0.02a 
AA (DPPH)5 0.05±0.03 0.18±0.03 0.14±0.02a 0.14±0.01ª 0.09±0.02b 

Sedimentation index6 - - 71.22±7.49b 80.58±7.68ab 87.96±3.06a 

Means with different letters in the formulation’s columns differ according to the Tukey test (p<0.05). 1F1: 30% cupuassu pulp / 70% green tea; F2: 50% 
cupuassu pulp / 50% green tea; F3: 70% cupuassu pulp / 30% green tea. 2g/ 100 mL of citric acid; 3g/ 100 mL of glucose; 4mg of galic acid/ 100 mL; 
5AA = antioxidant activity (µΜ Trolox/ mL); 6%. 
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The reducing and total sugars did not change (p>0.05) 
among treatments. In the present study, the reducing 
sugars in nectars were provided by cupuassu pulp  
(3g/100 mL) because the green tea did not have these 
compounds (Table 1). The reference [29], producing 
blends of vegetable Hibiscus sabdariffa with tropical 
fruits also reported that the fruits provided the reducing 
sugars for the beverages. For total sugars, the similarity of 
values among treatments was expected because the 
soluble solids were standardized up to 11 °Brix in the 
nectar production. Thus, since these sugars are most likely 
the major contributors to soluble solids, these components 
are usually correlated to total sugars [30]. 

The phenolic compounds content did not change 
(p>0.05) between the formulations. The Reference [31] 
reported that epigallocatechin gallate and flavonols are the 
main phenolic compounds in green tea, which are 
sensitive to thermal. Therefore, the similar content of the 
mixed nectar can be of the reduction of these phenolics 
during pasteurization. The reference [32] evaluated the 
phenolic contents of fresh exotic fruits, cultivated in the 
northeastern of Brazil. These authors reported that 
mangaba, tamarind, and sweetsop had high amounts of 
phenolics (81.7 ± 4.0 - 98.8 ± 5.6 mg of /100 g). In the 
present study, the phenolic compounds values ranged from 
79.88 ± 11.65 to 99.21 ± 6.44 mg/ 100 mL. Thus, the 
mixed nectars can be considered with high nutritional 
value, for the high phenolic contents. 

The antioxidant activity of nectars was measured using 
ABTS and DPPH free radical methods. The reference [33], 
evaluating the antioxidant activity in green tea reported 
that as most natural antioxidants are multifunctional, the 
antioxidant capacities of samples cannot be described by 
one single method. For the ABTS, there was no difference 
between formulations. In contrast, for the DPPH method, 
F3 had the lowest values (p<0.05) (Table 1). Therefore, 
the results indicate that the DPPH method was more 
sensitive in the determination of the antioxidant activity of 
mixed nectar because there was a reaction between the 
DPPH radical and the antioxidants compounds of the 
beverage, not observed with ABTS. This result obtained 
for the DPPH method is a consequence of the antioxidant 
activity of the raw materials used since the green tea had 
higher antioxidant activity than the cupuassu pulp  
(Table 1).  

Sedimentation index of F3 was higher (p<0.05) than F1. 

F2, on the other hand, did not differ (p>0.05) from F1 and 
F3 (Table 1). According to reference [34], by Stokes Law, 
the particle sedimentation velocity is directly proportional 
to its squared diameter, the acceleration imposed and the 
difference between the particle and dispersant medium 
density. Thus, the predominant large particles in cupuassu 
pulp provided higher sedimentation index in F3.  
This index in juices is associated with stability mixed base. 
An increase in this index is perceived negatively by 
consumers.  

All sensory attributes were positively scored, with a 
rating between “like slightly” and “like very much” (6-8) 
(Table 2). Therefore, it is possible to infer that all 
formulations, constitute good market alternatives.  

For the color, aroma and body attributes, F3 had higher 
acceptance when compared with F1. The nectars of F2 did 
not differ those others formulations. The flavor of F2 had 
higher (p<0.05) acceptance when compared with F1. The 
F3 did not change of the other formulations. Sweetness 
and acidity did not differ (p>0.05) among the formulations. 
For the appearance and overall acceptance, F2 and F3 had 
high acceptance than F1 (Table 2). In general, these 
results indicate that the higher ratio of green tea in the 
nectars reduced the approval of the product. 

According to Reference [6], color and appearance are 
the essential attributes of beverages. These authors 
reported that the dark color of green tea was associated 
with low sensory scores. Thus, the little acceptance for 
color and appearance of F1 is related to this coloration of 
green tea.  

For the aroma, the reference [35] produced blend juice 
with pomegranate and green tea and evaluated the sensory 
characteristics. The panelists of the study defined the 
terms green and green tea-like to the aroma of green tea. 
These authors reported that samples with higher intensity 
in these terms were the least liked ones and were 
perceived to be too low in fruity aroma. Therefore, the 
high concentration of aromatic compounds of green tea 
reduced beverage acceptance.  

The result for the body can be due to pulp cupuassu 
characteristics. According to reference [16], the cupuassu 
pulp has a particular chemical composition, rich in fibers, 
and contains a considerable amount of starch as well as 
pectin polysaccharides, which can provide more sticky 
texture than other fruit pulps. Thus, the high acceptance 
for F3 can be resultant of high sticky of nectars. 

Table 2. Mean values and standard deviation of the sensory attributes color, appearance, aroma, flavor, sweetness, acidity, body and overall 
acceptance of mixed nectar of cupuassu and green tea with different ratio of vegetables in the mixed base 

Attributes 
 Formulations1  

F1 F2 F3 

Color 6.88± 1.62b 7.28± 1.49ab 7.65 ± 1.25ª 
Appearance 6.65 ± 1.67b 7.28 ± 1.42a 7.52 ± 1.14ª 
Aroma 6.62 ± 1.89b 6.88 ± 1.76ab 7.30 ± 1.39ª 
Flavor 5.67±2.03b 6.37± 1.92a 6.40 ± 1.67ab 
Sweetness 5.93 ± 2.15ª 6.45 ± 1.93a 6.48 ± 1.72ª 
Acidity 5.98±2.27ª 6.42 ± 1.79a 6.60± 1.72ª 
Body 5.97 ±1.93b 6.62± 1.53ab 6.93±1.38ª 
Overall acceptance 5.98 ± 1.97b 6.77 ± 1.50a 6.87 ± 1.50ª 

Means with different letters in the formulation’s columns differ according to the Friedman test (p<0.05). 1F1: 30% cupuassu pulp / 70% green tea; F2: 
50% cupuassu pulp / 50% green tea; F3: 70% cupuassu pulp/ 30% green tea. 
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For the flavor, the smaller acceptance of F1 can be 
associated with bitter and astringent taste. According to 
reference [36], infusions obtained from the milled leaves 
have a more bitter and astringent taste, being an indicator 
of the presence of more phytochemicals. The astringency 
can be attributed to gallated flavonols and the aflavins, in 
particular to mono-and di-gallate, and also to catechins, 
caffeine and some amino acids (such as arginine and 
alanine) that contribute to the bitterness of green tea 
infusions [8].  

 The similarity in the sweetness acceptance obtained 
herein confirmed the values of total sugars (Table 1), that 
was standardized in the formulations. For the acidity, the 
sensory results can be associated with pH (Table 1) that 
also not changed.  

According to reference [37], the consumer preference 
responses are usually heterogeneous, and the means may 
not be representative of any individual opinion. Thus, the 
awareness of interindividual differences in preference 
behavior gave rise to increasing popularity of consumer 
segmentation. In this case, the Principal component 
analysis (PCA) is applied. In the present study, the PCA 
was used in the overall acceptance data. The PCA1 (F1) 
explained 62.26% and the PCA2 (F2) 25.49% (Figure 1). 
Thus, the sum of the two PCA is 87.75%, being high than 
70%. The percentage is sufficient to represent the 
dispersion of the formulations, explaining most of the 
variation of the data. Therefore, there is a two-dimensional 
presentation of easy interpretation [38]. In Figure 1, each 
point represents the correlations between the consumer 
acceptance data with the two principal components. In the 
graph, it is possible to observe the presence of two distinct 

groups, being 1 formed by F1, in quadrant 4 and the other 
by F2 and F3 in quadrant 1.  

The reference [39] reported that in this type of 
graphical representation consumers are near the region of 
the samples most accepted by them. Therefore, evaluating 
the quadrant 1 can be observed that nectars of F2 were 
more accepted. 

Thus, F2 and F3 were the most accepted, with emphasis 
on F2. Moreover, considering that of these two 
formulations, F3 had lower antioxidant activity (Table 1), 
which is an essential nutritional characteristic, and F2 
could provide more nutrients from raw materials, F2 was 
selected for the production of mixed nectar of cupuassu 
and green tea. 

3.2. Ideal Sweetness in the Mixed Nectar of 
Cupuassu and Green Tea 

For ideal sweetness, all concentration of soluble solids 
had good acceptance because the sensory attributes were 
positively scored, with a rating between “like slightly” and 
“like very much” (6-8). For the flavor, 15 °Brix had high 
(p<0.05) acceptance when compared with 11 °Brix. The 
nectars with 13 °Brix did not differ those of other 
treatments. The sweetness of 13 °Brix treatment had high 
acceptance than 11 °Brix. The nectars with 11 °Brix did 
not alter those other treatments (Table 3). Thus, treatments 
with high soluble solids were more accepted. 

A similar result was reported by reference [40] in 
papaya nectars. These authors observed that the higher 
concentration of the sucrose content increased the 
acceptance. 

 
Figure 1. Representation of the formulations for the overall acceptance in the first and second Principal component analysis (PCA) of mixed nectar of 
cupuassu and green tea with different ratio of vegetables in the mixed base 

Table 3. Mean values and standard deviation of the sensory attributes flavor and sweetness of mixed nectar of cupuassu and green tea with 
different soluble solids contents 

Attributes 11 °Brix 13 °Brix 15 °Brix 
Flavor 6.85 ± 1.84b 7.53 ± 1.36ab 7.82 ± 1.36a 
Sweetness 6.83 ± 1.87b 7.55 ± 1.45ª 7.52 ± 1.49ab 

Means with different letters in the formulation’s columns differ according to the Friedman test (p<0.05). 
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Figure 2. Representation of the formulations for the overall acceptance in the first and second Principal component analysis (PCA) of mixed nectar of 
cupuassu and green tea with different soluble solids contents 

For the data of overall acceptance, the PCA generated 
explained 82.99% of the total variation between the treatments, 
being sufficient to represent the dispersion (Figure 2). In 
the graph, it is possible to observe the presence of two 
distinct groups, being 1 formed by 11 °Brix, in quadrant 4 
and the other by 13 and 15 °Brix in quadrant 1. The 
nectars with 13 °Brix showed more accepted because the 
consumers were near to this treatment in the graph. Thus, 
the concentration of 13 °Brix was chosen in this study. 

The reference [41] reported lower concentration (9.4 °Brix) 
as the ideal in passion fruit juice. However, as indicated 
by the reference [42], the sucrose amount in the fruit juices 
cannot be generalized. The ideal sweetness can vary according 
to the fruit in the manufacturing process. Thus, the ideal 
sweetness should be determined for each sample. Therefore, 
it is essential to evaluate the sweetness of the product. 

3.3. Storage of the Mixed Nectar of Cupuassu 
and Green Tea 

The microbiological analysis of the mixed nectars 
showed the absence of total coliforms (<3 MPN/ mL). 

Moreover, the lack of mold and yeast counts  
(<10 CFU/ mL) was also observed. Thus, product safety 
and suitability for sensory tests were guaranteed [43].  

The pH values were unaffected (p>0.05) over the storage 
period. However, it was high (p<0.05) in the treatments 
containing preservatives (T2 and T4). Thus, preservatives 
use increase the pH of the beverage (Table 4).  

For storage time, the reference [44], evaluating the pH 
of the mixed beverage produced with green tea and apple 
also did not observe the storage influence. Regarding the 
use of preservatives, the reference [45] also reported high 
pH when used the potassium sorbate and sodium 
metabisulphite on the coconut water stability. These 
authors observed that the samples that did not receive 
preservative presented less stability. In the present study, 
the absence of preservatives not affected the stability of 
mixed nectar. This result is positive because there is no 
need to add additives. 

The titratable acidity did not change concerning the 
preservative addition nor the storage (p>0.05) (Table 4). 
Therefore, the changes observed on the pH did not 
influence this parameter. 

Table 4. Mean values and standard deviation of the physicochemical analysis of mixed nectar of cupuassu and green tea stored for 180 days at 
room temperature (25 °C) with and without the use of preservatives. 

Parameters T1 T2 T3 T4 
pH 3.33±0.03b 3.52±0.02a 3.29±0.01b 3.50±0.02a 
Titratable acidity2 0.35±0.01a 0.33±0.01a 0.34±0.00a 0.33±0.01a 
Reducing sugars3 1.83±0.88b 1.25±0.45b 2.88±0.50a 2.37±0.73a 
Total sugars3 8.35±0.84b 9.58±0.66ab 9.10±0.86ab 9.82±0.64a 
Phenolic compounds4 90.15±2.92a 98.51±4.74a 44.95±1.45b 44.40±0.61b 
AA (ABTS)5 0.46±0.04ª 0.44±0.08a 0.42±0.01a 0.43±0.02a 
AA (DPPH)5 0.14±0.02ª 0.13±0.01a 0.07±0.01b 0.08±0.02b 
Color component L* 31.51±3.95a 30.68±1.04a 33.75±4.93a 32.35±6.84a 
Color component a* -0.95±0.17bc -1.18±0.11c 0.37±0.47a -0.09±0.82ab 
Color component b* 2.37±0.68ª 2.92±0.27a 2.17±0.87a 1.78±1.19a 

Means with different letters in the formulation’s columns differ according to the Tukey test (p<0.05). 
1T1: day 0 without preservatives; T2: day 0 with preservatives T3: day 180 without preservatives; T4: day 180 with preservatives. 2g/ 100 
mL of citric acid; 3g/ 100 mL of glucose; 4mg of gallic acid/ 100 mL; 5AA = antioxidant activity (µΜ Trolox/ mL). 
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The stability of the acidity obtained in the present study 
indicates that there was no significant degradation of the 
acids present in the nectars. The reference [46] observed 
acidity reduction during the storage of tropical acerola 
juice and attributed this reduction to oxidation of organic 
acids. 

For reducing sugars, T3 and T4 had higher (p<0.05) 
values (Table 4). Thus, it was observed the effect of 
storage to increase these compounds. The reference [47] 
also reported increased in reducing sugars of kinnow juice 
for 30 days. These authors said which may be resultant of 
the gradual conversion of a non-reducing sugar, non-sugar 
carbohydrates, and acids into reducing sugar. 

The total sugars of the treatment containing 
preservatives and stored for 180 days were higher 
(p<0.05) than that of treatment without preservatives 
and with 0 days of storage (Table 4). The reference [48] 
also reported an increase in the total sugars of mulberry 
juice containing preservatives after 180 days of storage. 

The phenolic compounds of T3 and T4 were the lowest 
(p<0.05) (Table 4). Thus, it was observed the effect of 
storage in the reduction of these bioactive compounds. 
The reference [29] reported losses of 53.04% of the 
phenolic content in the mixed juices containing Hibiscus 
sabdariffa L., papaya, guava and mango with 180 days. 
According to reference [49], the decrease in phenolic 
content and antioxidant activity during storage may be due 
to the presence of dissolved oxygen in samples, which 
resulted in the oxidation of compounds. Herein, the 
reduction was similar to these authors (50.14% - 54.92%). 

The antioxidant activity measured for ABTS there did 
not change between treatments, similar to the results for 
the chose the ratio of cupuassu and green tea in the mixed 
nectar. DPPH method had similar effects of phenolics 
compounds, with reduction (p<0.05) during storage  
(Table 4). 

The reference [50] also reported a decrease in the 
quince nectar during storage. According to these authors, 
the reduction in antioxidant activity during storage may be 
attributed to the degradation of bioactive compounds such 
as phenolic compounds. Thus, the reduction of antioxidant 
activity of the present study is related to the decrease of 
phenolic compounds. 

For the color components, L* and b* did not change 
among the treatments. The color component a*, T1 had 

high (p<0.05) values than T3 and T2 had high (p<0.05) 
values than T4 (Table 4). Thus, this result indicates that 
the redness increased with the storage, independent of the 
use of preservatives. 

The reference [51] also reported increased of redness 
during storage of the orange juice pasteurized. According 
to these authors, the increased can be a consequence of the 
non-enzymatic browning reactions, such as the Maillard 
reaction. 

The sensory attributes flavor, sweetness, acidity, and 
body did not change (p>0.05) between the treatments. The 
acceptance attributes color and appearance were lower in 
T3 and T4. The approval reduced with the storage  
(Table 5).  

For the color and appearance, the reference [52] also 
reported reduced in the color acceptance in the low-fat 
cupuassu and açaí nectar after 180 days of storage. These 
authors associated low approval with the changes in the 
instrumental color. In the present study, the reduced in the 
approval also can be related to increasing the redness, as a 
result of the non-enzymatic browning reactions. 

For the aroma, T1 had high acceptance when compared 
to T3. Therefore, the samples without preservatives had 
changes during storage. T2 did not differ from T4, 
indicating that the preservatives were efficient in 
maintaining the aroma during storage (Table 5). Despite 
the reduction, it was kept good acceptance because the 
attribute was positively scored, rating between “like 
slightly” and “like moderately” (6-7). This reduction is the 
consequence of volatile compounds losses that occur with 
storage. The reference [53] reported the decline in the 
volatile compounds of bayberry juice, that was associated 
with the increase of alcohol flavors and a decrease of 
esters flavors.  

For the data of overall acceptance, the CPA explained 
68.86% of the variation between the treatments (Figure 3). 
In the graph, it was observed two distinct groups, being 1 
formed by T1, T2, and T4, in quadrant 4 and the other by 
T3 in quadrant 1. Therefore, the sample without 
preservatives stored for 180 days (T3) differed of the other 
treatments. 

Thus, the samples without preservatives had some 
changes in the sensory characteristics during storage (T3). 
Despite the reduction, these characteristics were 
maintained in the acceptance region of the hedonic scale. 

Table 5. Mean values and standard deviation of the sensory attributes color, appearance, aroma, flavor, sweetness, acidity, and body of mixed 
nectar of cupuassu and green tea stored for 180 days at room temperature (25°C) with and without the use of preservatives. 

Attributes T1 T2 T3 T4 

Color 7.53±1.33a 7.75±1.31a 5.60±1.98b 5.80±1.96b 

Appearance 7.50±1.28a 7.73±1.19a 5.73±1.87b 5.90±1.91b 

Aroma 7.02±1.70a 6.80±1.63ab 6.27±1.83b 6.35±1.79b 

Flavor 6.85±1.76a 6.55±1.80a 6.25±1.91a 6.12±2.01a 

Sweetness 6.88±1.67a 6.58±1.85a 6.43±1.95a 6.65±1.80a 

Acidity 6.67±1.95a 6.58±1.94a 6.43±1.85a 6.47±1.85a 

Body 7.02±1.33a 6.90±1.30a 6.45±1.56a 6.65±1.72a 

Means with different letters in the formulation’s columns differ according to the Friedman test (p<0.05). 
1T1: day 0 without preservatives; T2: day 0 with preservatives T3: day 180 without preservatives; T4: day 180 with preservatives. 
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Figure 3. Representation of the formulations for the overall acceptance in the first and second Principal component analysis (PCA) of mixed nectar of 
cupuassu and green tea stored for 180 days at room temperature (25°C) with and without the use of preservatives 

4. Conclusion 

The mixed nectars of cupuassu and green tea obtained 
satisfactory results for the nutritional value and sensory 
acceptance. The formulation selected for the blend nectar 
production was: 50% cupuassu pulp and 50% green tea at 
the mixed base and total soluble solids content of 13°Brix. 

For the stability, the nectars obtained good sensory 
acceptance, since did not have changes in taste, sweetness, 
acidity, and body by the addition of preservatives and 
storage. However, there was a reduction in compounds 
phenolics, antioxidant activity, and color acceptance 
during storage, that was not altered by the use of 
preservatives sodium metabisulfite and potassium sorbate.  

Therefore, it can be concluded that the production of 
mixed nectar of cupuassu and green tea nectar is a 
promising product for the market of beverage. The 
production of nectar without preservatives sodium 
metabisulfite and potassium sorbate is possible. 
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