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Abstract 

The Amazon is a world leader in terms of plant diversity. 

However, many Amazonian fruits have not entered in the market, as 

for example, the cocona (Solanum sessiliflorum Dunal). The objective 

of this work was to select one fruit, widely commercialized such as 

orange, tangerine, pineapple, passion fruit, strawberry, guava or 

pitaia, to use in combination with cocona to develop a mixed juice with 

a high potential market. The juice of each fruit employed was obtained 

using a domestic processor and diluted with water in a 1:1 ratio. The 

juice combinations to prepare the mixed juice also followed a 1:1 ratio. 

The seven mixed juices were evaluated using the preference test and the 

combination of cocona + pineapple was selected by 84% of the 

untrained tasters. Then, three mixed juices were prepared with both 

fruits: i) whole cocona + pineapple, ii) whole cocona blanched + 

pineapple and iii) cocona placenta + pineapple. The mixed juices (i) 

and (ii) were composed of both fruits plus water in 1:1:2 ratio and (iii) 

1:1:20 ratio with 120 g/L of sugar added. The results obtained by the 

scores of 52 to 58 untrained tasters showed no difference in both 

acceptability and purchase intent tests for three mixed juices. The 

acceptance index for the mixed juices (i) and (ii) were 81% and 83%, 
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respectively, demonstrating a high potential to be commercialized. 

Also, the blend (iii) showed a high market potential (81%) being an 

alternative for the manufacture of mixed sweetened drinks or soft 

drinks. 

 

Key words: Solanum sessiliflorum, cubiu, Ananas comosus, 

pineapple cv. Turiaçu, tropical fruit, mixed juice. 

 

 

INTRODUCTION 

 

The Amazon is a world leader in terms of plant diversity. However, 

very few species have entered in the fruit market. One fruit that has 

market potential is the cocona (Solanum sessiliflorum Dunal) (Figure 

1). This fruit is well adapted to the Amazon and has a peculiar and 

characteristic flavor and aroma, quite different from other fruits. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Fruits of cocona. A- Freshly picked cocona, as it is a 

climacteric fruit it can be picked partially ripened. B- Fully ripe 

fruit, CUB-08 genotype. (Photos of César Ticona) 

 

The cocona is a species of the Solanaceae family and it is distributed 

in the Amazon of Peru, Colombia and Brazil, being known is these 

countries as topiro, cocona and cubiu, respectively. In Peru and 

Colombia, it is often used as a refreshing cold drink. In Brazil it is still 

unknown, although there are phytotechnical recommendations (Silva 

Filho 1998, 7-10) and well-characterized genotypes at the Instituto 

Nacional de Pesquisas da Amazônia, plant breeding laboratory (Silva 

Filho et al. 2005). The fruit yield of these varieties range between 50 
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to 100 t/ha, in an average cycle of 10 months, three months in a 

greenhouse making seedlings and seven months in the field, 

harvesting fortnightly since the fifth month. The fruit size, flavor and 

aroma vary between varieties (Andrade Júnior et al. 2016, 1193).  

Despite the underuse of peach tomato, there is a promising 

future for this Amazonian species. Considering the data already 

published in the literature related to nutritional, functional, 

technological, agricultural and economical aspects of this fruit, it has 

clear potential for development of new food products in line with the 

five category groups regarding the demands and trends of global food 

consumers and market. 

According to the Brasil Food Trends 2020 project, the 

demands and trends of global food consumers have been divided into 

five categories of groups: i) “sensoriality and pleasure”, ii) “healthiness 

and well-being”, iii) “convenience and practicality”, iv) “reliability and 

quality " and v)" sustainability and ethics ". The trends of 

“sensoriality and pleasure” emphasize the interest in new flavors. 

Trends in “healthiness and well-being” have led to the demand for 

functional foods and the growth of a new generation of natural 

products. The trends of "convenience and practicality" have led to the 

consumption of products in small portions, with easy-to-open, closed 

and discarded packaging, products suitable for eating in different 

places and situations. These trends converge with the needs for 

healthiness and well-being, resulting in an increased demand for 

convenient foods based on plant products (fruits, vegetables, flowers 

and medicinal plants). The trends related to “reliability and quality” 

demand products developed based on good manufacturing practices 

and risk control to build the credibility of the product brands and gain 

the trust and preference of consumers. Trends related to 

“sustainability and ethics” have led to the emergence of consumers 

concerned with the environment and interested in products linked to 

social causes. In the Brazilian market, it was observed that trends 

tend to occur in a similar way to the international trends. Of the four 

trends found in Brazil, three of them are similar to the global ones (i, 

ii and iii), and the fourth would be a merger between iv and v 

(Barbosa et al. 2010, 43-47). 

The cocona fruits have high moisture content and low 

concentrations of protein, lipids and carbohydrates and, consequently, 
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has low energy values (Yuyama et al. 2007, 427-428). It is an 

important source of soluble functional fibers (pectin), citric acid and 

ascorbic acid (Andrade Júnior et al. 2016, 1192). In addition, peach 

tomato has carotenoids (β-carotene and lutein), flavonoids and other 

phenolic compounds. The 5-caffeoylquinic acid was the major and 

represented more than 78% of the total phenolic compounds 

(Rodrigues, Mariutti and Mercadante 2013, 3022). Other secondary 

metabolites found were p-cumaric acid, p-hidroxidihidric-cumaric acid 

(Cardona, Cuca and Barrera 2011, 197). In relation to minerals, 

depending on ethnovariety it contains potassium (513.5 mg/100g), 

calcium (18.8 mg/100g), magnesium (13.3 mg/100g), iron (564 

µg/100g), chrome (99 µg/100g), copper (596 µg/100g), manganese (181 

µg/100g) and selenium (3,93 µg/100g) (Yuyama et al. 2007, 428; 

Almeida and Pereira 2011, 13-15). Also, cocona has been shown to 

possess hypolipidemic properties (Maia et al. 2015, 118) and 

antimicrobial activity effective against bacteria and yeasts, including 

strains of Shigella, Pseudomonas, Salmonella, Staphylococcus, 

Escherichia coli and Candida (Gonçalves et al. 2013, 1031-1032) and 

Helicobacter pylori growth in vitro (Sandoval 2010, 32). 

Therefore, a mixed fruit juice of cocona with another fruit with 

a market already established and known by the population could be a 

way to boost the consumption and cultivation of cocona.  To develop a 

mixed fruit juice, it is necessary to observe the legislation of each 

country as the definitions of juice and tropical juice may change. In 

the case of Brazil, the Instruction Normative No.12 (Brazil 2003, 2) 

defines tropical juice as the product obtained by dissolving the pulp in 

drinking water through an appropriate technological process, not 

fermented, with the characteristic color, aroma and flavor of the fruit, 

submitted to treatment that ensures its conservation and 

presentation until the moment of consumption. The minimum 

percentage of pulp in the tropical juice must be 50% and in the case of 

sweetened tropical juice is 12%, depending on the fruit. For cocona, 

the minimum amount of pulp for the preparation of tropical juice has 

not yet been fixed in specific technical regulation. 

The objective of this work was to select one fruit, already 

widely commercialized such as orange, tangerine, pineapple, passion 

fruit, strawberry, guava or pitaia, to use in combination with cocona 

to develop a mixed juice with a high potential market.  
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MATERIALS AND METHODS 

 

The experimental work was carried out at the Food Technology 

Laboratory of the Institute Federal of Education, Science and 

Technology of Amazonas (IFAM), Manaus, Brazil. 

 

Fruits employed 

The cocona fruits used were selected by their average mass (200 g) 

from a mutant population of generation M2 (n = 600) of the genotype 

CUB-08, which belongs to the germplasm bank of the Instituto 

Nacional de Pesquisas da Amazônia – INPA, located in Manaus, 

Brazil. The pineapple (Ananas comosus var. Comosus) cv. Turiaçu, 

was supplied by the Cooperative of the Novo Remanso – 

COOPANORE, located in Itacotiara, Amazonas state, Brazil. The 

other fruits employed (orange cv. Pear, tangerine, pitaia, strawberry, 

sour passion fruit and guava) were purchased in local stores. 

 

Juice elaboration 

The fruits were selected, washed, sanitized and the juice was obtained 

using a domestic processor (Juicer Compact Philips Walita). All juices 

were diluted with water in a 1: 1 ratio.  

 

Mixed juice elaboration 

The tested combinations for develop the mixed juice were cocona + 

orange, cocona + tangerine; cocona + sour passion fruit, cocona + 

pineapple, cocona + guava, cocona + strawberry and cocona + pitaia. 

All combinations for elaboration of the mixed juice also followed a 1:1 

ratio. The mixed juices elaborated were immediately submitted to 

sensory analysis through the use of a preference test by a team of 

twenty untrained tasters. 

 

Mixed juice of cocona and pineapple elaboration 

In these experiments it was employed the whole cocona fruit and 

cocona placenta for elaboration of mixed juices. The blanching of the 

whole cocona fruits was carried out in water at 90 ºC for 5 minutes. 

The combinations for elaboration of mixed juices were i) whole cocona 

(WC) + pineapple, ii) whole cocona blanched (WCB) + pineapple and 

iii) cocona placenta (CP) + pineapple.  All juices were diluted with 
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water (1: 1) and the elaborated combinations also followed a 1:1 ratio, 

with exception of combination with the cocona placenta. The cocona 

placenta was mixed with pineapple juice and water (1:1:20) and 120 

g/L of sugar was added. 

The three formulations i, ii and iii were subjected to sensory 

analysis by a team of 54, 52 and 58 untrained tasters respectively, 

using both acceptability and purchase intention tests. For the 

acceptability test it was used a balanced hedonic scale with nine 

points: (9) like extremely, (8) like very much, (7) like moderately (6) 

like slightly, (5) neither like nor dislike, (4) dislike slightly, (3) dislike 

moderately, (2) dislike very much and (1) dislike extremely (Meilgaard 

et al., 2016, 326). Based on the data from the sensory analysis, the 

Acceptance Index (AI) calculated according to the equation AI (%) = 

(NMA x 100) / NA, where: NMA = average grade of the attribute and 

NA = highest grade observed in the evaluated attribute. To assess the 

purchase intention, it was used a balanced hedonic scale with five 

points: (5) certainly would buy, (4) possibly would buy, (3) perhaps 

would buy / perhaps would not buy, (2) possibly would not buy and (1) 

certainly would not buy (Meilgaard et al., 2016, 326). 

 

Physico-chemical analyses of mixed juices   

The prepared drinks were subjected to analyses of pH, TSS content 

(Total Soluble Solids) and titratable acidity. All analyses were 

performed in duplicate. The TSS content (° Brix) was determined by 

direct reading in a portable refractometer (ATAGO) and the pH in 

pHmeter (HANNA). Titratable acidity (AT) was determined by 

potentiometric titration in 10 mL of the sample with 0.1 M sodium 

hydroxide solution to a pH range (8.2-8.4) and the results were 

expressed in g of citric acid per 100 g of sample (IAL, 2008). 

 

Statistical analysis 

The data obtained were subjected to analysis of variance and their 

averages were tested by the Scott and Knott test (P = 0.05) using the 

SAS 9.1.3 statistical program. With the preference test means of six 

mixed juice it was built a biplot of principal components based on 

correlations. This analysis was performed using JMP 10 software. 
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RESULTS AND DISCUSSION  

 

Among the seven combinations of fruits tested to develop the mixed 

juice, the preferred by the tasters were cocona + pineapple cv. Turiaçu 

(86%), followed by cocona + orange cv. Pear (7%) and cocona + sour 

passion fruit (7%). The other mixed juices elaborated were not 

preferred by none of the tasters that participated in the panel (Figure 

2). 

 

 

 

 

 

 

 

 

 

Figure 2. Preference obtained for the mixed juices of cocona 

(Solanum sessiliflorum) with different fruits (n = 20). 

 

The fruits used in combination with cocona to prepare the mixed juice 

have very different chemical compositions and sensory characteristics. 

The data found in the literature for the pH, titratable acidity and TSS 

content in the fruits used in combination with cocona are 

demonstrated in Table 1. 

 

Table 1. Data found in the literature for the pH, titratable acidity 

(TA, expressed in g of citric acid/ 100 mL) and TSS content (° Brix) in 

the fruits used for elaboration of mixed juice with cocona. 

 pH TA TSS 

Fruit Min. Max. Min. Max. Min. Max. 

Orange1 3.50 3.90 0.65 1.50 10.50 10.60 

Tangerine1 3.85 4.05 0.80 1.02 14.33 19.00 

Pitaia of red pulp2 5.09 5.60 0.26 0.35 12.10 13.80 

Strawberry3 3.45 3.54 0.76 0.86 6.43 6.90 

Guava4 3.47 3.80 0.55 1.03 6.80 8.00 

Pineapple cv. Turiaçu5 3.69 4.10 0.41 0.90 13.84 17.11 

Sour passion fruit6 3.04 3.08 6.46 7.24 12.68 13.58 

Lemon cv. Tahiti7 2.06 2.75 5.56 6.75 8.16 8.90 

¹(Couto and Canniatti-Brazaca 2010, 17); ²(Cordeiro et al. 2015, 24); 3(Marques et al. 2011, 209); 
4(Bialves et al. 2014, 3); 5(Pereira 2013, 54); 6(Abreu et al. 2009, 490); 7(Pedrão et al. 1999) e (Brito et 

al. 2017, 67). 
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The pineapple cv. Turiaçu is characterized by being one of the 

sweetest in Brazil, with 13-17 °Brix (Pereira 2013, 54) and acidity of 

0.41 to 0.90% citric acid (Araujo et al. 2012, 1273). Probably, these 

chemical characteristics could have contributed to balancing the 

cocona acidity (2.41%), increasing its palatability and reaching the 

preferred combination (Figure 1). These findings are according the 

traditional consumption of cocona juice in Iquitos, Peru, which occurs 

with sugar addition.  

The pH, titrate acidity and TSS content in whole cocona, 

whole cocona bleached, cocona placenta, pineapple and mixed juices 

were determined and the results are shown in Table 2.  

 

Table 2. Determination of pH, titratable acidity and TSS content 

(°Brix) in cocona and pineapple fruits and in the mixed juices.  

Material pH Acidity 

(g citric acid / 100 mL) 

TSS 

(°Brix) 

Whole cocona (pulp + placenta) - WC 3.72 2.41 6 

Whole cocona bleached - WCB 3.88 2.23 6 

Cocona Placenta - CP 3.54 4.80 5 

Pineapple cv. Turiaçu 3.88 - 16 

Mixed juice WC + Pineapple1 3.89 0.99 - 

Mixed juice WCB + Pineapple 1 3.94 0.99 - 

Mixed juice CP + Pineapple 2  3.77 0.52 - 

1 Ratio of cocona, pineapple and water was 1:1:2 without added sugar. 
2 Ratio of placenta, pineapple and water was 1:1:20 with addition of 120 g/L of sugar 

 

The three mixed juices of cocona + pineapple were analyzed 

considering the scores obtained in the acceptability and purchase 

intention tests (Table 3).  Analysis of variance revealed that there was 

no difference on the scores obtained in the acceptability (F = 1.96, gl = 

2 and 161, P = 0.14) and purchase intention (F = 0.83, gl = 2 and 161, 

P = 0,44) tests. Even so, it was observed that the three mixed juices 

had acceptance index above the average, with an acceptance index 

from 81% to 83%, values considered as indicators of a high potential to 

be commercialized in the market (Table 3). 
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Table 3. Mean scores obtained in the acceptability and purchase 

intention tests of the three mixed juices of cocona (Solanum 

sessiliflorum) and pineapple (Ananas comosus cv. Turiaçu).  

Mixed juice Acceptability† 
Purchase 

intention†† 

Acceptance 

index (%) 

WC + pineapple1 7.22 a 3.80 a 81 

WCB + pineapple1 7.50 a 4.02 a 83 

CP + pineapple2 6.40 a 3.79 a 81 

Coef. of variation (%) 20.24 26.83 - 

1 Ration of WC (whole cocona), pineapple and water was 1:1:2 without sugar  
2 Ratio of CP (cocona placenta), pineapple and water was 1:1:20 with 120 g/L of sugar 

added  

Equal letters in the column indicate that there is no significant difference between the 

means by the Scott and Knott test (P> 0.05) 
† Scores varied from 1= dislike extremely to 9= like extremely 
†† Scores varied from 1= certainly would not buy to 5= certainly would buy  

 

The scores of the untrained tasters for the three mixed juices of 

cocona and pineapple in the acceptability and purchase intention tests 

are demonstrated in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scores percentage of the tasters for the three mixed juices 

of cocona and pineapple in the acceptability and purchase intention 

tests. 

 

The percentage of tasters who scored ¨Like extremely¨ in the mixed 

juices of WC + pineapple, WCB + pineapple and CP + pineapple was 

14,8%, 17.3% and 29.3%, respectively (Figure 3), but there was no 

significant difference between the mean scores of these three mixed 

juices (Table 3). For the purchase intention test, the percentage of 

tasters who scored “certainly would buy” were 20.4%, 32.7% and 
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41.4%, respectively (Figure 3). These results suggest that cocona 

placenta + pineapple could be a promising soft drink. 

When the percentage equality test was used, a significant 

difference was only detected for the scores obtained in the purchase 

intention test between the mixed juices of cocona placenta + pineapple 

and the others two with whole cocona (Table 4).  

 

Table 4. P-values of the equality test for the percentage of tasters that 

had the same score for the three mixed juices of peach tomato + 

pineapple in the acceptability and purchase intention tests 

The significant difference encountered when the cocona placenta was 

used (Table 4) probably can be explained by chemical characteristics 

difference when compared the placenta and whole cocona (Table 2).  

The placenta had a higher titratable acidity (4.8%) than the whole 

cocona (2.41%), as well as a slightly lower TSS content. When the 

placenta was used to elaborate the juice, the dilution factor with 

water was higher and sugar was added making the blend less acidic 

and sweeter. These two characteristics probably interfered in the 

scores given by the tasters to reach an acceptance index similar to 

that obtained with the use of the whole cocona. Depending on the 

maturity of the cocona, there will be an influence on the content of 

acids and sugars present in the placenta, further sharpening the 

flavor (Andrade Júnior et al. 2016). Therefore, the use of the placenta 

can be a potential alternative for the manufacture of mixed sweetened 

drinks or soft drinks.  

The cocona placenta has an acidity of 4.8% (Table 2), which is 

midway between that found in lemon (minimum = 5.56) or sour 

passion fruit (minimum = 6.46) and the rest of the fruits (maximum = 

1.50). Using the values found in the literature (Table 1) with those of 

the cocona determined in this work and shown in Table 2, a principal 

 Score 

Mixed juices 

Like 

 extremely 

Like very 

much 

Certainly 

would buy 

(WC + pineapple1) vs (WCB + pineapple1) 0.7266 0.3248 0.1503 

(WC + pineapple) vs (CP + pineapple2) 0.0998 0.8353 0.0165* 

(WCB + pineapple) vs (CP + pineapple) 0.1990 0.2269 0.0368* 

1 Ration of WPT, pineapple and water was 1:1:2 without sugar  
2 Ratio of PTP, pineapple and water was 1:1:20 with 120 g/L of sugar added  

* significant by the two-tailed Z test (P <0.05) 
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component analysis was performed based on correlations and then a 

biplot (Figure 2) was generated.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Biplot explain the variation observed in juices of some 

fruits in relation to titratable acidity, TSS content and pH. 

 

The biplot (Figure 4) was able to explain 88.5% of the total variation 

and in it can be seen that the directions of vectors of TSS content 

(°Brix), pH and acidity are different, indicating that these parameters 

are capable of differentiating the juices from the tested fruits and 

perhaps this is the reason why they are used in technical standards. 

Analyzing the variability of the fruits, it is observed that the placenta 

of the cocona differs from the rest. On the other hand, the whole 

cocona (pulp + placenta) tended to resemble the strawberry and 

guava, which if in combination with cocona would leave the mixed 

juice low in sugar, which could be one possible explanation for the 

lack of preference for these combinations (Figure 1). 

 

CONCLUSION 

 

Considering the experimental conditions employed and the results 

obtained, it can be stated that among the fruits tested (orange, 

tangerine, pineapple, passion fruit, strawberry, guava or pitaia) the 

pineapple cv. Turiaçu was the selected fruit to use with cocona to 

produce a mixed juice with a high potential market.  Future work will 
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be performed to identify the cocona genotype more adequate and to 

optimize the concentration of both fruits in the formulation of mixed 

juice developed. Also, the blend prepared with cocona placenta, sugar 

addition and higher dilution factor showed a high market potential 

and it can be an alternative for the manufacture of mixed sweetened 

drinks or soft drinks. 
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