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Abstract: Microencapsulation by atomization can be used to minimize the loss of bioactive 

compounds, improving the characteristics and applicability of the powdered product. This study 

evaluates the effect of different encapsulating agents (maltodextrin, gum arabic, and chitosan) and 

three spray nozzle diameters (1.0, 1.2, and 1.5 mm) on the atomization of guavira (Campomanesia 

adamantium) pulp with added 6% bocaiuva (Acrocomia aculeata) dehydrated pulp in the green 

maturation stage. The experiment followed a simplex-centroid mixed design, with carrier agent 

concentrations and spray nozzle diameters as independent variables and powder yield, solubility, 

hygroscopicity, and vitamin C content as dependent variables. The results show that gum arabica 

increased powder yield and vitamin C retention. The addition of maltodextrin resulted in powders 

with increased solubility and low hygroscopicity. Furthermore, the optimization tool indicated that 

the best process conditions were achieved with the addition of gum arabic (10.8%) and chitosan 

(7.2%), resulting in powders with 29.48% yield, 82.96% solubility, 15.90% hygroscopicity and 741.11 

mg/100g vitamin C. Furthermore, the 1.0 mm diameter spray nozzle was considered the most 

suitable for obtaining guavira pulp microparticles with higher ascorbic acid content. 

Keywords: atomization; response surface methodology; carriers; guavira; bocaiuva; spray drying 

 

1. Introduction 

The Brazilian Cerrado is widely recognized as one of the world’s biodiversity hotspots, being 

the second-largest biome in Brazil and South America. This biome is home to a wide range of native 

and endemic plant species, which have pharmacological, nutraceutical, and food potentials of great 

relevance. Among the plant species, Acrocomia aculeata and Campomanesia adamantium stand out, 

which are fruit species of high economic value. 

Acrocomia aculeata (Arecaceae), known as bocaiuva or macaúba, is a palm tree found abundantly 

in tropical and subtropical regions of South and Central America. The bocaiuva fruit has a sweet 

edible pulp with a mucilaginous texture that is rich in fiber, carbohydrates, and minerals [1], besides 

significant levels of vitamins, carotenoids, and flavonoids [2,3] being, therefore, able to contribute to 

human nutrition. Fiber is so important in a healthy diet that sometimes hydrocolloids are used to 

increase the fiber content of food products [4]. The fiber content of green (maturation stage) bocaiuva 

pulp is approximately 65%, of which 20% corresponds to soluble fiber [5] in the form of mucilage, a 

valuable nutritional component that is also used in the food industry as a thickening agent. 
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contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2024                   doi:10.20944/preprints202404.0706.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.



 2 

 

Campomanesia adamantium (Myrtaceae), whose fruits are popularly known as guavira or 

guabiroba, is recognized as a symbol of the state of Mato Grosso do Sul, Brazil. Recent studies have 

reported the antimicrobial activity of the leaves [6], the anti-depressant action of the fruit peel [7], 

and the anti-inflammatory and antinociceptive action of the microencapsulated pulp [8]. The fruit 

pulp can be potentially used in the food industry as a source of minerals, fiber, ascorbic acid, and 

phenolic compounds [9]. However, these fruits are highly perishable and seasonal, hindering their 

conservation and consumption. 

Dehydration remains the most widely used process for food preservation. Among the 

dehydration techniques, atomization or spray drying provides powdered products that still retain 

some of the nutrients even after high-temperature exposition for a short time. Additionally, 

atomization favors the formation of microcapsules depending on the encapsulating agents used. 

Therefore, atomization is the most commonly used microencapsulation technique because it is 

simple, fast, easily reproduced on an industrial scale, and low cost [10]. 

Microencapsulation enables coating solid, gaseous, or liquid substances with a matrix capable 

of forming a shell that stabilizes sensitive substances protecting them from environmental conditions 

and eliminating incompatibilities. Microencapsulation has various applications, not only in the food 

industry but also in pharmaceuticals [11], cosmetics [12], textiles [13], and agriculture as well as in 

the development of new pesticides [14], among others. 

Spray-drying microencapsulation is widely used to protect substances with nutraceutical 

properties, for example, phenolic compounds and anthocyanins [15], proteins and ascorbic acid [16], 

gallic acid and essential oil [10], carotenoids [17], among others. Encapsulants must be food-grade, 

biodegradable, and capable of forming a barrier between the internal and external phases. 

Carbohydrates (starch, dextrin, maltodextrin, cyclodextrin, modified starch, chitosan), cellulose, 

proteins, and gums are commonly used for this purpose [18]. Although spray dehydration is 

relatively simple, material characteristics, encapsulating agents, nozzle diameter, feed rate, hot 

airflow, and temperature are important variables that directly affect the final product’s quality. 

Given this, the response surface methodology (RSM) is an important process optimization tool 

that assists in choosing the process parameters to obtain the best conditions to meet the requirements 

of a given system, be it component preservation or yield [19,20]. The Simplex Centroid model is a 

useful RSM for optimizing formulations and processes with a limited number of experiments [21,22]. 

Therefore, this study evaluates the effect of added encapsulating materials (dehydrated 

bocaiuva pulp plus maltodextrin, gum arabic, or chitosan) and different nozzle diameters (1.0, 1.2, 

and 1.5 mm) on the properties of guavira pulp microencapsulated by spray drying. 

2. Materials and Methods 

3.2. Materials 

Ripe guavira (Campomanesia adamantium) fruits were purchased in Ponta Porã, MS, Brazil, 

whereas green bocaiuva (Acrocomia aculeata) fruits were collected in Itaporã, MS, Brazil. After being 

botanically identified, an exsiccata of each species, A. aculeata under No. 4783 and C. adamantium No. 

3755, was deposited in the Herbarium of the Grande Dourados Federal University, in Dourados, MS. 

Both species were registered in the national management system of the genetic heritage and 

associated traditional knowledge (SisGen) under access registration Nº A37EC3E. 

3.3. Obtaining the Pulps  

After manual washing and peeling, the guavira fruits were sanitized with a 0.66% (w/v) Sodium 

Dichloroisocyanurate Dihydrate (Sumaveg®—Diversey Lever) solution. The obtained pulp was 

sieved to separate the seeds and stored at -20 °C until use. 

The green bocaiuva fruits were peeled and the pulp was removed manually. The sliced pulp 

was dried in a dryer at 50 °C for 24 h. After drying, the pulp was ground and sieved through a 28-

mesh screen. 
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3.4. Suspension Preparation and Atomization 

The suspensions were prepared with 60% guavira pulp, 24% wall material, and approximately 

16% water to correct soluble solids (30° Brix). The wall material consisted of 6% dehydrated green 

bocaiuva pulp plus 18% of either maltodextrin, gum Arabic, or chitosan, following the Simplex 

Centroid experimental design with seven formulations (Table 1).  

Table 1. Simplex Centroid experimental design for optimizing the atomization parameters of guavira 

pulp. 

Trials Coded and real independent variables (%) 

 X1 (%) X2 (%) X3 (%) 

1 1.00 (18) 0.00 (0) 0.00 (0) 

2 0.00 (0) 1.00 (18) 0.00 (0) 

3 0.00 (0) 0.00 (0) 1.00 (18) 

4 0.50 (9) 0.50 (9) 0.00 (0) 

5 0.50 (9) 0.00 (0) 0.50 (9) 

6 0.00 (0) 0.50 (9) 0.50 (9) 

7 0.33 (6) 0.33 (6) 0.33 (6) 

X1: Maltodextrin; X2: Gum arabic; X3: Chitosan. 

The mixture was homogenized at 18,000 rpm in Ultra-Turrax until complete dissolution of the 

carrier agents (5 min). At the end of the preparation, the suspensions had 30% soluble solids 

determined by a bench refractometer (RMT, Tecnal, Brazil). The amount of bocaiuva pulp added was 

previously determined in preliminary tests where the increasing viscosity of the mixture limited the 

amount to be used in the study to 6%.  

Atomization was performed in a spray dryer (MSD 1.0, LabMaq, Brazil), with 180 °C inlet 

temperature, 0.5 L/h feed rate, 35 L/min drying air flow rate, and 120 °C outlet temperature as 

described by [23]. The obtained powder of pulp guavira was collected in a glass bottle and then 

packed in low-density polyethylene containers, sealed, and protected from light until further 

analysis. The suspensions were atomized using spray nozzles with the following diameters 1.0 mm 

(B1), 1.2 mm (B2), and 1.5 mm (B3). 

3.5. Powder Physicochemical Analysis  

3.5.1. Yield 

The yield of the pulp guavira powder was calculated by equation (1) [24]: 

����� (%) =  
�

��
 � 100 (1)

where P is the obtained powder amount (g) and TS is, the total solid contents (g) used to prepare the 

suspension. 

3.5.2. Solubility 

The solubility of the microencapsulated guavira pulp was determined following the method 

described by [25] with a few modifications. An aliquot of powdered guavira pulp (1g) was mixed in 

100 mL distilled water and homogenized in Ultra-Turrax at 18,000 rpm until complete dissolution. 

The obtained solution was centrifuged at 3,000 rpm for 5 min. A 25 mL aliquot of the supernatant 

was transferred to previously tared Petri dishes and dried in a forced air circulation oven at 105 °C 

for 24 h. The mass difference was used to calculate solubility (%). 

3.5.3. Hygroscopicity 
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Hygroscopicity was assessed based on the method described by [26] with modifications. 

Approximately 1g of microencapsulated guavira pulp was placed in a hermetically sealed container 

at 25 °C containing a saturated NaCl solution to establish a microenvironment with 75.3% relative 

humidity inside the container. After seven days, the samples were removed and weighed. The 

hygroscopicity was calculated by dividing the absorbed moisture (g) by the sample’s initial mass (g). 

Hygroscopicity was expressed in g of moisture absorbed per 100 g of powder. 

3.5.4. Vitamin C 

Ascorbic acid content was quantified by Tillman’s method [27], based on the reduction of the 

2,6-dichlorophenol-indophenol (DCFI) sodium salt dye using the oxalic acid solution as a solvent in 

place of metaphosphoric acid. Results were expressed as mg vitamin C per 100 grams of the 

microencapsulated guavira pulp. 

3.5.5. Scanning Electron Microscopy (SEM) 

The microencapsulated guavira pulp with the highest vitamin C content was submitted to 

scanning electron microscopy (model TM-3000, HITACHI) in the Animal Science and Food 

Engineering School (FZEA) of the University of São Paulo. For the imaging, the samples were placed 

on a double-sided carbon tape and fixed on aluminum stubs at the following equipment settings, 3-

5 mA current, 1 Volt, and 8-9.10–2 mbar. The mean particle diameter was determined from the 

individual measurement of 100 microparticles in the SEM micrographs using the image analysis 

software ImageJ (NIH, Bethesda, MD). The samples of microencapsulated guavira pulp were 

examined at magnifications of 200, 500, and 1500X. 

3.6. Experimental Design and Statistical Analysis 

The Simplex Centroid experimental design with seven mixtures (Table 1) was applied to each 

spray nozzle diameter (1.0, 1.2, and 1.5 mm), where the carrier agents, maltodextrin (X1), gum arabic 

(X2), and chitosan (X3) were the independent variables and powder yield (%), solubility (%), 

hygroscopicity (g/100g) and vitamin C content (mg/100g) were the dependent variables. Figure 1S 

shows that points 1, 2, and 3 (triangle vertices) correspond to the pure components, points 4, 5, and 

6 refer to the binary mixtures of two wall materials while point 7 (center of the triangle) refers to the 

ternary mixture of the three wall materials. 

Equations were obtained as coded variables, used to direct individual responses as a function of 

independent factors. Experimental data were submitted to analysis of variance (ANOVA) at 95% 

significance while model efficiency was analyzed by regression coefficient (R2) using the Statistica 

software, version 7.0 (StatSoft, Tulsa, EUA).  

3. Results and Discussion 

3.1. Process yield  

Yield is an important factor in atomization because it is related to process cost-effectiveness. The 

main causes of low yield are particle adhesion to the wall of the drying chamber and the low 

efficiency of the cyclone used to collect fine particles [28]. In the case of cyclone absence, the product 

remains longer in the dryer thus affecting product quality caused by prolonged exposure to heat [16]. 

The yields of the microencapsulated guavira pulp for the studied nozzle diameters are shown 

in Table 2. The yield was significantly higher (p <0.05) in tests 1 (M), 4 (M + G), 5 (M + Q), 6 (G + Q), 

and 7 (M + G + Q) for the 1.5 mm spray nozzle. Also, higher yields were observed in tests 2 (G) and 3 

(Q) for the 1.0 and 1.2 mm nozzles, respectively. Possibly, the larger diameter of the spray nozzle 

promotes the formation of larger suspension droplets during the atomization process so that, during 

drying, larger powder particles are formed, reducing the adhesion inside the drying chamber and, 

thus, increasing the yield. 
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Table 2. Yield of powdered guavira pulp obtained by atomization with different nozzle diameters 

1.0, 1.2 and 1.5 mm. 

Yield (%) ± SD 

Tests nozzle 1 nozzle 2 nozzle 3 

1 (M) 12.58 ± 0.45b   8.34 ± 0.12c 22.22 ± 0.88a 

2 (G) 26.42 ± 0.38a     14.78 ± 0.86c 17.44 ± 0.65b 

3 (Q)  5.17 ± 0.62c   8.57 ± 0.17a  6.17 ± 0.20b 

4 (M+G) 10.14 ± 0.29c     13.00 ± 0.25b 33.56 ± 0.78a 

5 (M+Q)  5.58 ± 0.27b   5.17 ± 0.30b   6.54 ± 0.15a 

6 (G+Q) 27.83 ± 0.31b     16.89 ± 0.51c  35.56 ± 0.46a 

7 (M+G+Q) 24.17 ± 0.20b     25.78 ± 0.22a  26.33 ± 0.39a 

nozzle 1: 1.0 mm; nozzle 2: 1.2 mm; nozzle 3: 1.5 mm. M = Maltodextrin, G = Gum arabic, and Q = Chitosan. 

Different letters on the same row mean a significant difference (p <0.05) between the samples. 

Regarding the influence of carrier agents on yield, the contour diagrams of Figure 2 A (1.0 mm), 

B (1.2 mm), and C (1.5 mm) show that yield increased linearly with added gum arabic (X2), followed 

by maltodextrin (X1) and chitosan (X3). In the binary mixture, the yield increased for the gum arabic 

and chitosan mixture, followed by the maltodextrin and gum arabic mixture. Low yields were 

observed for the maltodextrin and chitosan mixture. The highest yields may be attributed to the gum 

Arabic properties, such as high solubility and the ability to form stable low-viscosity emulsions [29]. 

Additionally, the chitosan-containing suspensions had high viscosity, possibly caused by the 

interaction between chitosan and bocaiuva green pulp, probably affecting yield. 

 

Figure 2. Response surfaces for Yield (%) obtained for the studied nozzle diameters:1.0 mm (a), 1.2 

mm (b), and 1.5 mm (c). 

Retention of the product to the chamber wall during drying is undesirable since it requires 

frequent cleaning stops. Also, as the deposits get burned on the wall, when unglued and mixed again, 

they contaminate the final product deteriorating product quality, in addition, these deposits influence 

drying volume and heat transfer processes between chamber walls and moving fluids [30]. 
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3.2. Solubility 

The solubility of microencapsulated guavira pulp ranged from 78% to 89% with changing spray 

nozzle diameter as shown in Table 3. The highest solubility (88.78%) of the microencapsulated 

guavira pulp was obtained using the 1.5 mm nozzle diameter in test 3 (Q), in the presence of chitosan 

and dehydrated green bocaiuva pulp as carrier agents. 

Table 3. Solubility of powdered guavira pulp obtained by atomization with different nozzle 

diameters 1.0, 1.2, and 1.5 mm. 

Solubility (%) ± SD 

Tests nozzle 1 nozzle 2 nozzle 3 

1 (M) 86.50 ± 0.62a 78.82 ± 0.21b 78.85 ± 0.29b 

2 (G) 80.37 ± 0.39a 79.55 ± 0.20a 79.61 ± 0.39a 

3 (Q) 79.95 ± 0.72c 86.17 ± 0.22b 88.78 ± 0.20a 

4 (M+G) 79.71 ± 0.28a 79.44 ± 0.39a 79.15 ± 0.69a 

5 (M+Q) 84.79 ± 0.29a 81.72 ± 0.30b 84.77 ± 0.34a 

6 (G+Q) 83.04 ± 0.20a 82.81 ± 0.43a 82.23 ± 0.29a 

7 (M+G+Q) 81.81 ± 0.22a 81.75 ± 0.32a 81.85 ± 0.42a 

nozzle 1: 1.0 mm; nozzle 2: 1.2 mm; nozzle 3: 1.5 mm. M = Maltodextrin, G = Gum arabic, and Q = Chitosan. 

Different letters on the same row mean a significant difference (p <0.05) between the samples. 

The contour plots of the microencapsulated guavira pulp solubility for the different spray nozzle 

diameters are shown in Figure 3D (1.0 mm), E (1.2 mm), and F (1.5 mm). Additionally, solubility 

varied significantly with spray nozzle diameter and carrier agents. In the atomization step, the 

highest powder solubility was obtained for maltodextrin (X1) using the 1.0 mm spray nozzle, 

whereas, solubility increased in the presence of chitosan (X3), for the larger diameters (1.2 and 1.5 

mm). Similarly, Sablania and Don Bosco [19] reported higher solubility using maltodextrin as a 

carrier agent and a 0.5 mm spray nozzle diameter. 

In the contour curves, the vertices correspond to pure components, the sides to the binary 

mixtures, and the inner points represent the ternary mixtures. Solubility was higher for pure 

components since the triangle vertices tend to the maximum values for maltodextrin using the B1 

nozzle and chitosan using the B2 and B3 nozzles. In the binary mixture, the highest solubility was 

obtained for the maltodextrin and chitosan mixture. Furthermore, solubility was not affected by the 

ternary mixture for any of the spray nozzle diameters studied 
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Figure 3. Response surfaces for the Solubility (%) obtained for the studied nozzle diameters: 1.0 mm 

(d), 1.2 mm (e), and 1.5 mm (f). 

3.3. Hygroscopicity  

Hygroscopicity is the capacity of absorbing moisture from the environment, being, therefore, an 

important parameter in food processing because it influences food stability. The hygroscopicity of 

the microencapsulated guavira pulp for the 1.0, 1.2, and 1.5 mm diameter spray nozzles is presented 

in Table 4, and the respective response surfaces in Figure 4G (1.0 mm), H (1.2 mm), and I (1.5 mm). 

The absorbed humidity ranged from 8.24 to 24.10 g/100g. 

Table 4. Hygroscopicity of powdered guavira pulp obtained by atomization with different nozzle 

diameters 1.0, 1.2, and 1.5 mm. 

Hygroscopicity (g/100g) ± SD 

Tests nozzle 1 nozzle 2 nozzle 3 

1 (M) 14.77 ± 0.11a 8.24 ±0.24b 16.30 ± 0.40a 

2 (G) 16.37 ± 0.47b 16.53 ± 0.08b 19.06 ± 0.27a 

3 (Q) 21.93 ± 0.70a 12.95 ± 0.41c 17.05 ± 0.46b 

4 (M+G) 16.23 ± 0.30b 15.10 ± 0.17b 18.06 ± 0.31a 

5 (M+Q) 12.73  ± 0.25ab 14.15 ± 0.34a 11.89 ± 0.32b 

6 (G+Q) 16.35 ± 0.28b 15.50 ± 0.22b 24.10 ± 0.79a 

7 (M+G+Q) 15.10 ± 0.10a 16.21 ± 0.23a 13.25 ± 0.40b 

nozzle 1: 1.0 mm; nozzle 2: 1.2 mm; nozzle 3: 1.5 mm. M = Maltodextrin, G = Gum arabic, and Q = Chitosan. 

Different letters on the same row mean a significant difference (p <0.05) between the samples. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 April 2024                   doi:10.20944/preprints202404.0706.v1



 8 

 

 

Figure 4. Response surfaces for the Hygroscopicity (g/100g) obtained for the studied nozzle 

diameters: 1.0 mm (g), 1.2 mm (h), and 1.5 mm (i). 

For the pure components, hygroscopicity was lower in test 1 with maltodextrin and dehydrated 

green bocaiuva pulp, regardless of nozzle diameter. Likewise, Zotarelli et al. [17] also reported that 

adding maltodextrin reduced the hygroscopicity of mango powders obtained by spray drying. Alves 

et al. [31] stated that powders with maltodextrin absorbed less moisture than those with gum arabic, 

attributing this result to the number of branches containing hydrophilic groups. Thus, dehydrated 

products with this wall material are typically less hygroscopic. Among binary mixtures, 

hygroscopicity was low in test 5 with maltodextrin and chitosan. 

3.4. Vitamin C 

The ascorbic acid content of microencapsulated guavira pulp for the 1.0, 1.2, and 1.5 mm spray 

nozzle diameters is shown in Table 5. The highest vitamin C contents ranged between 630.71 and 

737.97 mg/100g sample for suspensions with pure maltodextrin and gum arabic (tests 1 and 2) and 

mixtures of gum arabic and chitosan (test 6) and maltodextrin, gum arabic and chitosan (test 7) using 

the 1.0 mm diameter spray nozzle. 

Table 5. The vitamin C content of powdered guavira pulp obtained by atomization with different 

nozzle diameters of 1.0, 1.2, and 1.5 mm. 

Vitamin C (mg/100g dried pulp) ± SD  

Tests nozzle 1 nozzle 2 nozzle 3 

1 (M) 631.67 ± 5.13a 510.33 ± 3.07c 577.05 ± 5.61b 

2 (G) 737.97 ± 2.86a 646.29 ± 4.36c 664.51 ± 6.63b 

3 (Q) 302.76 ± 6.22c 538.46 ± 4.92a 494.35 ± 3.62b 

4 (M+G) 528.25 ± 6.37b 488.82 ± 4.17c 550.33 ± 3.11a 

5 (M+Q) 544.47 ± 2.90b 554.22 ± 6.87ab 563.21 ± 5.43a 

6 (G+Q) 704.98 ± 2.77a 532.49 ± 4.64c 595.32 ± 4.62b 

7 (M+G+Q) 630.71 ± 6.87a 587.39 ± 7.25b 519.80 ± 7.80c 
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nozzle 1: 1.0 mm; nozzle 2: 1.2 mm; nozzle 3: 1.5 mm. M = Maltodextrin, G = Gum arabic, and Q = Chitosan. 

Different letters on the same row mean a significant difference (p <0.05) between the samples. 

Oliveira, Argandoña, and Oshiro [23] reported 48% vitamin C retention in microencapsulated 

guavira pulp with the mixture of maltodextrin, gum Arabic, and chitosan encapsulating agents using 

the 1.2 mm spray nozzle, whereas in this study, under the same conditions, retention was 75%, as 

suspensions averaged 780 mg vitamin C/100g sample. However, the highest ascorbic acid retention 

(94%) was obtained using the 1.0 mm spray nozzle with bocaiuva pulp and gum arabic as 

encapsulating agents in test 2 (780 mg vitamin C/100g sample). 

The addition of gum arabic as a carrier agent (test 2) favored vitamin C retention regardless of 

nozzle diameter, as shown in the contour diagrams of Figure 5J (1.0 mm), K (1.2 mm), and L (1.5 mm). 

Suhag and Nanda [32] investigated the atomization of honey with the addition of ascorbic acid and 

Santana et al. [33] the atomization of pequi, both studies reported that gum arabic also promoted high 

retention of ascorbic acid. 

Chitosan had a negative linear effect on vitamin C retention, probably related to the high 

viscosity observed. The increasing viscosity increases particle formation time, especially for the 

smaller nozzle diameters (1.0 mm), leaving the component susceptible to degradation. A similar 

effect on vitamin C retention has also been reported for guavira pulp by Oliveira, Argandoña, and 

Oshiro [23] and for curry phenolic compounds by Sablania et al. [19] while the decreasing antioxidant 

activity of purple carrot was observed by Murali et al. [34]. 

 

Figure 5. Response surfaces for the Vitamin C (mg/100g) obtained for the studied nozzle diameters: 

1.0 mm (j), 1.2 mm (k), and 1.5 mm (l). 

3.5. Microstructures 

The microstructure of encapsulated products is an important parameter to be evaluated since it 

is related to the protection capacity offered by the different polymers while being affected by the 

integrity and porosity of the microparticles. Test 2 provided the microencapsulated guavira pulp with 

the highest vitamin C content and was, therefore, submitted to SEM to obtain the photomicrographs 

of the microstructures seen in figures 6a,b, and c for the 1.0, 1.2, and, 1.5 mm spray nozzles, 

respectively. 
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Particle average diameters were 93.94, 92.63, and, 118.99 μm for the 1.0, 1.2, and 1.5 mm nozzle 

diameters, respectively. In addition to nozzle diameter, particle size is probably related to the 

interaction between inlet temperature, feed rate, encapsulating agent, and feed composition [35]. 

According to Oyewumi et al. [36], powder particles are classified as macroparticles (> 100 μm), 

microparticles (1 to 1000 μm), and, nanoparticles (< 1μm). Based on this information, powdered 

guavira pulp yielded microparticles for the 1.0 and 1.2 mm spray nozzles. Regardless of the nozzle 

used, the microparticles were mostly wilted and irregular due to shrinkage during drying. The 

microparticles with irregular, wilted, or hollow structures are formed when the increased internal 

pressure of the drop causes the internal vapor flow to be trapped by the capsule, forming vapor 

bubbles within the particle [37]. 

Microparticles serve as multiunit drug delivery systems with well-defined physiological and 

pharmacokinetic benefits to improve effectiveness, tolerability, and patient compliance [38]. In this 

sense, the microparticles obtained in this study, we suggest that the microcapsules rich in vitamin C, 

originated from the guavira pulp, can be a potential product to be inserted in formulations, dietary 

supplements to be used with therapeutic and/or chemopreventive purposes for health. 

 

Figure 6. SEM micrographs of powdered guavira pulp containing 18% gum arabic, and 6% 

dehydrated green bocaiuva pulp obtained by spray-drying using the 1.0 mm (a), 1.2 mm (b), and 

1.5 mm (c) diameter spray nozzle, at 200, 500 and 1500X resolution. 

3.6. Model Optimization and Verification 

Optimization of the guavira atomization process from the response surface methodology (RSM) 

showed that the wall materials significantly affected (p <0.05) yield, solubility, hygroscopicity, and 
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vitamin C content. Table 6 shows the models able to predict the influence of encapsulating materials 

on the studied variables. The determination coefficients (R2) higher than 95% were considered 

efficient to explain the effect of adding the studied carrier agents on the response variables of the 

atomization process using different diameter spray nozzles. 

Table 6. Regression coefficients and models adjusted for the yield, solubility, hygroscopicity, and 

vitamin C response of guavira pulp obtained by atomization for the 1.0, 1.2, and 1.5 mm spray nozzle 

diameters. 

Nozzle Coefficient  

Response function 

Yield  

(%) 

Solubility 

(%) 

Hygroscopicity 

(g/100g) 

Vitamin C 

(mg/100g) 

 Linear     

 X1 (M) 12.58 86.50 14.77 631.67 

 X2 (G) 26.42 80.37 16.37 737.97 

 X3 (Q) 5.17 79.95 21.93 302.76 

 Quadratic      

1.0 mm X1-2 (M+G) (-37.43 (-14.92 2.66 (-626.28 

 X1-3 (M+Q) -13.17 6.25 (-22.45 309.03 

 X2-3 (G+Q) 48.17 11.49 (-11.20 738.44 

 Cubic     

 X1-2-3 (M+G+Q) 260.47 -23.34 23.36 824.23 

 R2 (%) 96.96 99.20 95.86 96.98 

 Linear     

 X1 (M) 8.34 78.82 8.24 510.33 

 X2 (G) 14.78 79.55 16.53 646.29 

 X3 (Q) 8.57 86.17 12.95 538.46 

 Quadratic      

1.2 mm X1-2 (M+G) 5.76 1.03 10.87 (-357.93 

 X1-3 (M+Q) -13.15 (-3.11 14.21 119.33 

 X2-3 (G+Q) 20.87 -0.20 3.03 (-239.52 

 Cubic     

 X1-2-3 (M+G+Q) 358.10 5.63 -77.10 1924.193 

 R2 (%) 96.94 99.48 41.73 98.34 

 Linear     

 X1 (M) 22.22 78.85 16.30 577.05 

 X2 (G) 17.44 79.61 19.06 664.51 

 X3 (Q) 6.17 88.78 17.05 494.35 

 Quadratic      

1.5 mm X1-2 (M+G) 54.90 (-0.30 (1.52 (-281.78 

 X1-3 (M+Q) (-30.61 3.83 (-19.14 110.03 

 X2-3 (G+Q) 95.00 (-7.85 24.18 (63.56 

 Cubic     

 X1-2-3 (M+G+Q) -65.00 -10.12 -137.75 -1407.45 

 R2 (%) 95.95 98.80 96.96 98.63 

X1: Maltodextrin, X2: Gum arabic, X3: Chitosan. The lack of adjustment was not significant (p> 0.05) for the 

studied variables. 

Atomization parameters of guavira pulp with added dehydrated green bocaiuva pulp were 

optimized to maximize yield, solubility, and vitamin C content and minimize the hygroscopicity of 

guavira pulp powder. The multiple response optimization indicated that the ideal guavira 

microcapsules resulted from the addition of 10.8% gum arabic and, 7.2% chitosan using the 1.0 mm 

diameter spray nozzle to form the resulting suspension containing 60% guavira pulp and, 6% 
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dehydrated bocaiuva pulp. Under these conditions, the predicted values were 29.48% for powder 

yield, 82.96% for solubility, 15.90g/100g for hygroscopicity, and, 741.11mg/100g for vitamin C 

content. 

To understand better how adding gum arabic and chitosan affects the process-dependent 

variables, the coded models that had the highest regression coefficient and represented the yield, 

solubility, hygroscopicity, and, vitamin C of the microencapsulated guavira pulp resulting from the 

guavira pulp drying process are shown in equations 1, 2, 3 and 4 below: 

����� (%) = 26.42� +  5.17� +  48.17��  (1)

���������� (%)  =  79.55� +  86.17� −  0.20�� (2)

�������������� (�/100�) = 19.06� +  17.05� +  24.18�� (3)

������� � (�/100�)  = 664.51� + 494.35� +  63.56�� (4)

where G is Gum arabic and Q, Chitosan. 

5. Conclusions 

The results of the study indicate that dehydrated bocaiuva pulp associated with maltodextrin, 

gum arabic, and chitosan as wall materials provided powders with high vitamin C levels. The 

addition of gum arabic favored the powder yield and vitamin C retention, whereas maltodextrin 

increased powder solubility and decreased hygroscopicity. The response surface methodology 

defined the best conditions for guavira pulp atomization. The addition of gum arabic (10.8%) and 

chitosan (7.2%) provided the optimal results for the following parameters, 29.48% powder yield, 

82.96% solubility, 15.90% hygroscopicity, and 741.11mg/100g vitamin C. In addition, the 1.0 mm 

diameter nozzle was considered the most suitable for obtaining guavira pulp microparticles with the 

highest ascorbic acid content. 
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