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Abstract 
Pitaya and acerola are fruits rich in nutrients and can be used in blends formulation in order to improve the 
sensory characteristics of both pulps in isolation and complement each other in terms of nutritional aspects. Thus, 
the aim of this research was to develop different blends of pitaya pulp with acerola and choose the best 
formulation based on physical-chemical and colorimetric characteristics. Three blends formulations were 
prepared: F1-90% pitaya and 10% acerola; F2-70% pitaya and 30% acerola; and F3-50% pitaya and 50% acerola. 
The formulations were evaluated for physical-chemical parameters of water activity, water content, ash, total 
soluble solids (SST), pH, total titratable acidity (ATT), SST/ATT ratio, ascorbic acid, proteins, lipids, sugars 
totals, reducers and non-reducers and colorimetric analysis. The obtained data were subjected to variance 
analysis (ANOVA) and to comparison between means by the Tukey test at 5% probability. The formulation F1 
stood out when compared to the others. The parameters pH, soluble solids, ratio SS/ATT, ash, water content, 
water activity, proteins, sugars, luminosity and hue angle were the ones that gave the formulation F1 the best 
results. However, it is noteworthy that the formulation F3 presented a greater amount of ascorbic acid and higher 
values of a, b and chroma in the colorimetric analysis. The use of these fruits allows to obtain an innovative 
product with excellent nutritional and functional characteristics. The blend is a viable alternative for the use of 
perishable and seasonal fruits, adding greater economic value to the very promising product to the market. 
Keywords: fruits, Hylocereus undatus, Malpighia emarginata, new products, processing 

1. Introduction 
Brazil has a great diversity of fruits produced and sold nationwide, however, in parallel there is a great waste due 
to perishability and/or inadequate storage. It is estimated that around 50% of the volume produced is lost in the 
post-harvest stages, thus limiting commercialization in other markets more distant from the place of production 
(Silva et al., 2016; Lima et al., 2018). 

Pitaya is a tropical fruit belonging to the Cactaceae family. In Brazil, its production is concentrated in the 
Southeast region, in the state of São Paulo, however, the interest in the fruit is growing, due to being exotic and 
its peculiar nutritional and sensory properties (Molina et al., 2014; Ortiz & Takahashi, 2015). The species 
Hylocereus undatus has white colored pulp and red skin, and Hylocereus polyrhizus has intense red colored skin 
and pulp (Wong & Siow, 2015).  

The red white pulpy pitaya (Hylocereus undatus) is one of the most cultivated species in Brazil, and has been 
arousing great interest on the part of the producers for its high productive capacity and the great acceptance in 
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the export market, providing highly compensatory economic gains, in addition to constitute an excellent source 
of nutrients (Fernandes, 2011).  

As for the nutritional composition, pitaya stands out for its high content of fibers, minerals (iron and zinc), 
vitamin C and A and also the content of bioactive compounds (pigments and phenolic compounds). The presence 
of these antioxidant substances has aroused interest in this fruit due to the potential beneficial effect of these 
substances on human health (Nunes et al., 2014). 

Acerola (Malpighia emarginata), a member of the Malpighiaceae family, originated in Central America, is a fruit 
of high acidity, low pH and sugars, a very expressive content (1000 to 4500 mg·100 g-1) and contains a multitude 
other phytonutrients, such as phenolic compounds, flavonoids, anthocyanins and carotenoids (Almeida et al., 
2014; Delva & Schneider, 2013; Prakash & Baskaran, 2018).  

The processing of these fruits in the form of blends is an alternative to minimize surpluses during the harvest 
season and add value to the fruits, offering the competitive market new products, with better properties of the 
fresh fruit and greater use of its functional properties. Blends are mixtures of juices or pulps, elaborated with the 
purpose of improving the sensory characteristics, enhancing the nutritional part of the product, either by its high 
content in vitamins or by its functional characteristics, such as antioxidants (Silva et al., 2014).  

The elaboration of fruit blends allows the creation of innumerable new products with characteristics that can be 
chosen according to the profile of the consumer to be reached. Depending on the chosen combination, you can 
have products with higher levels of certain nutrients, with specific colors, as well as varied flavors and aromas 
(Lemos et al., 2013).  

Blends of pytaia and acerola pulps make up a new product, with nutritional characteristics of the two pulps, with 
different flavors and aromas. The chemical composition of each fruit used adds up and affects the final 
characteristics of the products obtained, so the objective of this work was to carry out the physical-chemical 
characterization and colorimetry of different formulations of pitaya and acerola pulp blends elaborated with 
different proportions of pulps. 

2. Method 
2.1 Acquisition of Raw Material and Research Location 

The fruits of acerola (M. emarginata) and pitaya (H. undatus) were acquired in the commerce of the city of 
Campina Grande-Paraíba, Brazil. A research carried out at the Agricultural Products Storage and Processing 
Laboratory (LAPPA) at the Federal University of Campina Grande, Campina Grande Campus.  

2.2 Processing of Fruits and Blends Elaboration 

The fruits were initially selected for their maturation stage, washed in running water to remove dirt and sanitized 
in chlorinated solution (100 ppm of active chlorine) for 15 min and rinsed in running water, crushed in a 
multiprocessor to produce the pulps, which they were then homogenized in a domestic blender (Walita® 1500 
W). The whole process was carried out separately for each type of fruit. After obtaining the pulps, three blending 
formulations were prepared: F1-90% pitaya and 10% acerola, F2-70% pitaya and 30% acerola, F3-50% pitaya 
and 50% acerola.  

2.3 Colorimetry Analysis 

The pulp blends were evaluated, in triplicate, for the color determined by direct reading using the MiniScan 
HunterLab XE Plus spectrophotometer, model 4500 L, with a Cielab color system. The parameters determined 
were: L*, which represents the luminosity, that is, the transition from black (0) to white (100); a* which 
represents the transition from green (-a*) to red (+a*); b* the transition from the intensity of the blue color (-b*) 
to the yellow color (+b*). From these parameters, the values of chroma (c*) and tint angle (angle h°) were 
calculated. The water activity at 25 oC was performed by direct reading of the sample on the Aqualab model 3TE 
equipment (Decagon Devices, Inc.). 

2.4 Physicochemical Characterization 

The following physical-chemical parameters were also analyzed, according to the analytical procedures of the 
Adolfo Lutz Institute (Brasil, 2008): pH in a digital pot; water content through direct drying in a vacuum oven 
(70 °C); ash by muffle incineration at 550 °C; titratable total acidity by titration with 0.1 M NaOH; total soluble 
solids (°Brix) by direct reading on a digital refractometer; protein content quantified according to the Kjeldahl 
method; lipids determined by the methodology of Bligh and Dyer (1959) with chloroform, methanol and water; 
total and reducing sugars were determined by the Fehling method by hot titration, and non-reducing sugars 
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obtained by the difference between total and reducing sugars. The SST/ATT ratio was obtained by the ratio 
between total soluble solids (SST) and total titratable acidity (ATT). 

The ascorbic acid content was determined by titration with 2.6 dichlorophenolindophenol sodium (DCFI) until 
the light pink, persistent color was obtained, using oxalic acid (Benassi & Antunes, 1988) as an extracting 
solution following the AOAC (2009) procedure. 

2.5 Statistic Analyzes 

The experiment was installed in a completely randomized design, with three replications. The data were 
subjected to analysis of variance (ANOVA) and according to the significance of the F test, Tukey’s test was 
applied at 5% probability, using the computer program ASSISTAT, version 7.7 Beta (Silva & Azevedo, 2016). 

3. Results and Discussion 
Table 1 shows the average values of the analyzed parameters of blends of pitaya pulp with acerola. The mean pH 
values showed statistical difference between the formulations. It is observed that according to the increase in the 
concentration of the acerola pulp, there was a decrease in pH and an increase in the total acidity content. Low pH 
values are a preferable condition by the industry, since during processing this condition promotes a decrease in 
enzymatic activity and microbial growth.  

Brazilian legislation portrays minimum pH levels (2.8) and total titratable acidity (0.8 g·100 g-1) for acerola pulp, 
however, for pitaya pulp it is not defined (Brasil, 2018). Thus, considering only the requirements for acerola pulp, 
it is observed that the formulations showed pH and total titratable acidity above the minimum required by it. 

Bezerra et al. (2013) when evaluating the mixed juice of tropical fruits (5% acerola pulp, 10% passion fruit pulp 
and 20% taperebá pulp) obtained a pH equal to 3.3, lower than that obtained in the three formulations of this 
research. Reis et al. (2017) reported total titratable acidity of 1.12% and Souza et al. (2015) of 1.33% citric acid 
for the acerola pulp. In the study by Braga et al. (2020) with mixed nectar of pitaya and passion fruit, detected 
pH values ranging from 4.30 to 4.40, above that found in the present study. Total titratable acidity ranged from 
0.38 to 0.62 mL·100 mL-1 close to that reported in the present study.  

 

Table 1. Average values and standard deviations of the physical-chemical parameters evaluated in pitaya blends 
with acerola. 

Parameters 
Formulations 

F1  F2 F3 

pH 4.13±0.01a 3.77±0.01b 3.56±0.01c 
Total titratable acidity (% citric acid) 0.46±0.01c 0.68±0.01b 0.91±0.02a 
Total soluble solids (°Brix) 11.87±0.12a 10.30±0.10b 9.46±0.12c 
Ratio SST/ATT 25.43±0.57a 15.07±0.26b 10.41±0.26c 
Ashes (%) 0.57±0.01a 0.54±0.01b 0.44±0.01c 
Water content (%) 87.96±0.16c 88.95±0.24b 89.86±0.13a 
Water activity at 25 °C 0.989±0.001a 0.992±0.002a 0.991±0.001a 
Ascorbic acid (mg.100 g) 162.16±2.85b 167.34±3.79b 194.35±3.51a 

Lipids (%) 0.13±0.03a 0.13±0.03a 0.14±0.05a 
Proteins (%) 0.71±0.05a 0.66±0.05a 0.63±0.09a 
Total sugars (% glucose) 13.87±0.33a 11.70±0.47b 10.50±0.09c 
Reducing sugars (% glucose) 9.18±0.21a 7.66±0.26b 8.87±0.20a 
Non-reducing sugars (% sucrose) 4.45±0.28a 3.84±0.68a 1.55±0.28b 

Note. Means followed by the same letter on the line, do not differ statistically from each other by the Tukey test 
at the level of 5% probability. 

 

The total soluble solids (SST) content of the blends ranged from 9.46 to 11.87 °Brix. Note that F1 had a higher 
content. In the current legislation the minimum required content of total soluble solids (TSS) for acerola pulp is 
5.5 °Brix, so the formulations studied are within the minimum required values. The main sugars in fruits are: 
glucose, fructose and sucrose in varying proportions, according to the species. Considering the low acidity and 
the high SST content, it can be assumed that the fruits were in an advanced stage of maturation at the time of 
production of the blends, since the acidity tends to decrease with ripening and the SST content increase. 
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Oliveira et al. (2014) obtained levels of total soluble solids for acerola pulps ranging from 5.57 to 8.27 °Brix. In 
studies with blends, higher levels were reported. Gomes et al. (2019) worked with blends composed of pineapple, 
carrots and cabbage sweetened with honey, the authors observed levels of total soluble solids ranging from 11.23 
to 13.53 °Brix. Ribeiro et al. (2019) analyzed kiwi blends with passion fruit and obtained levels of total soluble 
solids 12.0 and 55.66 °Brix for fresh and freeze dried, respectively. 

The relationship between total soluble solids and total titratable acidity (SST/ATT) of the formulations produced 
showed statistical differences between them. The F1 formulation showed a higher value (25.43), possibly due to 
the greater amount of pitaya in the formulation, and it was observed that as the concentration decreases, the ratio 
value decreases accordingly. 

According to Cardoso et al. (2010) the SST/ATT ratio is the most common measure of flavor, especially 
sweetness is assessed using this parameter, and if sweetness is high and acidity is low, blends are characterized 
as sweet. Silva et al. (2016) obtained for this parameter 13.98 in pineapple blends with acerola. Lessa (2019) 
analyzed the whole pulp of the pitaya fruit, obtaining an average of 39.5 in this parameter. 

The ash content varied from 0.44 to 0.57% in the three formulations. This parameter has no minimum limit 
required in the current legislation for both pulps used, however, research reports percentages close to the present 
study. Gadelha et al. (2009), detected a content equivalent to 0.31%, while Lima et al. (2015) 0.19% in acerola 
pulp. In blends of beautiful papaya and Indian fig, Silva et al. (2013) reported ash content ranging from 0.34 to 
0.47%, close to that obtained in the present study. 

Regarding the water content, the formulations showed a high percentage. Note that as the amount of acerola pulp 
increased, the water content also increased. High levels of water have been reported for acerola and pitaya pulp. 
Jerônimo et al. (2015) reported levels of 86.03% and García-Cruz et al. (2013) 87.1 and 89.0% in pitaya pulp, 
levels close to that detected in the present study. On the other hand, Reis et al. (2017) and Caetano et al. (2012) 
obtained, respectively, 90.75% and 91.17% in acerola pulp, presenting values above that observed in the present 
study. 

In the analysis of water, lipid and protein activity, it was observed that there was no statistical difference between 
the three formulations. As for the water activity of the three formulations, the values were higher than 0.9, which 
characterizes the blends as high humidity foods (Aw > 0.85), favoring the deterioration by microorganisms. Thus, 
care is needed during the processing of blends, as the low water content and water activity favors perishability, 
thus affecting the stability, quality and composition of the product. 

The contents of lipids and proteins were presented in small amounts in the three formulations. However, it is 
emphasized that the current legislation does not establish minimum limits for these parameters. 

Although the content of proteins and lipids showed decreases with higher content of pitaya, it presented a 
slightly higher protein content than the other samples. De Mello (2014) evaluated the pitaya pulp (H. undatus) in 
the 2011 and 2012 harvest, which obtained a lipid content of 0.39% and 0.06% and protein of 0.84% and 0.62%. 
Duarte (2013) and Abreu et al. (2012) obtained mean values of 0.73 and 0.47% for lipids and 1.33 and 0.87% for 
proteins, respectively. Nascimento et al. (2018) observed 0.99% of lipids in industrial acerola pulp, while in 
artisanal pulp, this content was not detectable. As for protein content, they detected 2.25% in artisanal pulp and 
2.71% in industrial pulp. 

There was an increase in the ascorbic acid content as the concentration of acerola (F3) increased, differing 
statistically from the other formulations. In the current legislation, the acerola pulp must present at least 800 
(mg.100g) of ascorbic acid, a value higher than that obtained in the present study. Thus, the blends did not meet 
the requirements for this parameter. However, it is noteworthy that the largest proportions of pulp in the blends 
were from pitaya, which may justify a low content of ascorbic acid, since this fruit has a low content of this 
vitamin. (17.7 mg·100 g-1) (Abreu et al., 2012). It is worth mentioning that ascorbic acid is one of the most 
unstable nutrients, therefore, it needs more attention for the appropriate handling conditions. 

When making mixed mango, guava and acerola juices Faraoni et al. (2012) detected levels of ascorbic acid 
ranging from 29.14 to 69.29 mg·100 mL-1, lower than the values of the present study. Souza et al. (2015) 
featuring two blends of genipap and acerola, found that as the acerola pulp in the formulation increased, there 
was an increase in the ascorbic acid content (from 156.54 to 257.55 mg·100 g-1), a behavior similar to that of the 
study.  

As for total sugars, there was a statistical difference between the three formulations. However, formulations F2 
and F3 showed a statistical difference for reducing sugars and non-reducing sugars, respectively. In the current 
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legislation there is only a minimum content requirement for total sugars is 4 (g·100 g-1) in the acerola pulp, thus 
it is observed that the formulations had levels above the minimum required by it.  

It is noteworthy that the F1 formulation stood out due to the others, as it presented the highest levels of total 
sugars (11.87% glucose), reducing sugars (9.18% glucose) and non-reducing sugars (4.45% sucrose). These 
differences can be justified according to the different points of harvest of the fruits and concentrations of the 
pulps used in the elaborated formulations. 

Carvalho et al. (2017) when analyzing mixed tropical pulp composed of acerola, pineapple, açaí, cashew, cajá 
and camu-camu obtained values of 9.30 and 10.60 for total sugars using different proportions of the fruits 
mentioned above. Caetano et al. (2012) when evaluating acerola pulp found levels of 5.26 and 5.14 for reducing 
sugar (% glucose) and non-reducing sugar (% sucrose), respectively. Studies by Silva et al. (2017) and De Mello 
(2014) found values for reducing sugars for pitaya pulp (H. undatus) of 9.92% and 9.54%; and non-reducing 
sugars 1.32% and < 0.50, respectively. 

Table 2 shows the average values of the color analysis of the blends. The brightness parameter (L*) ranges from 
0 (black) to 100 (white). When the values are close to 100, the sample is clearer. The luminosity of the F1 
formulation showed a higher average, indicating that the blend was lighter. However, there was no statistical 
difference between formulations F2 and F3.  

Formulation F1 showed a high tonality angle. The greater luminosity and shade angle in the F1 formulation are 
due to the greater amount of pitaya, which has white colored pulp. The a* coordinate was positive in the three 
formulations, indicating that the blends were in the red intensity scale and there was a significant difference 
between the three formulations. In the b* coordinate, the three formulations were positive indicating that they 
have yellow intensity and there was a significant difference between them. Formulation F3 showed a higher 
value of +a*, +b* and chromatography, due to the higher proportion of acerola pulp. 

 

Table 2. Results of color analysis of pitaya blends with acerola 

Parameters F1 F2 F3 

L 62.88±0.83a 60.73±0.03b 59.40±0.46b 
a* 4.52±0.04c 8.45±0.28b 11.29±0.04a 
b* 37.43±0.26c 41.23±0.22b 45.23±0.55a 
Chroma (c*) 37.70±0.26c 42.08±0.18b 46.62±0.54a 
Tint angle (h*) 83.11±0.10a 78.42±0.31b 76.00±0.12c 

Note. Means followed by the same letter on the line, do not differ statistically from each other by the Tukey test 
at the level of 5% probability. 

 

The visual impact caused by color overlaps all other attributes, making this attribute one of the most important in 
food marketing and thus constituting the first criterion for accepting or rejecting a product (Tocchini & 
Mercadante, 2001). 

Studying pitaya varieties for juicing, Ochoa-Velasco et al. (2012) observed in the color analysis of the white 
pitaya pulp the values of the parameters L*, a* and b* of 88.94, 3.84 and 5.65, respectively. Sá (2015) obtained 
average values of the coordinates L*, a* and b* of 88.38; 4.48 and 9.41, respectively, for pitaya pulp.  

Silva et al. (2016) obtained in a pineapple blend with L* acerola (28.32); a* (35.30); b* (28.38). Lima et al. 
(2012) obtained values of L* (38.23); a* (32.56); b* (33.31); c* (46.96) and h* (45.43) and Canuto et al. (2010) 
found for L* (23.8); c* (33.2) and h* (19.6) and in acerola pulp. 

4. Conclusions  
The physical-chemical and colorimetric analyzes of the blends showed that the F1 formulation stood out when 
compared to the others. The parameters pH, soluble solids, ratio SS/ATT, ash, water content, water activity, 
proteins, sugars, luminosity and shade angle were the ones that gave the formulation (F1) the best results. 
However, it is noteworthy that the ascorbic acid parameter was shown in greater quantity in sample F3 as well as 
higher values of a*, b* and chroma (c*) in the colorimetric analysis. Therefore, the use of these fruits allows to 
obtain an innovative product, with excellent nutritional and functional characteristics, and the blend is a viable 
alternative for the use of ripe, surplus production and seasonal fruits, adding economic value to the product. 
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