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1 Introduction
The increase in chronic diseases related to inadequate dietary 

habits such as the growing consumption of high density foods, 
many times associated to a sedentary life style, leads to the need 
of making available to consumers healthier foods as a way of 
minimizing negative effects associated with the consumption of 
poor quality diets (Font-Burgada et al., 2016; Moubarac et al., 
2017; Moreira et al., 2017).

Fruit products, especially those produced without added 
sugar, such as dried fruits and 100% whole juices, can contribute 
to a healthier diet. A recent survey showed that the market of 
juices and fruit drinks has presented an important increase in 
Brazil (Associação Brasileira das Ondústrias de Refrigerantes e 
de Bebidas não Alcoólicas, 2016). Even though the consumption 
of juices containing higher concentrations of fruits is still low 
in the country, indicating that there is opportunity for market 
expansion, particularly for juices having raw material fruits 
from Brazilian biodiversity.

Fruit blend, according to Brazilian legislation (Brasil, 2009), 
is the juice obtained from a fruit mixture, fruit and vegetable 
or the edible part of vegetables and fruit, being an option for a 
healthy diet as it contains vitamins and oligoelements essential 

to human metabolism, as well as being an alternative to add 
value to under-utilized native fruits.

The development of this kind of product presents advantages 
such as the availability of fruits out of season and the adjustment 
of the high acidity and low soluble solid content that some 
fruits contain, allowing to obtain products with higher sensory 
acceptance besides higher content of bioactive compounds. 
These characteristics of ready to consume products, rich in 
nutrients and bioactive substances, meet important demands 
for consumers such as healthiness and practicality (Bhardwaj 
& Pandey, 2011; Nunes et al., 2016).

Among bioactive substances, many have been related to 
the reduction of the risk of development of non-communicable 
chronic diseases. One of the most studied is the group of 
phenolic compounds. These are secondary metabolites found 
in vegetables and, in some cases, responsible for their color 
(Haminiuk et al., 2012).

Anthocyanins, a subclass of phenolic group, are pigments 
responsible for the plants coloration that goes from red to blue 
and are found in many fruits. Studies have aroused the antioxidant 
capacity of this substance, being its action attributed mainly to 
the presence of hydroxyls in its structure (Liobikas et al., 2016).
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Brazil has a great diversity of fruits that are rich in bioactive 
compounds, such as açai, jamelão, jabuticaba and juçara, which 
contains relevant amounts of anthocyanins. However, some 
fruits are still few explored due to their extractive production, 
high perishability and some undesirable sensory characteristics 
(Paim et al., 2016; Peixoto et al., 2016).

Juçara (Euterpe edulis Martius), a typical palm from Brazilian 
Atlantic Forest, produces fruits rich in compounds potentially 
antioxidants such as the anthocyanins (Bicudo  et  al., 2014; 
Schulz et al., 2015). On Brazilian market products containing 
high amounts of juçara or açaí pulp are very well accepted, which 
is not observed in the foreign market. The study conducted by 
Sabbe et al. (2009) is an example of the influence of açaí pulp 
content in the sensory acceptance of mixed juices. Authors 
verified that the products formulated with low contents of  
açaí pulp (4%) got better scores of overall liking, significantly 
differing from the product formulated with high content of açaí 
pulp (40%). Among the reasons for the rejection, authors cite 
the higher sweetness as well as the flavor, considered unpleasant 
in products containing higher percentage of açaí pulp.

Regarding this result, juçara whole pulp is a potential 
ingredient for new formulations, acting as a natural colorant 
and also contributing to the levels of antioxidants in a mixed 
juice, although it is essential to consider the sensory acceptance 
of formulated products.

Therefore, aiming at obtaining a juice blend that add 
important characteristics for the market of healthy foods and 
value to juçara productive chain, the objective of this work was 
to develop a smoothie from banana, strawberry and juçara, 
with sensory acceptance and relevant contents of bioactive 
compounds, using an experimental mixture design.

2 Materials and methods
2.1 Raw materials

Frozen strawberry pulp (Sempre Viva, Brazil) was acquired 
in a local market in Rio de Janeiro. Frozen juçara pulp (Juçaí, 
Brazil) was provided directly from the manufacturing company 
in the state of Rio de Janeiro. Banana pulp was obtained by 
de-pulping the fruits in horizontal de-pulper (Bonina 0.25 dF, 
Otametal, Otabuna, Brazil) with 1.5 mm sieve and polyethylene 
blades, packed in plastic bags and immediately frozen. Fruits 
were from Nanica variety in ripeness degree 6, according to the 
maturation scale described by Aurore et al. (2009). The pulps 
were maintained in a refrigeration chamber at -18 °C until the 
moment of the use. The commercial pulps were stored considering 
the expiration date recommended by the producers. On the case 
of banana, the pulp was stored under freezing for a maximum 
of one month.

Before using, pulps were defrosted and juçara pulp was 
pre-treated by centrifugation in basket centrifuge (Model K7165, 
Thermo Scientific OEC, Bellport, EUA) provided with 100 µm 
nylon filter, aiming at the reduction of suspended solids and 
lipid fraction that could affect the final product quality due to 
oxidation and, consequently, rancidity.

Each fruit was chosen based on their individual contribution 
to obtaining a smoothie without added sugar. Then, banana 
pulp was responsible for providing sweetness, juçara pulp 
for their phenolic compounds, especially anthocyanins, and 
strawberry to balance the mixture pH, reducing the possibility 
of microorganisms’ growth. Aside from these characteristics 
it is emphasized that bananas and strawberries are fruits with 
high sensory acceptability, which facilitates the development 
of new products.

2.2 Fruit pulps characterization

Pulps were analyzed for their physicochemical parameters 
(total solids, pH, soluble solids and acidity), instrumental 
color, bioactive compounds (total phenolic compounds and 
anthocyanins) and antioxidant capacity.

2.3 Smoothie formulation

On order to define the best formulation a simplex-centroid 
experimental mixture design (Table 1) was applied. Thus, the 
juçara pulp proportion was maintained fixed (20%) and the 
proportions of banana and strawberry were varied, based in 
preliminary assays results. The main responses were the sensory 
acceptability and the bioactive compounds contents (anthocyanins 
and total phenolic compounds) and the antioxidant capacity. 
The physicochemical parameters (total solids, pH, soluble solids 
and acidity) and instrumental color of formulated mixed juices 
were also analyzed.

The blends were obtained by mixture of the three fruit pulps 
without adding sugar, followed of standardization in industrial 
blender (LSP-20, Metalurgica Siemsen Ltda, Brusque, Brazil) 
and pasteurization in scrapped surface heat exchange (FT25D, 
Armfield, United Kingdom) at 90 °C for 35 s, according to the 
conditions described by Mattietto et al. (2014), considering the 
similarity of juçara and açaí.

2.4 Analytical methods

Sensory analysis

The acceptability test was performed with 100 non-trained 
panelists, adults, from both genders, chosen among trainees 
and employees from Embrapa Agroindústria de Alimentos in 
Rio de Janeiro, Brazil. All panelists are potential consumers of 
fruit beverages.

Table 1. Experimental mixture design (coded variables) for formulation 
of the banana, strawberry and juçara smoothie*.

Banana pulp Strawberry pulp
F1 0 1
F2 1 0
F3 0.5 0.5
F4 0.25 0.75
F5 0.75 0.25

*Juçara pulp proportion fixed in 20%.
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For each smoothie sample, panelists evaluated the global 
acceptance, which is related to the first impression of the whole 
product (appearance, flavor, color, taste) and their consistency. 
Both attributes were measured by a structured 9 point hedonic 
scale (9 = extremely liked, 5 = did not like or dislike, 1 = extremely 
dislike) (Meilgaard et al., 1991).

Codified (three digits) samples were served monadically in 
50 mL plastic cups, at refrigeration temperature, in individual 
booths, under white light.

This part of the project was approved by the Ethical 
Committee for Research with Human Beings/RJ linked to 
Hospital Universitário Clementino Fraga Filho/HUCFF/UFRJ 
(nº 17796813.0.00005257).

Total phenolic compounds

This determination was performed by spectrophotometry 
using the Folin-Ciocalteu reagent (Merck®, Germany) according 
to the method described by Singleton & Rossi (1965) modified 
by Georgé  et  al. (2005). The absorbance was measured at 
760 nm. A calibration curve was made from Gallic acid standard 
(Sigma-Aldrich®, Brazil), and the blank was prepared with distilled 
water. Total phenolic compounds content was expressed in mg 
GAE.100 g-1 (gallic acid equivalent). The used extracts were 
obtained by extraction with acetone 70%, followed by filtration. 
These extracts were diluted 10 times with distilled water.

Total monomeric anthocyanins

Anthocyanins contents were quantified by differential 
pH method (Giusti & Wrolstad, 2001), using cyanidin-3-glucoside 
as reference, with molar extinction coefficient of 26900 M-1cm-1 
and molecular weight 449.2 g.gmol-1. The extracts were obtained 
by dilution of samples in pH 1.0 and pH 4.5 buffer solutions 
separately. After 30 minutes of their stabilization, the extracts 
were filtered and the absorbance was read at 510 and 700 nm.

Antioxidant capacity

The antioxidant capacity was determined by the reduction 
method of the ABTS+ radical (Sigma-Aldrich®, Brazil) according 
to Re et al. (1999). Extraction was conducted in two steps with 
methanol 50% and acetone 70% (Rufino et al., 2007). For the 
reaction of 30 μL of sample was added with 3 mL de ABTS+. 
Absorbance was then measured at 734 nm after 6 minutes of 
reaction. Results were expressed as micromoles Trolox equivalents 
per gram (μmol TE.g-1).

Instrumental color

The measure of instrumental color was performed in 
spectrophotometer (ColorQuest XE, Hunterlab, Virginia, EUA) 
using COELab/COELCH with coordinates L*, a*, b*, chroma (C*) 
and Hue angle (H°) (Ferreira, 1981).

pH, titratable acidity, total and soluble solids

The analyses were conducted according to the methods 
recommended by Association of Official Analytical Chemists 
(2000). For pH and titrable acidity an automatic titrator was 

used (785 DMP Titrino, Metrohm, Herisau, Switzerland). Total 
solids were determined by gravimetry in vacuum oven at 70 °C 
(ADP-31, Yamato, South San Francisco, EUA) and soluble solids 
in portable digital refractometer (Pal-3, Atago, Tokyo, Japan).

2.5 Statistical analysis

The analytical results were expressed as mean and standard 
deviation of measures performed in triplicate. Experimental 
data were analyzed with Statistica 7.0 software (Statsoft Onc., 
Tulsa, OK, EUA), using variance analysis (ANOVA), at p<0.05. 
For estimation of the best formulation the main parameters were 
considered, taking also in account the technique of simultaneous 
optimization of independent variables (desirability).

The desirability is based on the conversion of each response, 
as, in this study, global acceptance, consistency and antioxidant 
capacity, in an individual desirability function with values 
defined between zero (0) and one (1), where 0 corresponds to an 
undesirable response and 1 to a desirable response (Akhanazarova 
& Kafarov, 1982).

3 Results and discussion
3.1 Pulps characterization

The main characteristics of the raw materials are presented 
in Table  2. As expected, banana pulp presented the higher 
content of soluble solids, which is directly related to the sugar 
concentration in the fruit. This confirms that banana can be 
a potential source of sugars in the developments of products 
free of added sugar. Furthermore, among the fruits used in this 
work, as expected, banana pulp contains also the higher total 
solids content, corroborating the results observed for soluble 
solids content.

Regarding the bioactive compounds, a higher concentration 
of phenolic compounds and higher antioxidant capacity was 
observed in juçara pulp, which is due, mainly, to its high 

Table 2. Physicochemical characteristics, bioactive compounds and 
antioxidant capacity of banana, strawberry and juçara pulps.

Parameter Banana pulp Strawberry 
pulp Juçara pulp

pH 4.90 ± 0.01 3.71 ± 0.01 4.61 ± 0.02
Soluble solids (°Brix) 23.1 ± 0.1 5.5 ± 0.2 5.0 ± 0.1

Acidity (g.100 g-1)1 0.27 ± 0.01 0.58 ± 0.01 0.23 ± 0.01
Total solids (%) 22.6 ± 0.6 5.8 ± 0.1 9.4 ± 0.4

TPC (mg.100 g-1)2 28 ± 2 223 ± 12 860 ± 9
TMA (mg.100 g-1)3 np 10.1 ± 0.1 240 ± 1

AC (µmol Trolox.g-1) 0.50 ± 0.04 10.0 ± 0.3 43.3 ± 2
a* 2.2 ± 0.2 10.8 ± 0.5 2.1 ± 0.1
b* 6.1 ± 0.3 -0.12 ± 0.04 -1.08 ± 0.03
L* 41.8 ± 0.8 36.3 ± 0.5 29.9 ± 0.1
H° 70 ± 2 359 ± 1 332 ± 1

1Expressed in citric acid; 2Expressed in gallic acid; 3Expressed in cyanidin-3-
glucoside. TPC - Total phenolic compounds; TMA - Total monomeric anthocyanin; 
AC - Antioxidant Capacity; a* - intensity of red; b* - intensity of yellow; L* - luminosity; 
H° - Hue angle; np - not performed.
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anthocyanins content represented, in majority, by cyanidin-3-
rutinoside (Bicudo et al., 2014).

Strawberry pulp presented an intermediate value of phenolic 
compounds and has stood out by its characteristic acidic pH, 
also reported by Oliveira et al. (2013). This aspect of strawberries 
is important in the formulation of blends as it contributes to 
the microbiological preservation by reducing the blend pH and 
acting as a barrier for microorganisms’ growth. Moreover, the 
combination of right proportions of such acidity with other 
sensory attributes has contributed to balance the flavor of the 
blend, affecting its acceptance.

Color parameters a* e b* indicate the intensity of red and 
yellow, respectively. Ot can be noted that parameter a*, both for 
strawberry and juçara pulp, is in the range of red color (positive), 
with more intensity in strawberry pulp. Banana pulp, on the 
other side, presented a slight yellow color, as parameter b* was 
near zero. Luminosity (L*) was higher in banana pulp and lower 
in juçara pulp, due to the intrinsic hue of each one.

Parameter H° (Hue angle) belongs to the COELcH color 
system that uses coordinates cylindrical instead of Cartesian. 
On this system, H° refers directly to the sample color, being an 
important parameter for evaluation products and processes, 
where 0° is +a* (red), 90º is +b* (yellow), 180° is -a* (green) and 
270° is -b* (blue). Therefore, as much as close to 0° is the value, 
closer to red is the observed color (Minolta, 1991; Lawless & 
Heymann, 1999). Also for this parameter, the predominance of 
the red color for strawberry pulp is observed while for juçara 
pulp the value is in the range of the violet and purple color. 
And, as expected, the yellow color for banana pulp, as already 
demonstrated by COELab.

3.2 Smoothie sensory evaluation and bioactive compounds

Based on the sensory evaluation data (Table 3), it can be 
noted that, except for formulation 1, all the other smoothie 
formulations got scores of global acceptance higher than 5, which 
characterizes their acceptance. The low acceptance of formulation 
1 is probably associated to its higher concentration of strawberry 
pulp that causes an increasing in its acidity. On general, the scores 
increased with the increase in banana pulp concentration being 
formulation 2 the most accepted. Pareto´s chart (Figure  1) 
confirms this trend as it shows the higher effect of banana pulp 
on the formulated products acceptance. As discussed, banana 
pulp is the one that contributes most for the sweetness of the 
blends, which explains the higher score of formulation 2.

The percentage of banana and strawberry pulps presented 
positive effect on the product consistency. Formulation 3, containing 
equal amounts of strawberry and banana pulp, presented the 
higher score (7) for this attribute (Table 3). The combination 
of pulps in such proportion provided a desirable fluidity to the 
product, increasing its sensory acceptance.

Pontes  et  al. (2010), when evaluated the acceptance of 
commercial grape juice in Brazil, reported a similar result to 
that obtained in this work, where the samples presenting higher 
sweetness were the most accepted by the panelists. The same 
behavior was also observed by Rødbotten et al. (2009), when 

evaluating the acceptance of apple juice containing different 
concentrations of added sugar. On an experiment conducted in 
Norway and Spain, in both countries they verified that the higher 
the sugar content the greater the juice acceptance. On the present 
work, as the sweetness is only due to the sugar composition of 
the fruits, mainly the banana, without added sugar, the smoothie 
becomes an alternative for a healthy diet.

The values of phenolic compounds and antioxidant capacity of 
the smoothies are presented in Table 3, where it can be observed 
a correlation between these two variables (r = 0.998, p<0.05). 
As already seen, among the evaluated pulps, juçara presents a 
higher concentration of phenolic compounds and anthocyanins, 
which contributes to the high contents of these substances in 
the blends. On addition, it was verified that the strawberry pulp 
had a significant contribution to the antioxidant capacity of the 
smoothies when compared to the contribution of the banana 
pulp (Figure 1), as this fruit has the lower content of phenolics 
compounds (Table 3).

When considering the concentration of phenolic compounds, 
which are directly related to the antioxidant capacity, formulation 
1 stands out. However, this formulation was rejected in sensory 
analysis, most likely due to its lower sweetness and higher acidity.

Regarding the contribution of phenolic compounds to health, 
it is known that their ingestion is recommended as they have 
been related, in many studies, to the reduction of the incidence 
of non-communicable chronical diseases such as metabolic 
syndrome and cancer (Norberto et al., 2013; Verma et al., 2013). 
Anthocyanins, particularly, are recognized as an anti-inflammatory 
and antioxidant agent (Carvalho et al., 2015), besides of other 
protective effects to human body. This further justifies the use 
of fruits that are rich in these compounds for the development 
of new products, which contributes also to their added-value 
as well as to a healthier diet.

A technological function of using fruits rich in anthocyanins, 
like juçara, is the possibility of not using artificial colorants in 
the products development. Ots intense and typical color generate 
attractive products both from a sensory and health point of view, 
as artificial colorants have been related to allergenic diseases 
(Brasil, 2007) and also to the development of attention deficit 
hyperactivity disorder, topical dermatitis, hepatic toxicity, among 
others (Vojdani & Vojdani, 2015).

Table 3. Sensory acceptance and bioactive compounds of the formulations 
of banana, strawberry and juçara smoothie.

Global 
acceptance Consistency TPC1

(mg.100 g-1)*
TMA2

(mg .100 g-1)*

AC
(µmol 

Trolox.g-1)*
F1 5 ± 2 6 ± 2 3448 ± 150 498 ± 3 146 ± 9
F2 7 ± 2 6 ± 2 1310 ± 43 169 ± 1 55 ± 2
F3 6 ± 2 7 ± 2 1703 ± 36 262 ± 4 74 ± 4
F4 6 ± 2 6 ± 2 2527 ± 85 369 ± 2 104 ± 8
F5 7 ± 2 7 ± 2 1628 ± 33 224 ± 1 71 ± 6
*Results expressed in dry basis; 1Expressed in gallic acid; 2Expressed in cyanidin-3-
glucoside. TPC – Total phenolic compounds; TMA – Total monomeric anthocyanins; 
AC – Antioxidant capacity.
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All the formulations presented low pH, below 4.35 (Table 4), 
which is a barrier for microorganisms growth. The contribution 
of low pH for the microbiological stability of fruit juices has 
been reported by Wang et al. (2016) and Février et al. (2017).

On addition, blends were pasteurized to assure the microbiological 
quality as heat treatment reduces the initial microbial load while 

3.3 Instrumental color and physicochemical characteristics

Ot can be noted, among the color parameters evaluated 
(Table  4), that the luminosity of the samples was between 
27 e 31, low values, as expected due to the characteristic colors 
of juçara and strawberry.

With respect to Hue angle (H°), values were in the range 
that comprises the red color, presenting low variation among 
the formulated juices. This suggests little effect of the percentage 
of banana pulp in the final color of the products, highlighting 
the colors of strawberry and juçara pulps.

Regarding the color intensity (C*), it was higher in the 
formulations with higher amount of strawberry (formulations 1 and 4). 
However, like the other color parameters, little variation was 
observed in the evaluated formulations. Considering the 
instrumental color, it was observed that the pulps combination 
visually favored the formulated products.

Figure 1. Effect of percentages of banana and strawberry pulps in the acceptance and consistency (A) and antioxidant capacity and total phenolic 
compounds (B) of the smoothie formulations.

Table 4. Physicochemical characteristics and color parameters of the 
formulations of banana, strawberry and juçara smoothie.

L* H° C* pH SS Acidity1

F1 30.2 ± 0.2 355.3 ± 0.1 4.9 ± 0.1 3.92 ± 0.01 8.6 ± 0.1 0.45
F2 27.4 ± 0.2 356.0 ± 0.2 4.6 ± 0.4 4.32 ± 0.01 15.4 ± 0.1 0.36
F3 31.0 ± 0.2 355.2 ± 0.7 4.7 ± 0.1 4.11 ± 0.01 12.1 ± 0.1 0.41
F4 29.1 ± 0.3 354.8 ± 0.4 5.6 ± 0.2 4.04 ± 0.06 10.6 ± 0.1 0.43
F5 31.0 ± 0.2 355.3 ± 0.5 4.1 ± 0.2 4.20 ± 0.02 13.9 ± 0.1 0.38
L* - luminosity; H° - Hue angle; C* - chroma; SS - soluble solids (°Brix); 1Expressed in 
mg citric acid.100 g-1.
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it contributes to sensory quality by inactivating the oxidative 
enzymes (Santhirasegaram et al., 2015).

As previously discussed, the soluble solids contents of the 
blends confirm the contribution of banana to the sweetness of the 
formulations and, as expected, it was lower in the product with 
higher amount of strawberry pulp (formulation 1). On addition 
to the higher acidity, it has, possibly, resulted in the rejection of 
this specific sample.

3.4 Desirability function

On Table 5 the main parameters used for optimizing the 
formulation are presented: the low and high limits, the median 
values and, in parentheses, the desirability of these limits, where 
zero represents the undesirable values and one the desirable 
ones. Values of s and t exponents determine the importance of 
each factor in optimization process. On this work value one was 
attributed to these parameters in all responses, as they have the 
same relevance for obtaining a fruit juice blend with sensory 
acceptability and antioxidant capacity.

The simultaneous optimization of sensory evaluation 
responses (global acceptance and consistency) and antioxidant 

capacity of the formulations suggested that the best interaction 
of these responses, among the evaluated samples, occurred when 
the smoothie was prepared with equal amounts of banana and 
strawberry pulp, which to the codified independent variables 
corresponds to level 0.5 for the percentages of both pulps.

The value of desirability (0.6) after fitted data, presented in 
Figure 2, corresponds to the acceptable range, according to the 
criteria of Akhanazarova & Kafarov (1982), even if it is below 
the range recognized as excellent (0.8 to 1.0), according to the 
same authors. However, this tool proved to be adequate to 
reinforce the choice of the best percentage interaction of banana 
and strawberry pulps (0.5:0.5) to the preparation of the blend.

Table 5. Parameters for optimizing the responses of the formulations 
of banana, strawberry and juçara smoothie.

Responses Low limits Median 
value High limits s t

Acceptance 4.7 (0) 5.8 (0.5) 6.9 (1) 1 1
Consistency 5.7 (0) 6.2 (0.5) 6.8 (1) 1 1
Antioxidant 

capacity
54.7 (0) 100.2 (0.5) 145.8 (1) 1 1

s and t - exponents determine the importance of each factor in optimization process.

Figure 2. Profile of estimated values and desirability for the responses sensory acceptance, consistency and antioxidant capacity of the formulations 
of banana, strawberry and juçara smoothie.
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4 Conclusions
The applied mixture experimental design permitted to obtain 

four formulations of a banana, strawberry and juçara smoothie 
with sensory acceptance and relevant values of antioxidant 
capacity. The choice of the best blend was performed considering 
both the acceptance scores and potential functional properties 
of the smoothie, which indicates blend 3, containing equal 
amounts of banana and strawberry pulps, as the most promising. 
This  product development may contribute to valorization of 
juçara productive chain.
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