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Abstract

The objective of this work was to perform the physical-chemical characterization of different formulations of the
pequi pulp with the addition of different concentrations of whole milk, in order to identify promising products for
commercial use. Three formulations of pequi pulp with whole milk were prepared: PL1- 90% pequi pulp and 10%
milk, PL2 - 70% pequi pulp and 30% milk, PL3 - 50% pequi pulp and 50% milk. The formulations were evaluated for
physical and physical-chemical parameters of color, water activity, water content, ash, total soluble solids (SST),
pH, total titratable acidity (ATT), SST/ATT ratio, ascorbic acid, proteins, lipids, total, reducing and non-reducing
sugars. The data obtained were subjected to analysis of variance (ANOVA) and comparison between means
by the Tukey test at 5% probability. Among the three tested formulations, the best results were obtained for PL3,
where it presented lower total titratable acidity, water activity, red intensity, yellow intensity and chromaticity,
however, higher content of fotal soluble solids, ratio SST/ATT, ash, lipids, sugars (total, dimmer and non-dimmer),
luminosity and fint angle. The inclusion of milk in the pequi pulp changed the physical and physical-chemical
characteristics of the pulp, and it can be an alternative to add nutritional value to the fruit and consequently a

promising product for the market.
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Intfroduction

Pequi (Caryocar Spp.) is a fruit native to the
Cerrado region of Brazil that has a high potential
for commercialization. It stands out for its economic
potential, since it has been used in preparations and by
the food industry due to its nutritional value, bioactive
and fechnological properties (Lima et al., 2017; Pinto et
al., 2016).

Among the species of the genus Caryocar,
the following are predominant in Brazil: C. brasiliense,
C. villosum, C. coriaceum, C. cuneatum e C. glabrum
(Prance & Silva, 2006). The species Caryocar coriaceum
Wittm is found in the northernmost part of the northeast
region, playing an important socio economic role (Batista
et al., 2010; Saraiva et al., 2010).

The pequi pulp is eatable after cooking and it
is rich in vitamins, lipids and proteins. The high crude fat
content of pequi is approximately 65.0% in dry matter.

The nutritional value of the fruit is determined by the lipid
fraction where the main fatty acids are oleic acid (54.0%)
and palmitic acid (39.0%) (Maia et al., 2008). In addition,
pequi contains natural antioxidants, such as phenolic
compounds and carotenoids (Ribeiro et al., 2014).

There are several studies that guide the use of
pequi in different forms of preparations, encouraging the
consumption of this fruit and confributing to its exploitation
in fechnological processes in the food industry (Santos et
al., 2016; Souza et al., 2017; Carvalho et al., 2017; Ledo
et al., 2017; Lima et al., 2017). However, so far, fo the
best of our knowledge, no research has investigated
the physical and physical-chemical characterization
of formulations using pequi associated with whole milk.
Particularly, considering the range of possibilities of using
this fruit, the incorporation of the pequi pulp info whole
milk can bring benefits to the consumer by its application
in dairy products and/or other forms of preparations,
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adding nutritional value, color, aroma and flavor to new
products.

Given this context, this article confributes fo
the field by presenting new results on the physical
and physical-chemical characterization of different
formulations of pequi pulp with the addition of different
concenfrations of whole milk (10, 30 and 50%), in order to

identify promising products for commercial use.

Material and Methods

The pequi fruits (Caryocar coriaceum Wittm) were
collected in Chapada do Araripe, located in the south of
the state of Ceard, in the mature stage of maturation,
stored in polypropylene boxes and transported fto the
laboratory for further processing.

Upon arrival at the laboratory facilities, the fruits
were washed in running water toremove dirt and sanitized
in chlorinated solution (100 ppm of active chlorine) for 15
min and rinsed under running water. Subsequently, the
pequis were cut to separate the external mesocarp from
the internal mesocarp, which was washed with drinking
water. For the pulp processing, it was necessary to cook
the internal mesocarp at a temperature of 100 °C for 30
min; then, they were cooled, drained and pulped with
the aid of a semi-industrial stainless steel peeler (Max
Machine brand). The pulp was packed in polyethylene
bags and stored in a freezer (-20 °C) unfil the fime of
experimental analysis.

To prepare the formulations, the whole pulp of
the fruits was thawed to room temperature and added
with commercial whole milk (packaged in a tetra pack)
in different concentrations (10, 30 and 50%), the mixes
being homogenized in a domestic blender at full speed
for 1 minute. The formulations elaborated were: PL1- 0%
pequi pulp and 10% milk, PL2 - 70% pequi pulp and 30%
milk, PL3 - 50% pequi pulp and 50% milk. The formulations
developed were evaluated in triplicate. Color analysis
was performed 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* representing the fransition
from green (-a*) to red (+ a*); b* the fransition from the
intensity of the blue color (-b*) to the yellow color (+
b*); from these values, the chroma values (c*) and the
pitch angle values (h° angle) were calculated. The water
activity was performed using the Aqualab equipment
model 3TE (Decagon Devices, Inc.).

The
were analyzed: pH in a digital pofentiometer, water

following physical-chemical parameters

content through direct drying in a vacuum oven (70 °C);
ash by muffle incineration at 550 °C; total acidity fitratable
by fitration with 0.1 N NaOH; total soluble solids (°Brix) by
direct reading on a digital refractometer; protein content
quantified according fo the Kjeldahl method, where
the total nitrogen content is determined and the total
protein content is calculated by multiplying the nitrogen
content by a factor of 6.25; total and reducing sugars
were defermined by the Fehling method by hot fitration,
and non-reducing sugars obtained by the difference
between fotal and reducing sugars. All studies were
performed according to the analytical procedures of
the Adolfo Lutz Institute (Brasil, 2008). The SST/ATT ratio
was obtained by the quotfient between total soluble
solids and total fitratable acidity. The lipid content was
determined by the methodology of Bligh & Dyer (1959)
with chloroform, methanol and water. The ascorbic
acid confent was determined by fitration with 2,6
dichlorophenolindophenol sodium (DCFI) until obtaining
the light pink color, permanent using oxalic acid (Benassi
& Anfunes, 1988) as an extracting solution, following the
procedure AOAC (2009).

The experiment was performed in a completely
The data
were submitted to analysis of variance (ANOVA) and,

random design, with three replications.
according to the significance of the F test, the Tukey
test was applied at 5% probability, using the computer
program ASSISTAT, version 7.7 Beta (Silva & Azevedo,

2016).

Results and Discussion
Table 1
physicochemical

shows the average values of the

characterization of pequi pulp
formulations with milk.

The pequi fruit differs from most fropical fruits in
that it has a pH that classifies it as a low acid food (pH >
4.5) (Oliveira & Scariot, 2010). In the three formulations,
the pH values were higher than 4.5, which can confribute
fo microbial growth. It was observed that the increase
in the concentration of whole milk influenced the pH
increase and, consequently, lower values for the total
fitratable acidity, reaching values close to neutrality. The
total soluble solids increased as the milk concentration
was increased in the formulations, with average values
ranging from 6.00 to 10.00 (°Brix). The SST/ATT ratio of the
formulations varied from 2.34 to 5.03, showing a statistical
difference among them. However, it is noted that the
highest value is in the formulatfion with equal proportions
of pequi pulp and milk (PL3). The ratio directly influences
the flavor of the product, which may vary according to
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Table 1. Average values of the physical-chemical parameters of the formulations of pequi pulp with milk.

Formulations

Parameters analyzed

PLI PL2 PL3
pH 4.74 +0.00 5.50£0.01 6.00+£0.01

Total titratable acidity (% citric acid) 2.56 +0.01¢ 2.19+0.01° 1.99 £0.01¢
Total soluble solids (°Brix) 6.00 £ 0.00° 9.00 £ 0.00° 10.00 % 0.00@
Ratio SST/ATT 2.34+0.01¢ 4.12£0.03° 5.03 £0.05°

Ashes (%) 0.23 £0.00¢ 0.40 £0.01° 0.48 £ 0.00¢

Water content (%) 82.94+0.31¢ 84.70 £ 0.06° 83.82 £ 0.09°
Water activity (%) 0.998 £0.001¢ 0.997 £0.001@ 0.996 £0.001¢

Ascorbic acid (mg 100 g7) 7.34+£0.18 5.88 +0.22° 2.19 £0.27¢
Proteins (%) 1.62 £0.09° 1.96 £0.12¢ 1.83 £ 0.099°

Lipids (%) 10.70x0.11¢ 9.81£0.11° 10.81 £0.18°

Total sugars (%) 1.72 £0.00° 2.95+0.00° 3.57 £0.08

Reducing sugars (%) 0.90 = 0.00¢ 1.80 £ 0.00° 1.87 £0.01¢

Non-reducing sugars (%) 0.78 £ 0.00¢ 1.09 £ 0.00° 1.62 +£0.08¢

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 presence of organic acids and the fruit's ripeness.

Unlike the results obtained in this work, the analysis
of the physicochemical parameters of the pequi pulp in
natura carried out by Paz et al. (2014) resulted in mean
values of 7.00 £ 0.01 for pH, 15.2 £ 1.06 of soluble solids
and 0.7 + 0.01% of total titratable acidity. Nascimento
& Cocozza (2015), when studying the physico-chemical
characterization of pequi fruits from the Western region
of Bahia, observed the following average values for pH,
soluble solids, total titratable acidity and SS/ATT ratio,
respectively: 5.32, 11.95 °Brix, 1.76% and 11.53. On the
other hand, Souza et al. (2017), when analyzing the
physical parameters of fresh cheese flavored with 20%
pequi pulp, obtained pH values of 6.72 + 0.01 and 0.48 +
0.00 of acidity (g 100 g). The divergences observed in the
evaluated parameters can be justified by the addition of
whole milk, in different concentrations, to the pequi pulp.

The ash content (0.48 + 0.00) was higher in the
formulation PL3, which has a higher concentration of
whole milk. In the formulation PL1, which has a higher
content of pequi pulp, the ash content was 0.23 + 0.00,
corroborating the result shown by Magalhdes et al. (2018)
(0.25 + 0.01). Higher values were obtained by Souza et
al. (2017) (2.67 £ 0.17) and Carvalho et al. (2017) (1.65
1.26); however, in both cases, higher concentrations of
milk were used in the analyzed products.

As for the water content, the formulations
analyzed did not show a defined behavior, although
a stafistical difference was observed between the
formulations. The average value of water content
was high in the three formulations, making them quite
perishable. In addition, the values were higher than
those observed by Souza et al. (2017) (64.31 £ 0.16) and
Carvalho et al. (2017) (33.7 £ 0.07) for the water content
of fresh cheese with 20% pequi pulp and dulce de leche

with 3% pequi pulp, respectively.

As for water activity, approximate values were
observed in the three formulations, compatible for most
fruit pulps (> 0.98), showing a tendency in reducing
water to the extent that there was an increase in the
concentration of milk in the formulations. The highest
mean value was found in the formulation with the highest
content of pequi pulp (PL1) 0.998 (Table 1). A similar result
was mentioned by Sousa (2016), when analyzing the
pequi pulp acquired in Chapada do Araripe, in the south
of the State of Ceard.

Regarding ascorbic acid, the values were lower
than those described in the Brazilian Food Composition
Table - TACO (2011) for pequi pulp (8.3 mg 100 g'). When
analyzing the physical-chemical characteristics of pequi
in natura in the city of Japonvar - MG, Alves (2014) found
3.99 £0.10 mg 100 g of ascorbic acid.

It is worth mentioning that a significant reduction
in the levels of ascorbic acid was observed as there was an
increase in the addition of whole milk to the formulations
(Table 1), which may be related to the fact that milk is a
poor source of this vitamin; therefore, the increase in milk
concentrations may justify the reduction of ascorbic acid
in the formulations analyzed. Another possible justification
stems from losses during pulp processing and storage
fime.

Table 1 shows thatthere was astatistical difference
in protein content when comparing the formulations PL1
(1.62 £0.09) and PL2 (1.96 + 0.12), however, there was no
statistical difference with respect to PL3 (1.83 £ 0.09).

As for lipids, there was a reduction in the mean
values of this nutrient when adding 30% whole milk to
the pequi pulp (PL2); however, there was no statistical
difference between formulations with 10% (PL1) and 50%
(PL3) of milk, respectively (Table 1).
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Alves et al. (2014), when analyzing the pequi pulp
from the state of Tocantins, found higher mean values
in relation to proteins (4.09 + 0.06 g 100 g') and lower
values for lipids (8.39 £ 0, 25 g 100 g'). Magalhdes et al.
(2018) observed approximate values for proteins (1.35 +
0.01 g 100 g') and higher in relation to the lipids found
in our research (16.67 £ 0.82 g 100 g'). Paz et al. (2014)
described higher mean values for proteins (2.4 + 0.10%)
and lipids (31.5 £ 0.52%). Machado et al. (2015) found
2.83£0.47 g 100 g of proteins and 26.30 £ 1.47 g 100 g
of lipids in the analyzed pequi pulp.

Regarding sugars
reducing), there was an increase as the concentration

(total, reducing and non-

of whole milk increased, obtaining higher values in PL3.
There was a stafistical difference between the three
formulations.

Sousa (2016), when characterizing the pequi
pulp, found levels for total (AT), reducing (AR) and non-
reducing (ANR) sugars equal to 0.83% glucose, 0.62%
glucose and 0.20% sucrose, respectively. While Sousa
(2013) obtained 1.25% glucose (AT), 0.69% glucose (AR)
and 0.53% (ANR) sucrose for pequi pulp.

Table 2 shows the average values of the physical
color analysis. The brightness parameter (L) ranges from
0 (black) to 100 (white). The closer to 100, the clearer the
sample appears. The luminosity indices of the samples
tend to white with values varying from 62.03 to 64.34,

where the PL3 formulation showed greater luminosity,
indicating that is the clearest sample. However, it is
noted that there was a statistical difference between
the three formulations. The coordinate a* was positive in
the three formulations, indicating that the samples have
red intensity and there was no significant difference
between formulations PL1 and PL2 (Table 2). Regarding
the coordinate b* the three formulations were positive
indicating that they have yellow intensity and there was
a significant difference between them. However, it is
observed that PL2 showed a higher intensity of yellow
(29,38). The PL2 formulation stood out among the othersin
terms of physical color analysis, as it presented the highest
values of L*, a* and b* due to the higher proportion of
pequi pulp.

Sousa et al. (2012),
parameters of pequi pulp color, obtained the following
results: L* = 69.82, a* = 3.02 and b* = 33.49. While Alves
(2014) found the following values for L* = 53.95 + 3.94, a* =
22.50 £ 3.54, b* = 66.60 + 5.63.

For the chromaticity parameter, PL3 differed
statistically from the others due to the proportions of pulp
and milk used.

when evaluating the

The PL3 formulation presented a greater tonality
angle, differing statistically from the other formulations.
This fact is due to the greater amount of milk.

Table 2. Average values of instrumental color parameters (L*, a* and b*) of pequi pulp formulations with

different concentrations of whole milk.

Formulations

Parameters analyzed

PLI PL2 PL3
Brightness (L*) 63.55 £ 0.27° 62.03+0.12¢ 64.34 +0.32¢°
Intensity of red (+ a*) 4.88 +0.08° 4.47 £0.32° 3.41 £0.27°
Yellow infensity (+ b*) 28.64 £0.19° 29.38 £0.33¢ 26.21 +£0.41¢
Chroma (c*) 29.06 £0.18¢ 29.72 £0.38¢ 26.44 +0.37°
Tint angle (h*) 80.33+0.19¢ 81.35+0.52° 82.58 + 0.69°

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.

Conclusions

The mixfture of milk with the pequi pulp changed
the physical and physical-chemical characteristics of the
pulp. The formulation PL3 presented the more interesting
properties compared to the others formulations tested,
since it had lower fotal fitratable acidity, water activity,
red intensity, yellow intensity and chromaticity, however,
higher content of total soluble solids, ratio SST/ATT,
ash, lipids, sugars (total, reducing and non-reducing),
brightness and tint angle.

The variability in the results with respect to
the evaluated characteristics is directly related to the
influence of the variation in the content of whole milk
used in the formulations; as well as due fo parficular

characteristics of the fruit, its type and the place of
cultivation, as well other conditions, such as the fime,
processing and/or storage condifions.

The addition of whole milk to the pequi pulp is
an interesting alternative to add nutritional value by
increasing the content of proteins of high biological
value, which can be a promising product in the market.
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