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Abstract 
This study evaluated Bacaba powder produced in a spouted bed as a source of bioactive compounds and high energy 
value. The conditions influencing the drying process parameters (yield, moisture level, phenolic and anthocyanin 
retention) as well as simultaneous optimization (optimal conditions) of production were also considered. Drying was 
most efficient at 75 °C using maltodextrin concentrations above 20.0% (w/w). Higher anthocyanin retention (92.52%) 
at 65 °C (p = 0.0003), and a maltodextrin concentration of 20.0% (w/w) resulted in high retention of phenolics (95.38%). 
Accordingly, the operations tested under the desirability function (68 °C, maltodextrin concentration of 21.7% w/w, 
and air velocity of 1.3 × minimum spouting velocity (Vjm) m s-1) resulted in a process yield of 55.04% and the dry basis 
(d.b.) composition results were: total phenolics (376.43 mg GAE 100  g-1), energetic value (612.64 kcal 100 g-1), lipids 
(47.74 g 100 g-1), carbohydrates (27.79 g 100 g-1), protein (15.10 g 100 g-1), and dietetic fiber (8.45 g 100 g-1). The high 
solubility (92%), flowability (14%), energy, and bioactive characteristics of Bacaba powder suggest the potential for 
many applications, such as development of dietary supplements, high-energy drinks, milk-based and instant products, 
and bakery products. 

Keywords: Energy value; Phenolic compound; Oenocarpus bacaba; Spouted bed drying. 

Resumo 
Este estudo avaliou o pó de bacaba produzido em leito de jorro como fonte de compostos bioativos e de alto valor 
energético. As condições que influenciaram os parâmetros do processo de secagem (desempenho, teor de umidade, 
retenção fenólica e de antocianina), bem como a otimização simultânea (condições ótimas) de produção foram 
consideradas. A secagem foi mais eficiente a 75 °C usando maltodextrina em concentrações acima de 20% (p/p). A 
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retenção de antocianinas foi alta (92,52%) a 65 ºC (p = 0,0003), e uma concentração de maltodextrina de 20% (p/p) 
resultou em alta retenção de fenólicos (95,38%). Assim, nas operações testadas sob a função desejabilidade (68 °C, 
concentração de maltodextrina de 21,7% p/p e velocidade do ar de 1,3 × velocidade de jorro mínimo (Vjm) m s-1), o 
rendimento do processo foi de 55,04%, e os resultados de composição em base seca (b.s.) foram: fenólicos totais, 
376,43 mg GAE 100 g-1; valor energético, 612,64 kcal 100 g-1; lipídios, 47,74 g 100 g-1; carboidratos, 27,79 g 100 g-1; 
proteína, 15,10 g 100 g-1; e fibra dietética, 8,45 g 100 g-1. A alta solubilidade (92%), a fluidez (14%), a energia e as 
características bioativas do pó de bacaba sugerem seu potencial uso em muitas aplicações, como no desenvolvimento 
de suplementos dietéticos, bebidas de alta energia, produtos à base de leite, instantâneos e de confeitaria. 

Palavras-chave: Valor energético; Compostos fenólicos; Oenocarpus bacaba; Secagem em leito de jorro. 

1 Introduction 
Phenolic compounds are the most active and prevalent antioxidants in vegetables, fruits, and processed 

foods. Due to several structural combinations, these phytochemicals are divided in different classes based on 
the main sources of phenolic antioxidants: flavonoids, phenolic acids, tannins, and tocopherols (Shahidi & 
Ambigaipalan, 2015). Anthocyanins are phenolic compounds of the flavonoid class, found particularly in 
dark-colored and red fruits. They are soluble in water and used in preparing industrial colors, astringents, and 
scents, and for promoting oxidative stability of food (Castañeda-Ovando et al., 2009). 

The antioxidant properties of phenolic compounds are essential, and they extend the shelf life of food 
products without adverse effects on nutritional and sensory qualities. Moreover, chemically and biologically 
interesting properties have been observed, as the protective effects of these compounds on human health, 
particularly in preventing oxidation, cardiovascular disease, cancer, diabetes, and obesity (Dias et al., 2017). 

In this context, the search for sources of natural antioxidants that not only act as substitutes for synthetic 
antioxidants and as stabilizers of lipid oxidation, but also can add nutritional value and provide bioactive 
compounds by incorporation into food matrices, is crucial (Shahidi & Ambigaipalan, 2015). 

The Amazonian region has several varieties of fruits that were unknown until recently and that are 
receiving relevance owing to their excellent flavor, nutritional characteristics, and potential antioxidant 
activity (Neri-Numa et al., 2018). One such is the palm Bacaba, Oenocarpus bacaba Mart., whose fruit pulp 
is normally consumed, presenting a pleasant taste and a milky-cream color. This fruit (harvested from January 
to July) has high exploratory value for agro-industrial purposes, and it is a potential source of natural 
antioxidants and energy food (Abadio Finco et al., 2012). 

Although the use in folk medicine predicts the functional properties of Bacaba fruits, their nutritional and 
bioactive potential has not yet been sufficiently studied (Abadio Finco et al., 2016). Several benefits 
associated with their consumption are reported, such as antioxidant (Leba et al., 2016) and antiproliferative 
activity (Abadio Finco et al., 2013), and potential chemopreventive activity against carcinogenesis (Abadio 
Finco et al., 2016). 

Angelo & Jorge (2007) confirmed that phenolic compounds mainly occur in citrus and tropical fruits, and 
that they are found in greater quantities in pulp than in fruit juice. However, the high degree of perishability 
and oxidation of pulps motivates research on processing methods that reduce the degradation of these 
compounds. The viable solution, described in specialized literature, is the use of spouted beds for drying of 
products. 

Drying of fruit pulps in spouted bed is recommended with the addition of carrier agents; however, when 
unused, they can generate agglomerated products on the dryer wall instead of a dry powder. In this context, 
maltodextrin is the most used coadjuvant in function of high solubility in cold water, low hygroscopicity and 
lower cost. In addition, due to the high molecular weight, the addition of maltodextrin increases the glass 
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transition temperature of the suspension, impacting on higher yields and facilitating subsequent transport and 
storage operations (Bhandari et al., 1997). 

The products in powder form thus obtained retain the content of bioactive compounds and maintain 
excellent quality (Wachiraphansakul & Devahastin, 2007). Therefore, spouted bed technology is usually 
recommended for thermosensitive materials as it operates at lower temperatures than other dryers such as 
spray dryers (Fujita et al., 2013). 

The present study evaluates Bacaba powder, produced by drying the fruit pulp on a spouted bed, as a novel 
source of phenolics and anthocyanins. With the intention of promoting the use of the product in industry, the 
study describes the optimization of the production process as well as the bioactive, energetic, and physical 
characteristics of Bacaba powder. 

2 Material and methods 

2.1 Materials 

Bacaba pulp was obtained from a commercial establishment in Belém (State of Pará, Brazil), transported 
in hermetically sealed boxes and stored at -18 °C, being thawed as per the requirements of each experiment. 
MOR-REX® 1910 maltodextrin (Ingredion Brasil Ingredientes Industriais Ltda., Sao Paulo, Brazil) with 
dextrose equivalent 10 was used as a coadjuvant in the drying process. Thawed Bacaba pulp was diluted in 
distilled water (3:1, w/w) to avoid clogging the atomizer nozzle. Maltodextrin was added to the diluted 
Bacaba pulp according to the amount required for each assay and was stirred magnetically until complete 
dissolution. 

2.2 Spouted bed 

The drying process of Bacaba-maltodextrin pastes was carried out in a conventional spouted bed with 
cone-cylindrical geometry. The spouted bed was composed of an acrylic cylinder with an inner diameter of 
0.16 m, and 0.8 m high. The cone part is 0.15 m high and has an air inlet with a diameter of 0.0254 m at an 
angle of 60º. The experimental scheme is shown in Figure 1. The atomization pressure used in the drying 
experiments was approximately 68.95 kPa, with an average flow rate of 5.5 mL min-1. The pastes were 
magnetically stirred five times under an intermittent regime (10-minute intervals) during the process. The 
amount of paste used in each experiment was approximately 0.30 kg. The high-density polyethylene (HDPE) 
particles used in the drying experiments had an average diameter of 3.17 ± 0.23 mm and a real specific mass 
of 970 ± 0.06 kg m-3, characterizing it as a type D powder according to the classification of Geldart (1973). 
For each experimental trial, 1.0 kg of HDPE was used, corresponding to a fixed bed height of 0.12 m. Fluid 
dynamics tests were performed on the inert material to obtain the minimum velocity necessary for spout 
regime outflow (Vjm). The film covering the HDPE particles is dried by the convective hot air stream and by 
the contact with the inert particles heated by thermal conduction. Throughout drying, the film becomes brittle 
and, due to the inter-particle and particle-wall collisions, it fractures and is released in the air stream. The 
powder produced is collected by a Lapple cyclone constructed in 5 mm thick acrylic resin. 
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Figure 1. Experimental scheme. (1) Rotation/Frequency inverter; (2) Centrifugal blower; (3) Control valve; 

(4) Cooler; (5) Orifice plate; (6) Electrical heater; (7) Digital thermometer; (8) Conical bed base; (9) Cyclone; 
(10) Powder collector; (11) Cylindrical column; (12) U-tube differential manometer; (13) Compressed air line; 

(14) Paste; (15) Peristaltic pump; (16) PID controller of temperature; (17) Digital manometer; (18) Magnetic stirrer; 
(19) Spray nozzle; (20) Sprayed paste; (21) HDPE particles; (22) Galvanized steel pipe; (23) Water. 

2.3 Characterization of pastes and powder 

The Bacaba-maltodextrin pastes were characterized in terms of solid concentration (gravimetric method 
in an oven set to 105 °C), density (liquid pycnometry), contact angle (goniometer, ChemInstruments, Tantec 
Contact Angle Meter, model CAM-PLUS, OH, USA), and anthocyanin and total phenolic compound 
concentrations. The Bacaba powders obtained in the 15 experimental drying assays were analyzed for total 
phenolic and anthocyanin retention, moisture content, and yield. Under the optimum drying condition, the 
total phenolic compound and anthocyanin concentration, energy value, physical and chemical composition, 
moisture content, morphology, flowability, and solubility were determined. 

2.3.1 Total phenolic compound concentration 

The extract used for testing anthocyanins and phenolic compounds was prepared according to the method 
of Borges et al. (2016) using water as extractor solution. The total phenolic compound content was 
determined by UV-Vis spectrophotometry at a wavelength of 760 nm, according to Georgé et al. (2005). An 
analytical curve was constructed using the gallic acid standard curve to quantify the total phenolic compound 
content. Results were expressed as gallic acid equivalent milligrams (mg GAE 100 g-1). 
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2.3.2 Total anthocyanin concentration 

Total anthocyanin content was determined according to the differential pH method, as described by Giusti 
& Wrolstad (2001), using 0.025 M potassium chloride (pH 1.0) and 0.4 M sodium acetate (pH 4.5) buffer 
solutions. The absorbance values were measured on an Ultraviolet-Visible (UV-Vis) UV-1800 
spectrophotometer (Shimadzu, Kyoto, Japan) at wavelengths of 510 and 710 nm, and the concentration of 
anthocyanin was calculated according to Equation 1. 

( ) ( )510  710  510  710  1.0  4.5

1000   a pH pH

MW DFC A A A A
lε

× × = − − − ×  ×
 (1) 

where, Ca is the anthocyanin concentration (mg L-1), A510 and A710 correspond to the absorbance values of 
the samples read at 510 and 710 nm, respectively, MW is the molecular weight of cyanidin-3-glucoside 
(449.2 g mol-1), DF the dilution factor, ε  the molar extinction coefficient of cyanidin-3-glucoside 
(26,900 L mol-1 cm-1), and l the pathway length (cm). Anthocyanin and phenolic retentions were calculated 
based on the difference between the concentrations of the bioactive compounds analyzed before and after the 
drying process on a dry basis. 

2.3.3 Physical and chemical composition and energy content 

Moisture (method 925.09 AOAC) lipid (method 31.4.02 AOAC), crude protein (Nx6.25) (method 
920.87 AOAC), ash (method 923.03 AOAC), and total dietary fiber (method 985.29 AOAC) content were 
measured in both the Bacaba pulp and powder according to Association of Official Analytical Chemists 
(1997), and the carbohydrate content was calculated by difference [100 – (protein + lipids + 
moisture + ash + total dietary fibers)]. The energy content was calculated according to Menezes et al. (2016) 
summing the products of protein, carbohydrate, lipid, and dietary fiber content by 4, 4, 9, and 2 kcal g-1, 
respectively [4 x protein + 4 x carbohydrate + 9 x lipid + 2 x dietary fiber] and by combustion calorimetry 
analyzing the Superior Calorific Power (PCS) experimentally determined in an adiabatic calorimeter (PARR 
6200 Calorimeter), according to the method described by Santos (2010). The PCS value was experimentally 
determined and multiplied by the respective coefficient of digestibility for fruits (0.85), as described by 
Merrill & Watt (1973), to obtain the energy value (kcal 100 g-1). 

2.3.4 Morphology, flowability, and powder solubility 

The morphology of the Bacaba powder was analyzed by scanning electron microscopy (SEM), using 
VEGA3 (TESCAN, Kohoutovice, Czech Republic). Flowability was determined using the Carr index (CI), 
calculated from Equation 2 (Turchiuli et al., 2005), which relates to the values of specific bulk (ρbulk) and 
tapped (ρtapped) masses. Specific bulk mass was obtained by weighing Bacaba powder equivalent to a volume 
of 10 mL in a beaker, and compacted specific mass was measured by lightly tapping 180 times the beaker 
containing the same sample amount for determining specific bulk mass (Chever et al., 2017). 

( )
100tapped bulk

tapped

CI
ρ ρ

ρ

−
= ×  (2) 

The method described by Cano-Chauca et al. (2005) was used to determine the solubility of the powdered 
mixture in water. Solubility (%) was calculated based on the difference between the initial solid mass used 
in the analysis (1 g) and the resultant solid mass in the aliquot supernatant. 
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2.4 Statistical analysis 

The experimental design of Box & Behnken (1960) was used for designing the Bacaba spouted bed drying 
assays. Fifteen experimental runs were performed, for which operational input variables were studied; their 
respective coded values are shown in Table 1. The response variables analyzed were: process yield (Y), final 
powder moisture content (MC), anthocyanin retention (AR), and total phenolic compound retention (TPCR). 
The process yield was determined according to Equation 3 by relating the collected powder mass (mpowder) in 
the cyclone with the total mass of the paste (mpaste) added to the spouted bed for each experiment, on a dry 
base. 

( )
( )
1

100
 1

powder powder

paste paste

m MC
Y

m MC

−
= ×

−
 (3) 

The second order polynomial model generated for this type of design is shown in Equation 4, where Ŷ  
corresponds to each of the response variables, xi is the coded level of the design variables, n is the number of 
operational variables, b0 is a constant, and bi, bii, and bij are the regression coefficients of the linear, quadratic, 
and interaction terms, respectively. 

2
0

1 1

ˆ
n n n

i i ii i ij i j
i i i j

Y b b x b x b x x
= = <

= + + +∑ ∑ ∑  (4) 

Verification of the quality of the proposed models was based on the coefficient of determination (R2), 
independence, normality, homogeneity of residue variance (Bartlett’s test and Levene’s test), and absence of 
outliers. Statistical analyses were performed using Statistica® 13.1 (DELL Inc., CA, USA) at significance 
level α = 0.05. To optimize multiple responses simultaneously, the global desirability function was applied 
(Derringer & Suich, 1980). 

3 Results and discussion 

3.1 Characterization of Bacaba-maltodextrin pastes 

The content of various components of the Bacaba pulp was as follows: moisture 87.06 ± 1.08 g 100 g-1 
(w.b.), protein 16.07 ± 0.24 g 100 g-1, lipids 69.78 ± 0.47 g 100 g-1, ash 1.16 ± 0.07 g 100 g-1, dietary fiber 
9.12 ± 0.53 g 100 g-1, carbohydrates 3.86 ± 0.25 g 100 g-1, energy 715.56 ± 9.14 kcal 100 g-1, total 
anthocyanins 9.57 ± 2.34 mg 100 g-1 (expressed as cyanidin-3-glucoside), and total phenolics 
453.26 ± 0.75 mg GAE 100 g-1. After dilution, different maltodextrin proportions were added to the Bacaba 
pulp; their characteristics are summarized in Table 2. Contact angles greater than 70° were observed for all 
Bacaba-maltodextrin pastes, which indicate that the spouted bed drying of these pulps using HDPE is 
favorable (Rocha et al., 2009). 

3.2 Evaluation of experimental design 

The responses obtained after spouted bed drying of the pastes are shown in Table 1. The pressure drop 
curves obtained in the fluid dynamics analysis showed typical spouting profiles as described by Mathur & 
Epstein (1974), and the jmV  values at 55 °C, 65 °C, and 75 °C were 21.62, 19.75, and 19.01 m s-1, 

respectively. 
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Table 1. Experimental design matrix of Box and Behnken with real and coded variables and experimental results. 

Tests 
Independent variables Response variables 

T (X1) M (X2) V (X3) Y MC AR FR 

1 55 (-1) 15 (-1) 1.25 jmV×  (0) 33.06 10.14 76.22 83.02 

2 75 (1) 15 (-1) 1.25 jmV×  (0) 35.59 5.87 16.98 78.85 

3 55 (-1) 25 (1) 1.25 jmV×  (0) 25.67 10.07 82.51 59.74 

4 75 (1) 25 (1) 1.25 jmV×  (0) 49.55 5.72 23.01 65.56 

5 55(-1) 20 (0) 1.2 jmV×  (-1) 31.73 10.20 80.09 68.56 

6 75 (1) 20 (0) 1.2 jmV×  (-1) 56.41 6.21 23.13 72.93 

7 55 (-1) 20 (0) 1.3 jmV×  (1) 33.62 9.82 74.68 95.38 

8 75 (1) 20 (0) 1.3 jmV×  (1) 52.63 5.68 37.52 79.76 

9 65 (0) 15 (-1) 1.2 jmV×  (-1) 38.84 8.91 73.94 87.04 

10 65 (0) 25 (1) 1.2 jmV×  (-1) 48.50 8.78 80.09 66.37 

11 65 (0) 15 (-1) 1.3 jmV×  (1) 45.44 8.60 82.43 88.34 

12 65 (0) 25 (1) 1.3 jmV×  (1) 52.16 8.51 82.35 73.07 

13 65 (0) 20 (0) 1.25 jmV×  (0) 51.10 8.70 92.52 82.51 

14 65 (0) 20 (0) 1.25 jmV×  (0) 48.65 8.63 89.95 74.33 

15 65 (0) 20 (0) 1.25 jmV×  (0) 48.91 8.74 91.31 78.52 

T = Drying air temperature (°C). M = Maltodextrin concentration (% w/w). V  = Drying air velocity (m s-1). jmV  = Minimal spouting 

velocity. Y = Process yield (%). MC = Moisture content (g 100 g-1 w.b.). AR = Anthocyanin retention (%). FR = Phenolic retention (%). 

The regression coefficients that allow the construction of the polynomial model for each analyzed response 
are summarized in Table 3. The coefficients of determination (R2) were adequate (> 0.895) for all the 
response variables, indicating the percentage of experimental variance explained by the proposed regression 
equations. 

Table 2. Characterization of diluted Bacaba pulp and of the Bacaba-maltodextrin pastes. 

Properties Diluted Bacaba Bacaba-maltodextrin pastes 
3:1 (w/w) 85%-15% (w/w) 80%-20% (w/w) 75%-25% (w/w) 

Density (kg m-3) 1120.08 ± 0.01 1180.16 ± 0.01 1190.48 ± 0.01 1210.35 ± 0.01 
Solid concentration (g 100 g-1) 11.08 ± 0.52 20.17 ± 0.36 25.60 ± 0.59 29.25 ± 0.45 

Contact angle (º) 68.5 ± 0.80 74.9 ± 0.70 80.2 ± 1.00 82.5 ± 1.50 
Total anthocyanins 

 (mg 100 g-1 cyn-3-glu d.b.)† 7.31 ± 0.31 6.85 ± 0.03 6.55 ± 0.02 6.24 ± 0.04 
Total phenolic (mg GAE 100 g-1 d.b.)‡ 448.26 ± 0.84 444.39 ± 0,57 437.05 ± 0.42 433.22 ± 0.49 

†cyanidin-3-glucoside. ‡gallic acid equivalent. d.b.: dry basis. 

3.2.1 Effect of operational variables on process efficiency and powder final moisture content 

Changes in operational input variables X1 and X2 positively affected the yield of the Bacaba spouted bed 
drying process (Table 3); higher temperature and maltodextrin concentrations promoted a higher process 
yield (Figure 2A). With respect to the positive influence of temperature, this finding is consistent with the 
results for the spouted bed drying of açaí (Euterpe oleracea Mart.) pulp (Costa et al., 2015) and of papaya 
(Carica papaya) seeds for oil production (Chielle et al., 2016). 
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Table 3. Analysis of variance for the effects of operational variables in each response variable and coefficients for the 
prediction models. 

Source df† 
Process yield Moisture content Anthocyanin retention Phenolic retention 

Coef.‡ SS§ p Coef.‡ SS§ p Coef.‡ SS§ p Coef.‡ SS§ p 
X1 1 8.7632 614.3558 0.0029* -2.0937 35.0703 0.0001* -26.6091 5664.3591 0.0003* -1.1997 11.5139 0.4940 

X2 1 -8.1100 65.8577 0.0264* -0.7304 0.0242 0.1066 -33.7161 42.2513 0.0368* -3.1052 657.4818 0.0245* 

X3 1 2.8692 8.7399 0.1591 -0.0550 0.2775 0.0108* 2.2981 48.7259 0.0322* -9.0656 216.7750 0.0693 

X12 1 -5.4751 242.8475 0.0074* -0.0079 1.9699 0.0015* -7.8674 4197.3151 0.0004* -3.5552 35.6012 0.2820 

X22 1 1.0452 110.6834 0.0160* -0.1862 0.0002 0.8091 2.4679 228.5395 0.0071* 5.2055 46.6683 0.2368 

X32 1 2.1546 17.1410 0.0913 0.0196 0.0014 0.5664 -3.6920 50.3301 0.0312* 3.8081 53.5442 0.2155 

X1 X2 1 5.3382 113.9832 0.0155* -0.0200 0.0016 0.5447 -0.0651 0.0170 0.9284 2.4965 24.9304 0.3466 

X1 X3 1 -1.4168 8.0293 0.1698 -0.0375 0.0056 0.3079 4.9486 97.9535 0.0164* -4.9971 99.8825 0.1345 

X2 X3 1 -0.7333 2.1507 0.3895 0.0100 0.0004 0.7522 -1.5582 9.7119 0.1358 1.3486 7.2754 0.5774 

Lack of Fit 3  67.7477 0.0751  0.0436 0.1787  81.0281 0.0580  103.2428 0.3437 

Pure Error 2  3.6197   0.0061   3.2924   33.4606  

Total 14  1251.2039   37.4275   10249.9070   1299.5245  

b0¶  49.5529   8.6883   91.2617   78.4530   

R2   0.943   0.999   0.992   0.895  
†degrees of freedom. ‡regression coefficient. §Sum of square. ¶Intercepto. *p < 0.05 (Statistically significant values). 

Thus, it is understood that the increase in temperature of the spouted bed promotes high heat transfer rates, 
which contributes to improved paste drying and increased rate of powder formation. Pastes with higher 
concentrations of maltodextrin revealed a tendency to increase powder yield. This behavior occurs due to a 
possible increase in the glass transition temperature of the suspension, caused by the addition of high 
molecular weight compounds such as maltodextrin (Cano-Chauca et al., 2005). The result is the prevention 
of agglomerates formation on the dryer wall avoiding low yield, even in suspension with high evidence of 
sugar, such as Bacaba. Similar behaviors were observed in studies of Fujita et al. (2013) and Santiago et al. 
(2016) in the production of Camu-Camu and Pomegranate powder. 

X1 and X3 were the only variables that had a significant effect on the moisture content of spouted-bed-dried 
Bacaba powder (Table 3). Higher velocities supposedly increases the solid-fluid surface contact, which 
facilitates mass transfer, thereby reducing the moisture content of the material. 

The least moist powders (< 6.0 g 100 g-1) were obtained at higher temperatures (Figure 2B). This is due to 
the high heat transfer rates, which provide the necessary and sufficient driving force for establishing positive 
differences in the partial water vapor pressure between the moisture contained on the surface of the material 
and the humidity of the surrounding air, which enable high mass transfer rates. This is a desirable property 
because low moisture content of powdered fruits (< 15 g 100 g-1) increases the shelf life of the products and 
decreases microorganism proliferation (Brasil, 2005; Food and Agriculture Organization, 2007). 
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Figure 2. Response surface of the (A) process yield for X3 = 0, drying air velocity of 1.25 × Vjm (m.s-1); (B) moisture 

content for X2 = 0, maltodextrin concentration of 20% (w/w); (C) retention of anthocyanins for X3 = 0, drying air 
velocity of 1.25 × Vjm (m.s-1); (D) phenolic retention for X1 = 0, drying air temperature of 65 °C. 

3.2.2 Effect of operational input variables on anthocyanin and phenolic compound retention 

The powdered Bacaba showed anthocyanin retention of 16.98 at 92.52% (Table 1), corresponding to a 
concentration of 1.16 at 6.06 mg 100 g-1. The large change can be attributed to the action of temperature, 
whose influence was highly significant (p = 0.0003, Table 3). This effect is consistent with our predictions 
because these pigments are extremely temperature-labile (Castañeda-Ovando et al., 2009). The response 
surface revealed lower anthocyanin retention values when approaching the maximum temperature 
(Figure 2C). These constituents are therefore likely to degrade considerably at temperatures close to 75 °C, 
as previously described (Kırca et al., 2007). The region of greatest retention of anthocyanins in the process 
is indicated in Table 1 as corresponding to the central point (X1, X2 and X3 = 0), and is clearly shown in 
Figure 2C. The value of 92.52% is higher than the data described in the literature for pulps dried in spray 
dryers, where, on average, retention of these constituents is approximately 60% to 75% (Santiago et al., 
2016). 

For phenolic compounds, retention varied from 59.74% to 95.38%, corresponding to concentrations of 
258.81-416.86 mg EAG 100 g-1. Wilkowska et al. (2016) obtained 73% retention of phenolic compounds for 
blueberry (Vaccinium myrtillus) using a spray dryer. 

Analysis of variance (Table 3) indicated that the concentration of maltodextrins (X2) had a significant 
negative effect on the retention of phenolic compounds (see also Figure 2D). Moreover, Fujita et al. (2013) 
observed this effect during spouted bed drying of camu-camu (Myrciaria dubia McVaugh) pulp, where 
powders resulting from pastes formulated with lower maltodextrin content had higher amounts of phenolic 
constituents, after accounting for the dilution effect. Thus, the addition of the carrier agent at lower 
concentrations is related to the increase in the amount of Bacaba inserted into the spouted bed, because the 
lower the maltodextrin proportion, the greater the bulk amount of Bacaba present in the formulation 
(Table 2). 
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3.3 Simultaneous optimization 

Table 4 presents the parameters used in the global desirability function to obtain a higher yield, and 
anthocyanin and phenolic retentions, in addition to lower moisture content. 

Table 4. Parameters assumed in the global desirability function. 

Response variables Parameters assumed in optimization 
Low Medium High s t 

Process yield (%) 25.67 (0) 41.04 (0) 56.41 (1) 2 2 
Moisture content (g 100 g-1 w.b.) 10.20 (0) 7.94 (1) 5.68 (1) 2 2 

Anthocyanin retention (%) 16.98 (0) 80.00 (1) 92.52 (1) 2 2 
Phenolic retention (%) 59.74 (0) 80.00 (1) 95.38 (1) 2 2 

(0) Unacceptable values. (1) Acceptable values for the desirability function. s and t: Exponents of the desirability function. 

Figure 3 shows the operating conditions (X1 = 0.27; X2 = 0.33; X3 = 1) that allowed for maximization of 
Bacaba drying in the spouted bed, indicating an overall desirability coefficient of 0.9969, which is considered 
excellent (Lazić, 2004). The design variables obtained in the simultaneous optimization were decoded according 
to a previously described method (Myers et al., 2009). The following conditions were found to be optimal: 
drying temperature of 68 °C, maltodextrin concentration of 21.7% w/w, and air velocity of 1.3 × Vjm m s-1. 

 
Figure 3. Graph of the desirability function for the simultaneous optimization of the variables. 

Under these experimental conditions, the yield of the process was 55.04 ± 1.5%, with moisture content of 
7.50 ± 1.08 g 100 g-1 water basics (w.b.), and anthocyanin and phenolic compound retention of 80.87 ± 0.95% 
and 83.05 ± 1.2%, respectively. We found that these experimental values are very close to the values 
predicted by the desirability function (Figure 3), which validates the efficiency of this simultaneous 
optimization technique. 
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3.4 Characterization of Bacaba powder 

The composition of Bacaba powder obtained under operating conditions determined by the desirability 
function was as follows: moisture 7.50 ± 1.08 g 100 g-1 (w.b.), protein 15.10 ± 0.34 g 100 g-1, lipids 
47.74  ±  0.42 g 100 g-1, ash 0.91 ± 0.12 g 100 g-1, dietary fiber 8.45 ± 1.06 g 100 g-1, carbohydrates 
27.79  ±  0.37  g 100 g-1, energy 612.64 ± 9.21 kcal 100 g-1, total anthocyanin 7.74 ± 2.10 mg 100 g-1 (expressed 
as cyanidin-3-glucoside), and total phenolics 376.43 ± 1.20 mg GAE 100 g-1. The lipid content decreased 
considerably, to half that of Bacaba pulp in natura, probably due to the adhesion of lipid constituents to HDPE 
particles and contact with the equipment walls. The carbohydrate content of the powder was significantly higher 
than that of the pulp in natura, probably due to the addition of maltodextrin, which also explains the high 
energetic value obtained. We noted that the produced powder is rich in dietary fibers and proteins, although 
small reductions in these properties occurred as compared with the pulp in natura. 

The flowability index (CI) was 14%, being characterized as excellent (< 15%) (Turchiuli et al., 2005). 
This parameter is important to ensure non-cohesive powders and may also have some effect on production 
quality and reliability (Zafar et al., 2017). The solubility of 92% indicated a high capacity of the powder to 
remain in a homogeneous mixture with water. This value is affected by the presence of maltodextrin, which 
has a highly soluble character (Cano-Chauca et al., 2005). Therefore, the high solubility of Bacaba powder 
could facilitate its incorporation and use in instant products in which rapid dissolution is required. 

SEM analysis showed the presence of spherical microparticles (Figure 4A), supposedly maltodextrin, 
adhered and aggregated into larger and irregular particles (Figure 4B), which were probably Bacaba powder 
fibers, exemplifying the supposed encapsulating character of maltodextrin towards anthocyanins. In addition, 
Bacaba powder showed irregular structure (Figure 4C) with the presence of some fusions (flattenings) was 
noted (Figure 4D) that may be associated with the mechanical deformations that the material is subjected to 
during spouted bed. 

 
Figure 4. Scanning electron microscopy (SEM) images of Bacaba powder produced at the optimal spouted bed drying 

condition; magnifications 3000 x (A), 900 x (B), 3.64 mm view field (C) and 5000 x (D). 
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3.4.1 Energetic Value (EV) 

The Bacaba powder presented energetic values (EV) of 612.64 ± 9.21 and 618.25 ± 7.55 kcal 100 g-1, 
obtained by the 4-4-9-2 method and by combustion calorimetry, respectively. No significant differences were 
observed when the results were compared with Tukey’s test (p < 0.05). We compared our results with 
energetic values for açaí and juçara (Euterpe edulis Mart.) powder (534.00 and 370.20 kcal 100 g-1, 
respectively), recommended by Murdock & Schauss (2009) as a food supplement, and determined that 
Bacaba powder has high incorporation potential as an energy additive for athletes. Potgieter (2013) 
determined that the caloric requirements for elite athletes can be up to 12,000 kcal day-1. To meet this need, 
athletes commonly use dietary supplements in order to preserve the nutritional balance in energy budgets. 

The high EV of Bacaba powder is largely owing to the content of lipids and carbohydrates, approximately 
64% and 17%, respectively, of the total caloric value. The high lipid content of Bacaba powder is an intrinsic 
feature of the product and originates from the pulp. Seixas et al. (2016) analyzed the lipid profile of Bacaba 
pulp and determined that it is rich in fatty acids, mainly oleic acid, which is essential for its cardiovascular 
protective function, and increases the number of hepatic receptors to low density lipoprotein (LDL), thus 
reducing the production and blood circulation of LDLs. 

3.4.2 Total Anthocyanin (TA) and Total Phenolic (TP) content 

The TA concentration in Bacaba powder (7.74 ± 2.10 mg 100 g-1) is relevant for comparison with other 
promising products such as Suriname cherry and blueberry powder residue (1.70, 0.10-1.21 mg 100 g-1), 
which are recommended by Borges et al. (2016) and Santos et al. (2019) as natural sources of food coloring 
and raw materials for anthocyanins. The TP concentration in Bacaba powder was 376.43 ± 1.20 mg 
GAE 100 g-1, presenting a 17% degradation from that of the in natura pulp. TP values for Bacaba powder 
that we have produced here are higher than those reported for other products that are widely accepted as 
antioxidant sources (Table 5). 

Table 5. Total phenolics present in bacaba powder compared to other products described in the literature. 

Products in powder Scientific name of the plant 
and cultivar (cv.) Process Total phenolic 

(mg GAE 100 g-1)† References 
Bacaba Oenocarpus bacaba Mart. Spouted bed 376.43 ± 1.2  

Cherry (juice and paste) Prunus cerasus cv. Marasca Spray drying 134.59 ± 2.7 
98.07 ± 0.1 Zorić et al. (2017) 

Guava (fruit) Psidium guajava L. Freeze drying 88.07 ± 3.9 Nunes et al. 
(2016) 

Banana (fruit) 
Musa nana Freeze drying 

Convective drying 
129.00 ± 10.0 
157.00 ± 7.0 

Guiné et al. 
(2015) 

Musa cavendishii Freeze drying 
Convective drying 

1.66 ± 12.0 
116.00 ± 2.0 

Guiné et al. 
(2015) 

Melon (pulp) Cucunis melo Freeze drying 315.45 ± 71.7 Morais et al. 
(2015) 

Papaya (pulp) Carica papaya Freeze drying 325.97 ± 64.5 Morais et al. 
(2015) 

Watermelon (pulp) Citrullus lanatus Freeze drying 241.99 ± 22.2 Morais et al. 
(2015) 

Pineaaple (residue) Ananas comosus Convective drying 275.00 ± 38.0 Oliveira et al. 
(2009) 

Acerola (residue) Malpighia emarginata Convective drying 681.00 ± 53.5 Oliveira et al. 
(2009) 

Passion fruit (residue) Passiflora alata Convective drying 103.00 ± 10.4 Oliveira et al. 
(2009) 

†gallic acid equivalent. 
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The value of TP is considered to be excellent because 100 g of Bacaba powder represents approximately 
84% and 81% of average daily intake of TP (450 and 460 mg) from vegetables and fruits in USA and Brazil, 
respectively (Chun et al., 2005; Corrêa et al., 2015). When compared with the dietetic digestion (DRI), which 
is 828 mg recommended by Williamson & Holst (2008), the TP content of 100 g of Bacaba powder 
constitutes 45% of the TP ingestion reference. 

Thus, this Bacaba fruit co-product can be considered a good natural antioxidant source because of the 
presence of the components that have the ability to destroy radicals and to fight diseases. Furthermore, in the 
food industry, substitution of synthetic antioxidants, such as butylhydroxyanisole (BHA) and 
butylhydroxytoluene (BHT), by natural antioxidants acting as retarders of lipid oxidation is recommended 
by the Food and Agriculture Organization (FAO) and World Health Organization (WHO), since synthetic 
antioxidants may present toxic effects causing even carcinogenesis (Botterweck et al., 2000). Therefore, 
Bacaba powder, as a food or an additive, has the potential to be an excellent alternative natural antioxidant 
source and can be used to improve food quality. The use of water in the extraction process (as in this study), 
in contrast to other solvents, is another advantage of Bacaba powder, mainly because of food safety and low 
production cost, since the consumption of in natura or minimally processed food, such as Bacaba powder, 
should form the basis of nutrition, bringing high health benefits. 

4 Conclusions 
The present study focused on Bacaba powder obtained by spouted bed drying. It is a rich source of phenolic 

compounds and is a high-energy food, which can be used for the formulation of functional products. The 
drying process in the spouted bed was most affected by temperature and maltodextrin concentration. The 
greatest rate of phenolic compound retention was obtained with low maltodextrin concentration. The Bacaba 
powder obtained at ideal drying conditions showed increased levels of lipids, fibers, carbohydrates, and high 
energy value. Thus, excellent fluidity, solubility, and morphological features were obtained by the spouted 
bed process. 

We report higher phenolic content for Bacaba powder than for other products and by-products already 
described in the literature and used in industry as sources of these constituent. Its possible intake directly or 
indirectly is significantly equivalent to the average percentage of total phenolics consumed in the USA and 
Brazil. The high energy content of Bacaba powder enables its consumption as a dietary supplement for 
athletes and for people who require a high-calorie daily diet. These characteristics suggest many potential 
applications of Bacaba powder, such as in the development of food supplements, high-calorie beverages, 
dairy and instant products, and baking products. 
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