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Abstract

In this work, the formulations prepared with buriti pulp and different maltodextrin concentrations (5, 10 and 15%,)
were dried in spray dryer and the chemical, physical and physical-chemical characteristics of the formulations
and powder samples were evaluated. In this drying process two kinds of powder samples were collected: one
into drying chamber and another in the cyclone. Using a factorial experimental planning, the experiments
were conducted, in order to assess the moisture and ash contents, total acidity and density of both samples. The
formulations dried in the spray dryer presented to be feasible for the production of buriti pulp powder, however,
powder samples collected into drying chamber and cyclone were different. Among the parameters analyzed, it was
found that only for density the samples collected into drying chamber, that the first-order empirical model obtained
was statistically significant and predictive.
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1 Introduction

Buritizeiro, i.e., tree that produce the buriti (Mauritia flexuosa), is a native species found in the Amazon region up to the
Cerrados of some Brazilian States, mainly in the Eastern and West regions, and along the Brazilian coast, also reaching cou-
ntries as Bolivia, Colombia, Ecuador and Peru (Donadio et al., 2004). It has great commercial value, although its nutritional
and functional properties are still few known (Milanez et al., 2018). It is considered as the largest natural reserve of pro-vita-
min A and an excellent source of oleic acid, pulp lipid fraction, being basically composed of tocopherol, carotenoids and oils
(CARVALHO; ORLANDA, 2017).

The buriti fruit, due all these characteristics can be used for the several products production, such as pulp, jams, jellies, ice
cream, nectars, dyes, antioxidants and pulp flour, which can be introduced into Brazilian food habits to prevent or minimize
the incidence of certain diseases with reduced cost, due to the large production of this fruit (MANHAES, 2007; PINTO et al.,
2012; DUARTE, 2011).

The fruit buriti present an elliptical and oval shape, surrounded by a pericarp (or husk), and composed of reddish-brown
triangular scales. The mesocarp (pulp or mass) is thin, yellowish or orange, fleshy and oily. The pulp has a pH around 4.7
and is 20 times richer in vitamin A than carrot, which is a food considered the higher source of this vitamin (KOOLEN et al.,
2013). Their endocarp (or bush) is formed by a spongy tissue, thin, white to yellowish, with high cellulose content, which
present low density and allows the fruit to float when immersed in water. The endosperm or seed is harder, ovoid shape, with
an average of 2.5 cm diameter, occupying most of fruit volume (SAMPAIO, 2012).

The several drying processes of the vegetable origin products can be classified at 2 (two) groups: natural drying or to the
sun and artificial drying or dehydration, for example, spray-drying, jetting, greenhouses, foam layer, lyophilization, which are
widely used for drying heat-sensitive foods, transforming them into powder (BEZERRA et al., 2015). Although these were
developed to promote rapid drying of liquid foods, such as juices, it has been widely used for pasty foods, for example, purees
and fruit pulps (BAG et al., 2011).

Among methods of food preservation, drying is one of the post-harvest technologies, widely used to overcome problems
related to overproduction, oversupply and high perishability of fruits and vegetables (CHONG; LAW, 2011). Several innovative
food processing techniques are found in the literature, such as: microwave, ultrasound, electric pulse field, instantaneously
controlled pressure drop, supercritical fluid processing (CHEMAT et al., 2017).

Drying is an important process parameter for preservation of food components and it is widely applicable in food sectors
(RAY; RAYCHAUDHURI; CHAKRABORTY, 2016). Studies such as the combination of drying methods (free convection,
forced convection) prove a significant preservation of phytochemical content compared to traditional methods (NISTOR et
al., 2017).

According to Murugesan and Orsat (2011), spray drying is one best drying methods, which convert directly fluid materials
into solid or semi-solid particles; consequently, decrease and particles dispersion contained into drying gases, exponentially
increase the surface area, helping to dry feed fluid in seconds, through of the uniform heat transfer and mass during the process.
The use principle of such equipment consists in transforming the product in fluid state in a dry particle in the powder form
(SHISHIR; CHEN, 2017; ZOTARELLI et al., 2017). The obtained material present the maximum initial characteristics of the
original product and protect it from the adverse conditions of the external environment; for this purpose, additives with varying
proportions are incorporated into the product to be dried to suit the process (RAY et al., 2016; VINCENZETTI et al.,2018).

In this context, this research evaluated the drying different formulations carried out with buriti pulp and maltodextrin con-
centrations in a spray dryer, to assess the input variables influence, such as drying temperature and maltodextrin concentrations
on the responses of moisture content, ash, titratable total acidity and density of the powder samples.

2 Material and Methods

The raw material used in this study was buriti pulp (Mauritia flexuosa, L. f.), from Codé municipality (Maranhdo State).
Emulsions (formulated pulps) containing equal parts of buriti pulp and distilled water (1:1), and addition of three maltodextrin
concentrations (5, 10 and 15%) provided by Mor Rex®, with equivalent dextrose equal to 10 (ED = 10). These emulsions or
formulations were homogenized in a blender and dried in a spray dryer, model LM MSD 1.0 - Labmagq, Brazil. The dryer was
operated at 130, 150 and 170 °C drying air temperatures (input) by mean a pneumatic nozzle with 1.2 mm diameter, emulsion
pumping rate was 0.5 L h'! and compressed air flow rate of 0.03 L h''. The obtained powder samples collected into drying
chamber and in dryer cyclone were characterized as moisture, total titratable acidity, density and ashes.

For the experiments execution, a factorial design 22 with two central points (level 0) was used and two input variables,
drying temperature and maltodextrin concentrations were specified, wich influence on the responses. In order to verify the
variables influence on the responses for the moisture and ash contents, total titratable acidity and density, a factorial expe-
rimental design 2% was elaborated, consisting of four distinct experiments and two central points, as shown in the planning
matrix presented in Table 1.
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Table 1. Factorial planning matrix 2* + 2 in the center point for the formulation (buriti pulp/water + maltodextrin
concentrations at 5, 10 and 15%)

E{::r:ig‘eerr;t Drying temperature (°C) Maltodextrin concentration (%)
1 -1 (130) -1 (5)
2 +1 (170) -1(5)
3 -1 (130) +1 (15)
4 +1 (170) +1(15)
5 0 (150) 0 (10)
6 0 (150) 0 (10)

3 Results and discussion

The moisture of the powder samples collected into drying chamber (Ca) varied from 3.84 to 5.22% and in the cyclone (Ci)
between 2.56 and 5.86%. PENA et al. (2008) found for a¢ai powder dried in spray dryer, moisture of 3.1%, at the same values
range of the powder samples evaluated in this work. CARVALHO et al. (2017) found for umbu-caja with goat milk powder,
higher moisture, ranging from 5.17 to 7.54% in to chamber and in the cyclone, 2.77 and 6.40%. The moisture of the samples
collected in the cyclone was lower than the samples collected into chamber, except for the number experiment 2. A hypothesis
for this behavior can be that, during drying, the larger droplets are dried and fall into chamber, while others may breakdown,
reducing their size and consequently, become drier (lower moisture); hence, smaller particles are drawn for cyclone.

With the data obtained from moisture contents of the powder samples collected into chamber and in cyclone, linear regres-
sions presented in Egs. 1 were performed as drying temperature function (°C), maltodextrin concentration (%) and interaction
between these two parameters. The equations are statistically significant at 95% confidence. It was verified for the collected
samples into chamber (Equation 1), that only the mean and interaction between the two parameters evaluated were significant,
however, for the collected samples in cyclone (Equation 2), the mean, air drying temperature and interaction between tempe-
rature and maltodextrin concentration were significant.

Moisture (Ca) =4.58 + 0.14 T+ 0.12C - 0.55 T.C (N

Moisture (Ci) = 3.85 + 1.10 T - 0.26C - 0.54 T.C ©)

Where, T is the drying temperature (°C) and C, the maltodextrin concentration (%)

It was observed from variance analysis of the moisture of the collected powder samples into chamber, that F_ = value
(17.14) was lower than the F value (19.16) for 95% confidence level and determination coefficient (R2) was 0.9625.
According to the F-test, first-order moisture model for the sample collected in the drying chamber (Ca) was not statistically
significant (RODRIGUES; LEMMA, 2009).

The Fc .., value (41.76) was approximately 2.2 times greater than the F value (19.16), meaning that the first order
model for moisture powder the collected in cyclone is statistically significant at 95% confidence, but is not predictive, with
the R? obtained of 0.9843. A linear regression can be significant of the F-test view point, but can not be useful for making
predictions, because covers a small range of the factors studied (RODRIGUES; LEMMA, 2009). For a linear regression not
be only statistically significant, but also useful for the predictive purposes, FO metric value should be at least four to five times
the Fa, (p-1), (N-p) value, ie., the F_ and F _  ratio, should be higher to 4 (DUARTE; MEOLA, 2007).

Response surfaces, representing the drying temperature effects and maltodextrin concentrations on the physical-chemical
parameters of the collected powder samples into chamber and in cyclone, were analyzed when order first models were statisti-
cally significant at 95%, because no presents none importance when there is no significance. For this reason, response surfaces
for the variables maltodextrin concentration and drying temperature for the moisture of the collected powder samples in dryer
chamber were not presented. Figure 1(a) shows the response surfaces for the variables maltodextrin concentration and air

drying temperature for the moisture of the collected powder samples into dryer chamber and cyclone.
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Figure 1 - Influence of the drying temperatures and maltodextrin concentrations on the contents: (a) moisture — cyclone;
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It was verified that the drying air temperature showed an increasing effect on the response surface, i.e., when this go from
level -1 to +1, moisture powder collected in the cyclone increases. For setting the temperature variable to the lower level -0.2,
moisture is around 2.5 and 3%, for any range maltodextrin concentration. For the collected samples in the cyclone, lower
moisture (2.56%) was obtained for the dried sample with lower maltodextrin concentration (5%) and drying temperature of 130
°C. A probable explanation for such situation is that drying at the lower temperature takes longer than in other temperatures,
and dry sample is maintained in the cyclone by longer time and, consequently, more dehydrated than at higher temperatures
where process is faster (NUNES et al., 2015)

The ashes of the collected samples in the chamber varied between 1.34 and 2.33% and in the cyclone from 1.47 to 2.33%,
such values were close of the determined values by COSTA et al. (2009) for the artichoke dried powder in a spray dryer, i.e.,
2.02%, and higher than that the determined value by SOUZA et al. (2015) for the powder athemoya pulp sample, which was
0.97% into dryer chamber and 0.74% in cyclone.

The linear regression equations (Egs. 3 and 4) for the experimental data adjusted, regarding drying air temperature (°C)
and maltodextrin concentration (%) of the emulsions produced, allowed select the combination of maximized levels for obtai-
ning the best response for each situation. For powder samples collected in the spray dryer chamber, only the observed values
average showed a significant effect; however for the samples collected in the cyclone the average drying air temperature and
maltodextrin concentration had a significant effect.

Ash (Ca)=1.85-0.21T - 0.28C + 0.08T.C )
Ash (Ci)=1.9 - 0.15T - 0.27C + 0.004T.C @

From variance analysis adjusted for the first order model with 4 parameters for the ash samples collected in the chamber,
was verified that F | value (2.93) was lowerthanF , value (19.16), for a 95% confidence level and R* value was 0.8147.
Therefore, according to F-test, can be affirmed that empirical model is not statistically significant.

In ANOVA case, for the ashes of powder samples collected in the cyclone, was verified that F__ value (182.0) was
higher than F , _  value (19.16), and a ratio between the values of approximately 9.5 times, with R* adjusted for model of
0.9963; which can be affirmed according to F-test that empirical model is statistically significant and predictive, according to
Duarte; Meola (2007).

Figure 1(b) shows the effects of the input variables, such as maltodextrin concentration and drying air temperature on the
ash content of the samples collected in the cyclone. It is verified that drying temperature and maltodextrin concentration pre-
sent decreasing influences, i.e, when these pass from level -1 to level +1, was observed that ash content decreased for 2.31%,
when the drying temperature was 130 °C (-1) and maltodextrin concentration of 5% (-1).

The titratable total acidity (TTA) of the powder samples ranged from 0.93 to 1.27 for the samples collected in the dryer
chamber and from 0.93 to 1.56 for the samples in the cyclone. Higher contents were found by CARVALHO et al. (2017) for
the umbu-caja with goat milk powder samples, obtained by drying process in a spray dryer, whose ATT values were from 3.92
to 5.76% in the chamber, and from 3.84 to 5.90 for the cyclone, respectively. Lower ATT values were obtained for the samples
with higher maltodextrin concentration and higher values for the samples with lower amount of maltodextrin, demonstrating
the influence of this parameter on the ATT.

The ATT values of the samples collected in the chamber were, in all experiments, lower than samples collected in the
cyclone, indicating that samples collected in the chamber were less acidic. A probable explanation for this effect can be the
exposure of the samples to higher temperatures in the drying chamber and a longer exposure time under this condition, when
compared to the samples collected in the cyclone, providing greater organic acids oxidation in the drying chamber (reference).
Equations 5 and 6 represent the coded empirical models of linear regressions adjusted to the experimental data of the total
titratable acidity for the powder samples collected in the chamber and cyclone, respectively. In these equations, the parameters
in bold are statistically significant at the 95% level of confidence, because only the average and maltodextrin concentration
significantly influenced the ATT of the powder samples.

Acidity (Ca) = 1.08 + 0.01T - 0.12C - 0.05T.C )
Acidity (Ci) = 1.27 - 0.07T - 0.25C - 0.004T.C &)

From variance analysis of the models fitted to the experimental data for the total titratable acidity of the powder samples
collected in the chamber was verified that F value (25.22) was higher than F value (19.16) for ATT, first model

was considered statistically significant for thecal9€u51?’t/;dconﬁdence level. The ratio betwegrblulE:llCulale (andF - wasapproximately
1.3 and considered not predictive. The R* value observed for the adjusted model was 0.9738. The F_ value (31.82) was
higher than F , = value (19.16) for ATT of the powder samples collected in the cyclone, and model was considered statis-
tically significant at 95% confidence level and ratio between F and F was approximately 1.7 and also considered

calculated tabulated



Ciéncia e Natura v.40, €72, 2018

non-predictive (DUARTE; MEOLA, 2007). The R? value of the model adjusted for ATT was 0.9793.

Figure 1 shows the ATT representation as function of the drying temperature and maltodextrin concentration of the collected
powder samples in chamber (c¢) and cyclone (d). The averages and maltodextrin concentration presented significant influences.
It can be seen in Figure 1(c) that for any temperature value, ATT increases with decreasing maltodextrin concentration, i.e.,
althout that maltodextrin has a small acidity is not sufficient for the highest concentration level, increasing acidity value in
sample, and surpassing the sample value with lower concentration, implying that organic acids highest concentration is due
to buriti pulp.

The results obtained for the collected samples density in the chamber oscillated between 1.24 and 1.37 g cm™ and in the
cyclone between 1.23 and 1.34 g cm for each levels combination. ZAREIFARD et al. (2012) and TZE et al. (2012) found
density values varying from 0.41 to 0.69 g cm™ and from 0.29 to 0.35 g cm?, respectively, after to study the lemon juice sam-
ples and pitaya, respectively, both with maltodextrin and dried in a spray dryer. It also was observed that powder formulations
densities made with buriti pulp collected in the chamber and cyclone presented higher values, than those determined by these
researchers.

According to SANTANA (2013) knowledge of the food density is important for the processing, packaging, storage and
transport. Equations 7 and 8 present, the first-order coded models adjusted to the experimental data of the density as temperature
function and maltodextrin concentration of the collected powder samples in the chamber and cyclone, respectively. It is obser-
ved in the Eq. 7, that densities for the collected powder in the chamber all the coded parameters were statistically significant
and, in the Equation 8§, for the collected powder samples in the cyclone, that only the density general average was significant.

Density (Ca) = 1.29 - 0.05T + 0.012C - 0.014T.C 0
Density (Ci) = 1.27 - 0.01T - 0.002C + 0.003T.C ®

It was observed a significant effect of the drying air temperature on the density of the collected powder samples in the
chamber, which suffered a decrease with increasing temperature. GOULA and ADAMOPOULOS (2010) evaluated the effect
of the drying temperature on the density of the orange juice powder, which is justified by increasing temperature, which causes
the evaporation rate increase and present a more porous or fragmented structure of the samples studied.

From the ANOVA results corresponding to the model adjusted of the density data of the samples collected in the chamber
as temperature function and maltodextrin concentration, such results were explained by regression linear (R= 0.9952) and

caleutaiea VaIue (78.6) was higher than F  value (19.16), withaF_  /F  ratioof4.1, being this model considered sta-
tistically significant and predictive (Duarte & Meola, 2007). Again, using ANOVA data for the model adjusted of the densities
for the samples collected in the cyclone, it was verified that the F . (0.32) was smaller than the F  _  (19.16), meaning
that model is not statistically significant at 95% confidence and, the F__  /F ' ratio is lower than 4, indicating that model
is not considered predictive (DUARTE & MEOLA, 2007). It was also observed by R?, that this equation explains only 32.59%
of the total density variation, being considered a weak adjustment.

It can be seen in Figure 1(e) that the drying temperature and maltodextrin concentration show significant influences. When
maltodextrin concentration passes from -1 to level +1, density value increases with decreasing temperature; thus higher den-
sity value (1.37 g cm™) was observed for the drying temperature of 130 °C (-1) and maltodextrin concentration of 15% (+1).

The response surface of the collected samples density in the cyclone not presented a statistically significant effect, since,
in addition to the F-test, the linear regression was not statistically significant, and R? was lower, aproximately 0.33.

The better results obtained for determination of the optimum drying conditions of the buriti pulp formulations were found for
the samples collected in the cyclone in the spray dryer, according to the responses studied in the factorial experimental design.

4 Conclusions

The first-order empirical model obtained for the density the samples collected into chamber was statistically significant and
predictive. However, for titrable total acidity, model was statistically significant, but not predictive and, for the parameters of
moisture content and ash, models were not statistically significant. Average of the values observed, the drying temperature,
the maltodextrin concentration and interaction between these two factors showed a statistically significant effect on the density
of powder samples collected in the dryer chamber. Higher density value for these samples was obtained with higher malto-
dextrin concentration (15%) and lower temperature (130 °C). For the samples collected into chamber, the ash content was not
influenced by maltodextrin concentration or temperature, or the interaction of both factors.

First-order empirical models obtained for moisture, titratable total acidity and ashes of the powder samples collected in the
cyclone were statistically significant, but not predictive. For the density, models were not statistically significant. And, finally,
for the ash of the samples collected in the cyclone, density parameter was not influenced by maltodextrin concentration, drying
temperature or the interaction of both factors.
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