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Abstract: Essential oils have flavoring and biological properties such as insect repellency, pesticide 

properties, antifungal, and bactericidal action. A limiting factor in the application of essential oils in 

industrialized products is the volatility and thermosensitivity of their components. Microencapsulation 

is an alternative for using these compounds on a large scale, a technique widely used to protect bioactive 

compounds against environmental damage. Thus, the objective of the study was to encapsulate the 

essential oil of Citronella (Cymbopogon winterianus) in different wall materials through the spray 

drying technique. Three formulations of wall materials were evaluated using: Gum arabic (GA) and 

maltodextrin (MD), gum arabic (GA) and whey protein concentrate (WPC) powder with 60% protein 

and maltodextrin (MD), and concentrate whey protein (WPC) powder with 60% protein. The amount 

of oil in the emulsion was set at 10% (w/v) and the wall materials at 40% (w/v) in a 1:1 ratio. The 

emulsions were subjected to spray drying using inlet and outlet air temperatures of 120°C and 65-70°C, 

respectively. The highest microencapsulation efficiency was observed for microcapsules formed by 

gum arabic (GA) and maltodextrin (MD), which also showed good thermal properties, low humidity, 

and water activity, important parameters to maintain product stability.  
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1. Introduction 

Essential oils are known for complex, volatile compounds obtained from different parts 

of plants [1]. Citronella essential oil is a widely used source of important chemical compounds 

such as citronellal, geraniol, and citronellol. The application of this oil covers several industrial 

segments due to the properties that its compounds present, such as flavoring activity, insect 

repellent, ecological pesticide properties, fungicidal and bactericidal action [2,3]. 

The main limitation in applying essential oils is their volatility and the presence of 

thermolabile compounds. An alternative is using microencapsulation techniques to obtain a 

stable powder with a longer shelf life, facilitating application in different segments [4,5]. 

Microencapsulation is a physical method that allows droplets or particles to be trapped in a 

film formed by the wall material, thus establishing a physical barrier between the active 

compounds and adverse environmental conditions [6]. 
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Different methods have been proposed for microencapsulation in the food, chemical, 

and pharmaceutical industries. Atomization drying (spray drying) is one of the most used 

techniques due to the wide availability of equipment and an economical and flexible process. 

This method converts liquids into powders, facilitating handling, use in formulations, storage, 

and transport [7,8]. Drying by spray drying involves the following steps: preparation of the 

solution, dispersion or emulsion; homogenization and spray drying with hot air to form powder 

[9]. 

The spray drying method is widely used for microencapsulation of essential oils 

because it is a relatively simple technique with good encapsulation efficiency results. This can 

be demonstrated from the results found in the encapsulation of orange essential oil with an 

efficiency of around 92.6 to 97.9% [4]; encapsulation of rosemary essential oil with efficiency 

of around 86.73 to 92.70% [10]; encapsulation of garlic essential oil with efficiency around 75 

to 84% [11]; encapsulation of thyme essential oil with an efficiency of 88.9% [12] and in the 

encapsulation of oregano essential oil with an efficiency of around 91.23 to 91.79% [13]. 

The choice of wall materials is an important step in the spray drying microencapsulation 

method. Different wall materials have been used to facilitate the process, increase yield and 

improve the conservation of the generated dust due to the formation of a film that protects the 

material of interest [14]. These materials must have low cost, lack of interaction with the 

material of interest (core), high atomization drying capacity, and allow the formation of 

aqueous solutions with adequate viscosity to be pumped and sprayed. The most used wall 

materials in the industry are polysaccharides, starches, celluloses, gums, and proteins [15,16]. 

Different wall materials are being widely used as an alternative to increase encapsulation 

efficiency and decrease costs [17]. 

The evaluation of wall materials has been widely studied in different encapsulation 

methods of Citronella essential oil. Some studies used gum arabic, gelatin and gum arabic, and 

poly (e-caprolactone) in spray drying, complex coacervation, and electrospray techniques, 

respectively [18-20]. In this way, the study of encapsulation by the spray drying technique 

using combinations of wall materials becomes a viable alternative. It provides cost reduction 

and improvement of the properties of the particles obtained. 

From the above, the objective of the present work was to carry out the encapsulation of 

citronella essential oil (Cymbopogon winterianus) by the spray drying technique using different 

wall materials and to evaluate the properties of the encapsulated. 

2. Materials and Methods 

2.1. Materials. 

The following materials were used: Gum arabic (GA), acquired from the company 

Dinâmica Química Contemporânea Ltda., maltodextrin (MD) dextrose equivalent (DE) of 10, 

donated by the company Ingredion Brasil Ing. Ind. Ltda. and whey protein concentrate (WPC) 

powder with 60% protein, donated by the company Sooro Concentrado Indústria de Produtos 

Lácteos Ltda. The essential oil was extracted from the leaves of Citronella (Cymbopogon 

winterianus) by steam distillation and commercialized by the company Ferquima Ind. e Com. 

Ltda. In preparing the emulsion, Ethyl Alcohol P.A (99%) acquired from the company Êxodo 

Cientifica was used. 
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2.2. Emulsion preparation. 

The preparation of the emulsions was carried out using the methodology mentioned by 

Barbosa [21] with some modifications. To determine the maximum amount of oil in the 

emulsion, three formulations were prepared using 5, 10, and 15% oil (w/v) concerning the final 

volume of 200 mL, which were previously diluted in ethanol. First, 40% (w/v) of gum arabic 

and maltodextrin were solubilized in a 1:1 ratio in distilled water at 60°C, kept under stirring 

at 70°C until the wall materials were completely solubilized. Afterward, it was cooled to 30°C, 

and the oil diluted in ethanol (5, 10, and 15%) was added to the solution containing the wall 

materials. In order for the emulsion to form, the solution was homogenized in an IKA RW 20 

digital shaker (Multitec) at 1200 rpm for 30 minutes. After preparation, the emulsions were 

kept at rest for approximately 6 hours to perform the visual evaluation and verify the stability, 

using the non-separation of emulsion phases as a criterion. 

After determining the maximum amount of oil in the emulsion, set at 10% (w/v) and 

the wall materials at 40% (w/v) in a 1:1 ratio, three formulations were prepared as described 

above, with the following wall materials: Gum Arabic (GA) and Maltodextrin (MD), Gum 

Arabic (GA) and Whey Protein Concentrate Powder (WPC) with 60% Protein and 

Maltodextrin (MD) and Whey Protein Concentrate (WPC) in powder with 60% protein. 

2.3. Microencapsulation in spray drying.  

The emulsions were subjected to spray drying in a Lab Plant SD-05 spray-dryer with a 

0.5 mm diameter nozzle. Feeding was performed through a peristaltic pump. During the drying 

process, the emulsion was stirred in an ultrasound bath with a frequency of 40 Hz and a 

maximum power of 90 W at room temperature. The inlet and outlet air temperatures were 

120°C and 65-70°C, respectively, and the long air pressure was 0.7 bar. The samples obtained 

were stored in an amber bottle under refrigeration at a temperature of around 8°C. 

2.4. Characterization of wall materials and microparticles. 

Moisture content, water activity (aw), and X-ray diffraction of wall materials and 

microparticles were evaluated. Furthermore, for the microparticles, the microencapsulation 

efficiency, average diameter, conductivity, thermal resistivity and diffusivity, and presence of 

free oil on the surface were determined. 

The water activity was determined using the Novasina AG equipment (CH-8853, 

Lachen Switzerland) after previous stabilization of the samples at room temperature. Moisture 

determination was performed on an ID 200 infrared balance (MARCONI), where 3 g of sample 

was kept at 105°C until reaching constant weight. The water content is given in %, resulting 

from the sample mass difference between its t0 (initial time) and tf (final time). 

X-ray diffraction was performed in a Rigaku, Miniflex II X-ray diffractometer with a 

Cu-1.54 emitter tube to observe crystallinity peaks. The conductivity, resistivity, and thermal 

diffusivity were determined at room temperature using a probe model KD2 Pro (DECAGON 

DEVICES, 2365 NE, United States) with a diameter of 1.28 mm and a length of 60 mm. 

The presence of free oil or surface oil was determined by the method described by Bae 

& Lee [22], with some modifications. In a beaker, 2 g of sample and 15 mL of hexane were 

stirred in a vortex mixer for 2 min at room temperature. Then the sample was filtered through 

qualitative filter paper n°1 and washed three times with 20 mL of hexane. The hexane used in 
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the washes was analyzed in a Gas Chromatograph (GC-FID 2010 plus, Shimadzu) to verify the 

presence of the essential oil in the solvent. 

Oil retention in microparticles was determined using the method described by Jafari, 

He, and Bhandari [23], with some modifications. 5g of the encapsulated was added to 150 ml 

of distilled water at 50°C and homogenized. The distillation of the solution was carried out in 

a Clevenger-type apparatus for one hour. The residual oil in the microparticles was calculated 

by the difference between the initial oil mass in 5 g of the encapsulated and the amount of oil 

retained in the Clevenger. 

The microencapsulation efficiency (ME) was calculated by Eq. (1).  

𝑀𝐸 (%) =
Oil𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑

Oi𝑙𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 × 100                                        Eq. (1) 

Where: Oil retained - mass of oil present in the microparticles after distillation; Oil initial - 

initial mass of oil present in the 5g sample. 

Images were obtained using a Standard 20 – Zeiss optical microscope and analyzed in 

the Image-Pro Plus 6.0 software using a 25% zoom to determine the average diameter of the 

microparticles. 

The data obtained were statistically evaluated by analysis of variance (ANOVA), 

applying the Tukey test, with the aid of the Statistica software version 5.0, with a 95% 

confidence level. 

3. Results and Discussion 

In evaluating the maximum amount of oil, the emulsions with 5 and 10 % showed 

stability, while the one with 15 % showed phase separation indicating instability. Therefore, 

the percentage of oil was set at 10 % (w/v) to elaborate emulsions with different wall materials. 

According to Mirhossein et al. [24], the population density of droplets present in the continuous 

phase affects the stability of emulsions; thus, as the oil content in the emulsion increases, the 

probability of collision and coalescence between them increases. Therefore, there may be an 

increase in the size of the droplets, causing a decrease in the stability of the emulsion. In the 

process of microencapsulation of essential oil by spraying, one of the prerequisites is to prepare 

a stable emulsion with adequate chemical and physical properties since the stability, properties, 

and composition of the emulsion determine the quality attributes of the microcapsules, such as 

the free oil on the surface, microencapsulation efficiency, structure, oxidative stability and 

physical properties (fluidity, density, and dispersibility) [22]. 

Table 1 presents the results of water activity (aw) and moisture content of the wall 

materials used in this study.  

According to the data presented in Table 1, the three wall materials used in this study 

showed a significant difference in moisture content and water activity.  

Table 1. Determination of water activity and moisture of wall materials used in the spray drying 

microencapsulation process. 

Wall material Water activity (aw) Moisture content (%) 

Maltodextrin 0.426c < 0.01 1.77c ± 0.61 

Gum arabic 0.605a < 0.01 10.07a ± 0.56 

Whey protein conc. (60%) 0.442b < 0.01 4.47b ± 0.23 

Mean value ± standard deviation. Different letters in the same column indicate a significant difference (p<0.05) 

by Tukey's test. Source: Authors. 
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The values obtained for water activity and humidity are relatively low, which 

guarantees the stability of the material, preventing chemical and enzymatic reactions and the 

development of microorganisms in the evaluated wall materials [25]. 

Figure 1 shows the diffractograms of the wall materials used: gum arabic, maltodextrin, 

and whey protein concentrate powder (60%). 

 
Figure 1. Diffractogram of wall materials used in microencapsulation by spray drying. Source: Authors. 

 

According to the X-ray diffraction analysis (Figure 1), the wall materials showed an 

amorphous structure without any crystalline region. Similar data were obtained by 

Ramakrishnan et al. [26] when evaluating two modified starches, maltodextrin and gum arabic, 

by X-ray diffraction analysis. The authors observed that all, except for one of the modified 

starches, exhibited similar diffraction patterns, with large halos and some diffraction peaks 

overlapping, revealing their amorphous domain. Considering the macroscopic structural data, 

it can be concluded that a more amorphous region is necessary for the material to act as a good 

wall material for hydro and fat-soluble compounds. 

The results regarding the characterization of the particles obtained with the different 

combinations of wall materials by spray drying are presented in Table 2. 

Table 2. Moisture content, water activity, conductivity, diffusivity, resistivity, microencapsulation efficiency, 

and particle size obtained with different wall materials by spray drying. 

Sample Moisture (%) 
Water Activity 

(aw) 

Conductivity 

(W/m°C) 

Diffusivity 

(mm2.s-1) 

Resistivity 

(m°C/W-1) 

ME 

(%) 

Average particle 

diameter (mm) 

GA+ MD 4.8b ± 0.51 0.340b < 0.01 0.28b ± 0.01 0.02a < 0.01 44.13b ± 1.10 100% 0.402 ± 0.12 

GA + WPC 6.2a ± 0.40 0.364a < 0.01 0.29ab ± 0.01 0.02a < 0.01 45.50ab ± 2.05 89% 0.549 ± 0.20 

MD + WPC 5.1ab ± 0.40 0.296c < 0.01 0.30a ± 0.01 0.02a < 0.01 48.40a ± 1.39 53% 0.377 ± 0.11 

Mean value ± standard deviation. Different letters in the same column indicate a significant difference (p<0.05) 

by Tukey's test. Caption: GA – gum arabic, MD – maltodextrin, WPC – whey protein concentrate, ME – 

microencapsulation efficiency. Source: Authors. 
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The samples showed a significant difference in terms of water activity (Table 1). In the 

moisture parameter, only the samples of GA + MD and GA + WPC showed a significant 

difference. Considering that the same drying temperature was used in the spray drying for all 

samples and the preparation of the emulsions used the same amount of water, the differences 

in moisture content and water activity refer to the different combinations of wall materials. 

Similar behavior in the parameters of water activity and humidity was also obtained by 

Campelo et al. [27] in the encapsulation of lime essential oil using whey protein concentrate 

and maltodextrin with different dextrose equivalent (DE) values as wall material. The moisture 

results were in the range of 3.83–5.35% and the water activity of 0.124 – 0.342, relating these 

differences to the different biopolymers used. 

All samples were found to have relatively low moisture content (4.8–6.2%) and water 

activity (0.296–0.364) (Table 1). Powders with less than 10% moisture content are considered 

stable [28]. These low values found can be attributed to the high temperatures of the spray 

drying process, thus ensuring long-term stability in terms of physical and chemical properties. 

The conductivity and thermal diffusivity parameters were also low, conferring 

characteristics of a thermal insulator due to the slow propagation of heat through the 

microparticles. This behavior was cited by Mendes et al. [29] since thermal diffusivity is a 

material property that indicates the ratio between the energy transfer capacity in the material 

and its storage capacity. Low thermal diffusivity values are characteristic of thermal insulators. 

The resistivity parameters were high, which is expected with low thermal conductivity and 

diffusivity (Table 1). The results obtained from the thermal properties of the microparticles 

indicate that they minimize the exchange of heat with the medium and protect the core material. 

The MD + WPC microparticles showed the lowest microencapsulation efficiency of 

53.22% (Table 1), which can be explained by the low viscosity of the emulsion that may have 

interfered with oil retention or protein denaturation.  

 
Figure 2. Diffractogram of microparticles obtained with different wall materials in microencapsulation by spray 

drying. Source: Authors. 

 

According to Jafari, He, and Bhandari [23], the low efficiency of microencapsulation 
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emulsification and drying processes by spray drying and, therefore, lower capacity to retain 

and encapsulate the materials. of interest. The combination of GA + WPC showed an efficiency 

of 88.70%. Still, it is important to emphasize that it was the sample that presented the highest 

amount of free oil on the surface (Figure 3c), which compromises the product's stability and 

useful life. Thus, the best result was obtained using GA + MD, with 100% encapsulation 

efficiency. 

According to Bommasamudram, Muthu, and Devappa [5], to be considered 

microparticles, they must have a diameter that varies from a few microns to 1 mm. The average 

diameter of the evaluated particles ranged from 0.377 to 0.549 mm, being within the expected 

size range for microparticles. 

Figure 2 shows the diffractograms of gum arabic (GA) + maltodextrin (MD), 

maltodextrin (MD) + whey protein concentrate (WPC) and gum arabic (GA) + whey protein 

concentrate (WPC) microparticles. 

From the results obtained from the X-ray diffraction analysis (Figure 2), it was observed 

that the microparticles presented an amorphous structure with no structural difference between 

them. Thus, we can say that during the spray drying process, the essential oil present in the 

microparticles does not contribute to the crystallization of the evaluated wall material since the 

microparticles containing 10% of essential oil had similar behavior to the pure wall materials. 

(Figure 1). In the encapsulation of lime essential oil, Campelo et al. [27] also observed 

broadband regions at 20° in all results. This characteristic of amorphous material structure is 

observed when the molecules are in a more disordered state, increasing the X-ray diffraction 

range. Amorphous solids exhibit higher solubility and hygroscopicity compared to crystalline 

materials. 

To evaluate the presence of residual essential oil on the surface of the microparticles, 

solid-liquid extraction of the material encapsulated with hexane was performed. Figure 3 shows 

the chromatograms of Citronella essential oil, the hexane solvent used in the extraction of 

microparticles, and pure hexane. 

 
Figure 3. Chromatograms of (a) Citronella essential oil, (b) GA + MD, (c) GA + WPC, (d) MD + WPC and (e) 

pure hexane. Source: Authors. 

The hexane sample used to extract residual essential oil present on the surface of the 

GA + WPC microcapsules (Figure 3c) showed the highest number of bands similar to the bands 

present in pure citronella essential oil (Figure 3a). A similar result was obtained in the study 

by Jafari, He, and Bhandari [23], where the encapsulated whey protein concentrate had a 

greater amount of oil on the surface of the particles and lower retention of volatiles (d-
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limonene) during encapsulation by spray drying. On the surface of microcapsules formed by 

GA + MD (Figure 3b), the presence of residual essential oil was minimal. 

According to Bae & Lee [22], the presence of free oil on the surface of microparticles 

negatively influences the physical properties of powders, such as fluidity, apparent density, and 

dispersibility. It can accelerate lipid oxidation, decreasing its stability and shelf life. 

4. Conclusions 

The results obtained found that among the combinations of wall materials evaluated in 

this study, gum arabic and maltodextrin were the most suitable for encapsulation of Citronella 

essential oil by spray drying. With this combination, microparticles with higher 

microencapsulation efficiency, good thermal properties, low humidity, and water activity were 

obtained, which are important parameters to maintain stability and shelf life, expanding the 

possibilities of application in several segments. The efficiency of the spray drying method for 

the encapsulation of Citronella essential oil was proven. Therefore, the evaluation of different 

temperatures of drying by spray drying and its influence on the properties of the particles 

obtained and the evaluation of the retention of volatile compounds and toxicity are relevant 

information that must be carried out to define applications of microparticles. 
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