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Different formulations of camu-camu popsicle: characterization, vitamin C and
sensorial analysis of an opportunity to family agroindustry
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Abstract

The high levels of vitamin C in camu-camu have stimulated the interests of extractivists, farmers and consumers. The aim of
this study was to characterize five accessible for family agroindustry different formulations of camu-camu popsicles and assess
their acceptance. A completely randomized design was used and the treatments consisted of five different popsicle formulations:
camu-camu pulp (T1 and T2: 27%, T3 and T4: 20.8%; T5: 61%), water (T1 and T2: 43.5%, T3 and T4: 20.8%; T5: no water),
whole milk powder (T1 and T2: 14.7%, T3 and T4: 29.2%; T5: 18.3%), sugar (T1 and T2: 14.7%, T3 and T4: 29% and T5: 20.6%),
neutral alloy and emulsifier. The formulations were processed and the popsicles were evaluated for pH, soluble solids, titratable
acidity, vitamin C, acceptability index (SS/TA) and macro and micro nutrients were identified. In the sensorial analysis, the
popsicles were evaluated for appearance, color, flavor, texture and purchase intent by 40 untrained tasters. The acceptance of
the camu-camu popsicles was lower when the formulation was more diluted. Formulations T3, T4 and T5 showed the most
wanted qualitative attributes and these preparations received top scores in the sensory analysis.
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Practical Application: The present study shows the use of camu-camu for making popsicle. Evidentiating the great potential
of the fruit, where the popsicle that is a food of routine consumption, can be transformed and exploited commercially like
natural source of vitamin C and bioactive compounds. Demonstrating formulations of greater sensory acceptance and with

higher concentrations of vitamin C.

1 Introduction

The camu-camu (Myrciaria dubia (H.B.K.) McVaugh), also
known as cagari, araca d’dgua, or sardo, is a species belonging
to the Myrtaceae Family, native to the swamps and lakes of
Amazonia. It has great economic potential, mainly because of
its nutritional characteristics resulting from its high vitamin C
content (Maeda et al., 2007).

The increasing interest in camu-camu fruit is due to its
remarkable ascorbic acid or vitamin C content, and it is known
as “King of Vitamin C” or “Super Fruit”. In the state of Roraima,
Brazil, the fruit is known as ‘cagari, presenting mean values of
3.571t07.355mg 100 g pulp (Aguiar & Souza, 2016; Chagas etal,,
2015; Grigio et al., 2015, 2016). However, its consumption is still
restricted because of its high acidity, bitterness and astringency
in the skin so that specific technologies are needed for its use and
consumption. According to Maeda et al. (2006) the bitterness
is related to the phenolic compound content, which is high in
the camu-camu skin, and the type of processing used to obtain
the pulp determines its perception.

In Amazonia these fruits are mainly collected by local
farms and used to prepare juices, conserves, sweets and
liqueurs (Viegas et al., 2004), mainly by small family farmers
and agroindustries. However, the camu-camu is a fruit that still
requires research especially to adapt conventional technologies

and develop new technologies to process the fruit for lucrative
use and better aggregation of value to the product.

According to the Agéncia Nacional de Vigilancia Sanitaria
(ANVISA), resolution RDC number 266 (Brasil, 2005), ice
cream or edible ice is

[...] a food product obtained from an emulsion of fat and
proteins, with or without the addition of other ingredients
and substances, or from a mixture of water, sugars and other
ingredients and substances that have been submitted to
freezing, under conditions that guarantee the conservation
of the product in the frozen or partially frozen state, during
storage, transport and delivery to the consumer [...].

The popsicle, further according to Brazilian legislation
(ANVISA) regulation number 379, April 26" 1999 (Brasil,
1999), is characterized by individual servings of edible ice of
several compositions, generally supported by a stick, obtained
by chilling the homogeneous or not mixture of food ingredients
until frozen, with or without beating.

The popsicle can be processed with easily obtained ingredients
in the Amazonia region, using pulp from native fruits that
aggregates value and improves the exploitative potential of
these fruits. However, due to the variability of formulations and
interactions among the ingredients used, a sensory assessment in
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addition to the technological assessment is necessary to obtain
greater information on the potential of the resulting products.
Thus, the objective of the present study was to characterize the
physical, chemical and physical chemical properties of different
camu-camu popsicle formulations and assess their acceptance.

2 Materials and methods

To obtain the camu-camu pulp used in popsicle manufacture,
ripe fruits were collected from a native population situated on
the banks of the Branco River in Boa Vista-RR. After collection,
the fruits were transported to a local family agroindustry, where
they were selected for absence of damage, washed in running
water and cleaned with 0.02% sodium hypochlorite (NaClO)
for 30 min following the recommendations by ANVISA. They
were then de-pulped, the seeds and peel were removed in the
process, without adding water, and the final product from the
pulping was packed and frozen.

The experiments were carried out in May 2015 in a complete
randomized design. The treatments consisted of five different
popsicle formulations and each treatment consisted of four
replications, and each popsicle was considered a replication.

The pulp used to formulate the popsicles was characterized with
the following analyses: vitamin C content = 403.44 mg ascorbic acid
100 mL" pulp; pH = 2.88; Soluble Solids (SS) = 7.4 °Brix; Titratable
Acidity (TA) = 1.90 citric acid 100 g pulp; SS/TA ratio = 3.9191
and Crude Protein = 2.72%. In addition, the following macro
and micro nutrients were just identified, whitout statical
representativeness: 0.08% phosphorous (P), <0.02% sodium
(Na), 0.87% potassium (K), 0.32% calcium (Ca), 17.71 mg/Kg
iron (Fe), 34.05 mg/Kg zinc (Zn) and 0.47 mg/Kg selenium (Se).

The popsicles were formulated using the ingredients and
concentrations shown in Table 1.

According to each treatment, the formulations were processed
and the resulting mixture was placed in popsicle molds and
frozen at -12 to -15 °C. After two days freezing, the popsicles

were taken to the Laboratory of Embrapa Roraima, where the
following were assessed:

The pH, was determined by reading on a PM 608 pH meter.

Soluble solid content, determined by direct reading on a
RTD-45 portable refractometer and the results expressed in °Brix.

Titratable acidity content, determined by titrimetry (Instituto
Adolfo Lutz, 2008), considering 10 g of each of the formulations,
which were diluted in distilled water to 100 mL. For reading,
after addition of the phenolphthalein indicator, the solution was
titrated with NaOH solution (0.1M), and the results expressed
in grams of citric acid 100 g sample.

Vitamin C content by the Tillmans titrimetry method
(Instituto Adolfo Lutz, 2008). This method is based on the
reduction of the 2,6 dichlorophenol indophenol dye (DCFI)
by the acid solution of ascorbic acid. 10 g of the sample was
diluted in 10 mL of oxalic acid, filtered and titrated with the
Tillmans solution. The reaction is fast and the final change
is indicated by the dye, which in acidic environment and
once oxidized by ascorbic acid changes color to a pink color.
The results were expressed in milligrams of ascorbic acid
100 mL"' sample.

The acceptability index (“Ratio”) calculated by the SS/TA ratio.

Samples of each treatment and the pulp, each one containing
three replications, were taken for quantification analysis of
nutrients and crude protein, carried out in the Animal Nutrition
Laboratory of the Sao Paulo State University (FCAV/UNESP),
Jaboticabal Campus, SP. The analysis method used to quantify
phosphorous was nitro-perchloric digestion and colometry of
the ammonium phosphomolybdate (Lott et al., 1956); for sodium
and potassium, flame photometry (Skoog et al., 2002); atomic
absorption spectrophotometry (Perkin-Elmer Corp., 1966) was
used to analyze calcium, iron, zinc and selenium. The results
for characterization only, are shown in Table 2.

Table 1. Different formulations tested for camu-camu (Myrciaria dubia) popsicle. Boa Vista, Roraima, 2015.

Camu-camu pulp Water Whole poder milk Sugar .
Treatments (%) (%) (%) (%) Red Coloring

T1 27 43.5 14.7 14.7 no

T2 27 43.5 14.7 14.7 yes Lall d
T3 208 208 29.2 29 no + neutrala oy an

emulsifier
T4 20.8 20.8 29.2 29 yes
T5 61 - 18.3 20.6 yes

Table 2. Analyses of nutrients and crude protein in different formulations tested for camu-camu (Myrciaria dubia) popsicle. Boa Vista, Roraima,

2015.
Crude Protein P Na K Ca Fe Zn Se
Treatments
——————————————————— e ————— -o--------- mg kgt oo

T1 7.20 0.21 0.13 0.45 0.27 34.20 10.57 0.12

T2 6.81 0.21 0.13 0.46 0.27 41.32 9.14 0.04

T3 6.42 0.20 0.12 0.37 0.26 49.65 9.14 0.02

T4 6.34 0.19 0.12 0.37 0.25 26.04 8.06 0.12

T5 7.54 0.21 0.11 0.40 0.28 4.57 9.50 0.18
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For the sensorial analysis, the samples were placed in
disposable cups and codified with random numbers. Each
assessor received five popsicle formulations and a sheet of paper
with a questionnaire and a hedonic scale to assess appearance,
color, flavor and texture ranging from nine to one (9 - I liked it
very much, 8 - I enjoyed it, 7 I - liked it regularly, 6 - I liked it a
little, 5 —indifferent- I didn’t like or dislike it, 4 - I disliked a little,
3 - I regularly disliked it to moderately disliked it, 2 - I disliked
it, and 1 - I extremely disliked it). Another score was used to
assess the purchase intention (1 - definitely would buy, 2 - would
probably buy, 3 - perhaps yes/perhaps no, 4 - would probably
not buy, 5 definitely would not buy). The assessors drank water
between assessments so there was no confusion between the
formulations analyzed.

After submission and approval by the ethic committee of
Plataforma Brasil (CAAE: 39610314.3.0000.5302), the sensorial
analysis was carried out at Embrapa Roraima by 40 untrained
testers.

The data obtained were submitted to analysis of variance and
the means tested by the Tukey test at 5% statistical probability.

3 Results and discussion

All the variables presented statistical differences among the
tested treatments. The T5 popsicle formulation had the highest
SS content (Table 3). This value was higher than all the other
formulations and almost 7 times greater than that detected in
the fruit pulp. This may have been because more pulp was added
(61%) instead of water, not added, that with the milk powder
and sugar in the formulation resulted in a greater soluble solids
concentration. The T5 formulation was followed for SS content,
in decreasing order, by T4 and T3, that did not differ significantly.
Their formulations presented differences only from the addition
(T4) or not (T3) of coloring.

The highest sugar percentages detected at these treatments
were counter balanced with the addition of water. The T1 and T2
formulations presented the lowest SS content, but also did not
differ significantly. They were the most diluted formulations,
that presented lower values than those reported by Santana et al.
(2003) when they tested bred papaya genotypes in the form of
ice cream.

Regarding the titratable acidity, the lower pulp concentration
and water addition in the T1, T2, T3 and T4 formulations
reduced the acidity in these treatments, which did not differ

significantly. Similarly to the SS content, the TA was higher in
the T5 formulation, also because of dilution in its formulation
and the greater camu-camu pulp concentration. In its natural
form has a very high acidity, that justifies the development
of technologies to minimize this flavor and develop ways of
industrial use (Maeda & Andrade, 2003).

The results showed that the camu-camu popsicle formulas
have lower acidity compared to the natural fruit pulp, a fact
confirmed by the lower in pH, around pH 4.0, considered
moderately acid. The percentage of whole milk powder also may
have influenced the pH in the popsicle formulations. Greater
acidity was observed in T1 and T2 which, although they were
more diluted and had lower pulp content, presented the lowest
milk powder percentage. The highest pH value, consequently the
least acid, was observed in treatments T3 and T4, which presented
the highest milk powder percentage in their formulations. The pH
value of T5 treatment was placed between these treatments,
probably because of the whole milk percentage, also intermediate
to the percentage in the other treatments. Its formulation also
presented the highest camu-camu pulp percentage. However,
similar performance was reported by Santana et al. (2003) when
they testing bred papaya genotypes in the form of ice cream,
they added milk and detected a rise in the pH values.

For the camu-camu popsicle, greater value of the SS/TA
ratio was observed for the T3 and T4 formulations, because
they presented the greatest difference between the proportion of
SS compared to the titratable acids, which resulted in popsicles
more sweet than acid. These two formulations did not differ
between then, but were differed significantly from all the other
treatments (T1, T2 and T5) which also did not differ statistically
from each other. Although it had the highest SS content, the T5
formulation also presented the highest TA content, that resulted
in a smaller difference in the SS/TA ratio and consequently in a
popsicle that was neither very sweet nor very acid. The opposite
occurred with the T1 and T2 popsicles. Although they had low
TA they also had a low SS content, which resulted in a smaller
difference in the SS/TA ratio, they consequently was neither
sweet nor acid.

The SS/TA ratio is an important qualitative attribute, because
it indicates the inherent flavor of the product, that is the result
of the contribution of the components responsible for acidity
and sweetness (Chitarra & Chitarra, 2005).

For the vitamin C content, the only formulation statistically
different from the others was T5, with the highest vitamin C

Table 3. Physico-chemical, chemical and nutrient analysis of different formulations tested for camu-camu (Myrciaria dubia) popsicle. Boa Vista,

Roraima, 2015.

Treatments SOlzth}:ii)o *1 ids Tltzzt?gz)e;]c)l ii ity pH* SS/TA* (g \1/(;:) ;) .
T1 24.67 a 0.58a 391a 42.32a 84.04 a
T2 24.63a 0.53a 371a 48.10a 80.70 a
T3 47.19b 0.56a 4.41c 81.04b 94.07 a
T4 48.00b 0.58 a 442c 85.29b 90.40 a
T5 51.30 ¢ 1.01b 4.02b 51.05a 149.90 b
CV (%) 1.50 7.44 1.27 7.95 6.22

*Means followed by the same letters in the columns do not differ by the Tukey test at 5% probability.
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Table 4. Sensory analysis of different formulations tested for camu-camu (Myrciaria dubia) popsicle. Boa Vista, Roraima, 2015.

Treatments Appearence Color Flavor Texture Purchase intention

(scores)* (scores)* (scores)* (scores)* (scores)*

T1 5.60 a 5.55a 572a 595a 3.07b

T2 7.12 bc 7.82b 6.20 ab 6.55 ab 2.52 ab

T3 6.57 ab 6.55 a 7.62 ¢ 7.00 ab 2.30 ab

T4 7.72 ¢ 7.82b 7.75¢ 7.42b 2.05a

T5 6.77 bc 6.55a 6.90 bc 6.82 ab 2.27 ab

CV (%) 26.14 24.74 26.09 28.65 54.56

*Means followed by the same letters in the columns do not differ by the Tukey test at 5% probability.

contents, around 149.90 mg 100 g"' sample, probably due to the
higher percentage of camu-camu pulp (61%) in its formulation.
The other treatments (T1, T2, T3 and T4) did not differ statistically
but still presented high vitamin C content for a processed product
(84,70 mg 100 g'). However, the concentration and stability
of vitamin C vary with the species, ripeness stage, processing
time and temperature, pH and presence of oxygen and enzymes
(Maeda et al., 2007).

The appearance of the products, in decreasing order, the
best score was attributed to T4 formulation, which did not
differ statistically from T2 and T5, which did not differ from T3
formulation that, in turn, did not differ from the T1 (Table 4).
The addition of red coloring in the T4, T2 and T5 formulations
contributed to the higher scores for appearance. However, only
the T4 and T2 formulations presented the highest scores for the
color variable, confirming the importance of coloring for the
appearance of camu-camu popsicles. However, T5 formulation,
to which coloring was also added, did not present good color
and received a score statistically similar to the formulations
where coloring was not added.

The highest scores for flavor were attributed to the T4, T3 and T5
formulations, which received greater quantities of sugar and
corresponded, in decreasing order, respectively, to the highest SS
contents and highest SS/TA ratio values. This demonstrated the
preference of the tasters for the sweeter formulations. According
to Silva & Lannes (2011) sugars are responsible for the flavor in
ice cream, but also affect the freezing performance and viscosity
of the mixtures.

The T4 treatment received the highest score for texture,
but differed statistically only from the T1, which received the
lowest score. It may occur probably because of it had a greater
percentage of water and a lower percentage of milk in its
formulation, which resulted in a less creamy texture. T4 had
an inverse proportion of the ingredients water and milk to the
T1 formulation, resulting in a highest creamy popsicle. The fat
present in milk may be acting as an emulsifier giving greater
preference for texture.

The T4 formulation received the highest score for the
purchase intention variable. It was statistically different only
when compared to T'1, and, respectively, the greater probability
of purchase of the T4, T5, T3 and T2 formulations.

Disagreeing with the results observed in the present study,
the sensorial assessment by Maia et al. (2008) for ice cream
based on xylitol reported that the best scores for appearance
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were received by the treatment where there was no the presence
of this sweetener.

Dilution and coloring were considered determining factors
in this choice. Once the formulation was more diluted and did
not have coloring, there was less purchase interest.

4 Conclusions

The use of coloring was determinant for a better acceptance
of the formulations. The T3, T4 and T5 formulations presented
the best qualitative attributes and were the formulations
that received the best scores for sensorial analysis. Being the
camu-camu popsicle acceptance was lower when the dilutions
were greater. Further studies should be performed to develop
other formulations from camu-camu popsicle with greater
acceptability.
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