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Abstract 
Different concentrations of the essential oil (EO) from Licaria puchury-major (Lauraceae) was 

encapsulated in polycaprolactone (PCL)/gelatin wall materials in the colloid systems form. PCL/gelatin-

based colloid systems were prepared using the coacervation method with encapsulation efficiency higher 

than 90%. The colloid form containing 500 g mL-1 of EO was freeze-dried to form membrane-based 

micro particles. Then, the EO controlled release from all samples was evaluated. The loaded and 

unloaded nanoparticles were spherical and dependent on the EO concentration, with average size 

estimated to be 60–310 nm. The zeta potential technique indicated a stable colloidal system. The FTIR 

spectra of the colloidal systems and membrane confirmed the successful encapsulation of EO within the 

wall materials. The membrane images revealed that the lyophilization process promoted an 

agglomeration of nanoparticles, resulting in particles in micrometric sizes. All colloidal systems released 

their EO up to 100 h. The EO release from membrane was faster than that observed for the colloidal 

systems. The Korsmeyer-Peppas model better adjusted the controlled release data of the colloidal 

systems confirming the anomalous or non-Fickian type diffusion mechanism. The same model also better 

adjusted the controlled release data of the membrane system with n>0.5. The EO from L. puchury-major 

could be encapsulated successfully within the developed PCL/gelatin particles. The developed colloidal 

systems or membrane-based gelatin particles containing this EO was shown to be feasible as a 

sustainable alternative as a natural bio-defensive due to their encapsulation efficiency, biodegradability 

and abundance of this plant in the Amazon region. 
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1. Introduction 
Natural controlling agents have long been considered as acceptable alternatives for pest 

management [1–6].The encapsulation of essential oils (EO) in controlled release formulations 

can improve their physicochemical properties and bioavailability/efficiency, while reducing 

the required concentrations and environmental damages [7–9]. The controlled release of EO 

encapsulated in biopolymeric nanoparticles is of special interest due to the prolonged duration 

of action, and the biological degradation of wall materials [10]. For this reason, PCL and gelatin 

nanoparticles have been employed successfully as a carrier for drugs and bioactive molecules 
[7, 11–13]. Licaria puchury-major (Mart.) Kosterm. (Lauraceae) (known in Brazil as puxuri, 

puchury or pixuri) is native from Amazon and has been often used in the Brazilian northern 

folk medicine for stomach and intestinal diseases, as well as to treat insomnia and 

irritability[10–12]. Previous work reported the bioactivity and the lethal dosages of this essential 

oil against Tetranychus urticae Koch., Cerataphis lataniae Boisd. and Aedes aegypti Linn. [4]. 

The sepests are currently causing severe damage to human health, as well as to open-field and 

protected crops [14–16]. Considering the previous reported effectiveness of this EO to control the 

tested pests, the aim of this paper was to develop biodegradable nano-particles in the forms of 

colloidal system and membranes, as well as evaluate the controlled release and of this EO. 

This EO was encapsulated in different concentrations to form colloidal systems. Then, the 

colloidal system containing the higher concentration of OE was freeze-dried to form a 

membrane-based PCL/gelatin microparticles. Studies reporting the encapsulation of the L. 

puchury-major EO to be used in controlled-release formulations have not been reported in the 

scientific literature. On the other hand, the freeze-dried colloidal system to form membranes  
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could represent an alternative and efficient tool to develop 

new controlled-release materials. Keeping in mind the search 

for possible sustainable control tools based on the prolonged 

effect of natural bioactive substances, the present paper may 

be useful to stimulate the development of a new effective 

controlling agents based on PCL/gelatin biodegradable 

particles. 

 

2. Materials and Methods 

2.1. Essential Oil Acquisition 
Seeds of L. Puchury-majorwere collected in Belém/PA–Brazil 

(Sis Gen n° A26CD5E). The botanical identification was 

carried out at the Federal University of Amazonas (UFAM). 

A portion of150 g of powdered seeds was subjected to hydro 

distillation using a Clevenger-type apparatus for 3 h at 100 

°C.  

 

2.2. Colloidal System and Membrane-based PCL/Gelatin 

microparticles 
Gelatin type B was heated to 50°C in distilled water under 

constant stirring. Then, tween 80 was solubilized at40°C 

(Solution I). The Solution II was prepared using 

polycaprolactone (PCL, 0.05 g), span 60 (0.02 g) and 

caprylic/capric triglyceride acid (TACC, 0.1 g) solubilized in 

dichloromethane (5 mL). The EO was added to the Solution 

II. After solubilization, the Solution II was added to Solution I 

using an ultra-disperser (10,000 rpm). Then, transglutaminase 

was added to the final solution, which was maintained at 

constant stirring (25 °C) until total solvent evaporation. 

Samples were labeled as follow: PUC100, PUC250 and PUC500 

(systems containing absolute concentrations of 100 g mL-1, 

250 g mL-1 and 500 g mL-1 of EO, respectively). Then, the 

sample PUC500was maintained for 48hat –18°C and freeze-

dried for 10 h at-40°C in a Terroni Enterprise freeze-drier to 

obtain the PCL/gelatin-based microparticles in the membrane 

form (labeled as PUCM500).  

 

2.3. FTIR Measurement 
A Bomem MB Series Hartmann & Braun spectrophotometer 

was used to evaluate the molecular stretching of the in natura 

EO, the unloaded nanoparticles, the nanoparticles loaded with 

EO and the membrane-based PCL/gelatin microparticles. 

The wave number was in the range of 4,000 to 500 cm–1 using 

32 scans. 

 

2.4. Atomic Force Microscopy (AFM) and Scanning 

Electron Microscopy (SEM) 

Topographies of the gelatin-based nanoparticles in the form of 

colloidal systems were obtained with an AFM (Innova, 

Bruker) on an area of (10×10) μm2, operated in contact mode 

using silicon nitride cantilevers. Samples were deposited in a 

glass plate until solvent evaporation. Measurements were 

performed at 296 ± 1 K and 40 ± 1% R.H. with 512 × 512 

pixels at a scan rate of 1.0 Hz. Particle size distribution was 

estimated using the Image J. program[17].SEM images of the 

membrane-based gelatin microparticles(PUCM500) were 

obtained using a Supra 35, Carl Zeiss, 1kV. Membrane was 

deposited on a carbon tape and recovered with a thin gold 

layer. The surface morphology was evaluated at room 

temperature. 

 

2.5. Zeta Potential 

The zeta potential values (in mV) of the gelatin-based 

nanoparticles in the form of colloidal systems were 

determined using a Zetasizer Nano ZS90 instrument (Malvern 

Instruments, UK). Samples (unloaded and loaded 

nanoparticles containing the absolute concentration of 500 

gmL-1of EO) were analyzed in triplicate, at 25°C. 

 

2.6. Encapsulation Efficiency 

The Encapsulation Efficiency (EE) of the EO within the 

gelatin-based nanoparticles in the form of colloidal systems 

was analyzed using UV-vis spectroscopy based on previous 

work [12] with some modifications. Nanoparticles were 

separated by centrifugation (20,000 rpm) and the supernatant 

absorbance was used to determine the amount of free EO. The 

EE was calculated using the formula: % EE = (Amount of 

encapsulated EO/absolute concentration of EO used in the 

formulation)×100. 

 

2.7. In vitro Essential Oil Release 

The EO release was evaluated in vitro for the colloidal 

systems and membrane-based gelatin microparticles. The EO 

release from the colloidal systems was carried out using a 

dialysis tubing cellulose membrane suspended in water at 

25°C. A portion of 2 mL was withdrawn at regular time 

intervals and their absorbance was measured using an UV-vis 

spectrophotometer. The amount of EO released was 

quantified using the standard curve according to a previous 

report [11]. The experiments were carried out in triplicate. The 

EO released from the membrane microparticles was carried 

out using a portion of 1.15 g of the sample PUCM500 placed in 

30 mL of distilled water. Then, 2 mL of solution was 

withdrawn at regular time intervals and the absorbance was 

measured using an UV-vis spectrophotometer. 

 

3. Results & Discussion 

3.1. FTIR and Encapsulation Efficiency 

Figure 1 shows the FTIR spectra of the in natura EO of L. 

puchury-major (black curve), colloidal system containing 

unloaded nanoparticles (blue curve), colloidal system 

containing nanoparticles loaded with EO (red curve) and 

membrane-based PCL/gelatin microparticles (gray curve).  

 

 
 

Fig 1: FTIR spectra of the in natura EO of L. Puchury-major (black 

curve), colloidal system containing unloaded nanoparticles (blue 

curve), colloidal system containing nanoparticles loaded with EO 

(red curve) and membrane-based gelatin particles (gray curve). 
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Safrole was identified as the major compound of this EO [4]. 

The main bands of safrole were assigned to the C=C 

stretching around 1,663 cm-1 and olefinic C–H bending 

vibrations of a vinyl double bound around 929 cm-1. The band 

at 1,040 cm-1 represents the C–O–C stretching. The 

antisymmetric and symmetric C–O stretching was observed, 

respectively, around 989 and 1,184 cm-1[18]. The blue curve 

shows the FTIR spectra of the colloidal unloaded 

nanoparticles. The observed bands are assigned to the 

nanoparticle’swall material [19]: the peak at approximately 

1,630 cm-1was assigned to the amino group I (C=O and C–N 

stretch), while amino group II (mainly N–H bond) was 

verified at 1,390 cm-1. The absorption of the amino group III 

at 1,140 cm-1 is attributed to the planar N–H bond. The red 

curve represents the spectrum of the colloidal nanoparticles 

loaded with EO and the gray curve shows the spectrum of the 

membrane-based PCL/gelatin microparticles loaded with EO. 

Both spectra presented similar characteristic absorption peaks 

when they were compared to the spectrum of the colloidal 

system containing unloaded nanoparticles. No prominent 

peaks related to the in nature EO were verified, confirming 

the successful EO encapsulation within the wall materials. 

However, the peak located at 3,460 cm-1 was more intense in 

the membrane spectrum. This fact may be explained due to 

exposure of the freeze-dried sample to the high humidity. For 

this reason, the reactions of water molecules were directly 

monitored by detecting the O–H stretching bands of weakly 

H-bonded O–H of water. 

The prepared colloidal systems presented high encapsulation 

efficiency of EO, and the values were found as follow: 

PUC100 (92.2 ± 0.5) %, PUC250 (92.9 ± 0.5)%and PUC500 

(94.7 ± 0.5)%. When the absolute concentration of EO 

increased from 100µg mL-1 to 500µgmL-1 (maintaining the 

gelatin concentration), the EE values increased about 2.6%. 

Thus, the various EO concentration have no significant impact 

on the EE. 

The encapsulation of the rosemary EO in polycaprolactone 

(PCL)-based nano capsules synthesized by the nano 

precipitation method was previously reported [20]. The authors 

also observed encapsulation efficiency higher than 

90%.Another study reported the encapsulation of the EO from 

Piper aduncum and Piper hispidinervumin PCL/gelatin 

nanoparticles [21]. The developed loaded nanoparticles also 

presented high encapsulation efficiency: the EE was observed 

higher than 80% when 1,000 μgmL−1 of EO was 

encapsulated. 

 

3.2. Zeta Potential 

The zeta potential is one of the most important factors of 

nanoparticles stability: the higher its value, the greater the 

nanoparticles repulsion, which avoids aggregation / 

agglomeration [22]. The zeta potential of the unloaded 

nanoparticles was found to be (–16 ± 3) mV. For loaded 

nanoparticles, the zeta potentials were found around (–37 ± 3) 

mV, (–39 ± 3) mV, and (–39 ± 3) mV for PUC100, PUC250 and 

PUC500 samples, respectively. The charges may be related to 

the compounds used to produce the nanoparticles and to 

rearrangements among the EO constituents. The zeta potential 

values were greater (in module) after the EO encapsulation, 

indicating that the presence of their constituents probably 

results in better stabilization of the nanoparticles charges due 

to intermolecular interactions. Furthermore, the zeta potential 

values for all solutions indicated good stability since all are 

larger, in modulus, than –30mV. In this case, the repulsive 

forces tend to form possible aggregations of the system due to 

the collisions with other nanoparticles, never reaching the 

isoelectric point. 

 

3.3. AFM and SEM Analyses 

Nanoparticles size constituting the colloidal systems was 

estimated using the AFM technique and revealed that the 

loaded nanoparticles are spherical and well dispersed, as 

shown in Figure 2. The average size of the loaded 

nanoparticles is dependent on the EO concentration. The 

average size was observed around 62 (± 2) nm, 160 (± 4) nm 

and 303 (± 4) nm for the samples PUC100, PUC250 and PUC500, 

respectively. An increase of 80% was observed in the average 

nanoparticle size comparing the lowest (100 g mL-1) and the 

larger (500 g mL-1) absolute concentration of EO. The span 

values were found below 0.46 for all samples, as shown in 

Figure 3. 

 

 
 

Fig 2: Nanoparticles from colloidal system visualizedby AFM 

technique. 

 

 
 

Fig 3: Nanoparticles size and span values of the colloidal systems. 

 

Figure 4: shows the SEM images of the PCL/gelatin-based 

microparticles in the membrane form. The membranes 

containing the unloaded and loaded nanoparticles are shown 

in Figure 4a and 4b, respectively. 
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Fig 4: SEM images of the PCL/gelatin-based particles in the membrane form (a) containing the unloaded and (b) loaded nanoparticles. 

 

The images revealed that the membranes are composed of 

fibers of different thicknesses. The wide distribution of the 

nanoparticles in the membrane form made it difficult to obtain 

their size distribution. However, the freeze-drying process 

promoted an agglomeration of nanoparticles, resulting in 

particles of micrometric sizes. 

 

3.4. Controlled Release of Essential Oil 

Figure 5 shows the controlled release behavior of the EO 

loaded in the PCL/gelatin-based nanoparticles colloidal 

systems. Different absolute concentrations of EO (100 g mL-

1, 250 g mL-1or 500 g mL-1) were encapsulated. 

 
 

 
 

Fig 5:(a-b) curves of the released concentration of EO as a function of time for all colloidal systems; (c) kinetic curves of EO release derived 

from the obtained release curves and (d) curve of the released concentration of EO as a function of time for the membrane-based PCL/gelatin 

particles. 
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Figure 5a shows the curves of the released concentration of 

EO as a function of time for all colloidal systems. The 

horizontal lines represent the lethal dosages (LD50) needed to 

control the pestsA. aegypti, T. urticae and C. lataniae, which 

were obtained from previous work [4].The controlled release 

test was evaluated up to 100 h. Figure 5b shows that the 

LD50for the control of T. urticae and C. lataniae were reached 

in a few minutes of release and, after 1h, the LD50of A. 

aegypti was then achieved. After reaching the LD50of these 

three evaluated pests, the systems maintained their release of 

EO over time above the LD50 values. Each system released its 

maximum concentration of EO up to 100 h. The absolute 

encapsulated concentration of 250 µgmL-1showed to be 

efficient to controlall three tested pests. However, the LD50for 

the control of A. aegypti was reached only after 3.5 h. Figure 

5c shows the kinetic curves of EO release, which were 

derived from the obtained release curves (Figure 5a). Two 

peaks of pronounced kinetic of EO release were observed. 

The first peak was observed after around 40 min of release, 

and the second after 2 h. The kinetics of release did not show 

any further expressive peak after 5 h of EO release, remaining 

almost constant over time. 

Table 1 shows the t20% and t50% values, which correspond to 

the time at which 20% and 50% of the retained EO were 

released, respectively. The t20%was smaller for the colloidal 

systems containing larger absolute concentration of 

encapsulated EO: the system containing the encapsulated 

absolute concentration of 500 g mL-1 released 20% of this 

EO after 1 h. On the other hand, the systems containing the 

encapsulated absolute concentrations of 250 g mL-1 and 100 

g mL-1 released 20% of EO after 1.8 h.The t50%was also 

smaller for the system containing larger absolute 

concentration of encapsulated EO: the system containing 

encapsulated absolute concentrations of 500 g mL-1, 250 g 

mL-1 and 100 g mL-1 released 50% of this EO after, 

respectively, 4.7 h, 8.2 h and 12.5 h.  

 
Table 1: t20% and t50% for different concentrations of encapsulated 

EO in the colloidal systems and membrane. 
 

Colloidal Systems 

t (hours) 500 µgmL-1 250 µgmL-1 100 µgmL-1 

t20%(h) 1.0 1.9 1.8 

t50%(h) 4.7 8.2 12.5 

Membrane System 

t20%(h) 0.4 - - 

t50%(h) 2.4 - - 

 

Figure 5d shows the curve of the released concentration of 

EO as a function of time for the membrane-based PCL/gelatin 

particles. The release of EO was faster than that observed for 

the colloidal systems. The membrane hydration during the 

controlled release assay may have promoted such faster 

release of EO. On the other hand, as observed in SEM images, 

the particles dispersed in the membrane are larger 

(micrometric) than those observed in the colloidal systems. 

For this reason, the encapsulated EO volume per particle may 

became larger, reducing the time of release. The maximum 

EO concentration released (around 400 g mL-1) was reached 

in 500 min. All LD50 were reached during the release process. 

In contrast, the LD50for the control of T. urticae and C. 

lataniae were reached in the first minutes of release. The 

LD50for A. aegypti was reached after 40 min. The t20%and t50% 

(Table 1) were found around, respectively, 0.4 h and 2.4 h, 

which are approximately the half of the values obtained for 

the colloidal system containing the EO absolute concentration 

of 500 g mL-1. 

For all systems the release of 100% of the encapsulated EO 

was not observed and can be explained by the strong 

interaction between the EO and the wall materials. Other 

encapsulation studies [15] also reported the partial release of 

encapsulated bioactive compounds. 

The release kinetic of the EO was analyzed from cumulative 

release data over time by fitting the data following the 

equation [(Mt/M∞) = ktn)] [11]. Mt/M∞ represents the fractional 

bioactive compound released at time t, n is a diffusion 

parameter characterizing the release mechanism, and k is a 

constant characteristic of the bioactive-polymer system 
[11,23,24]. Using the least-squares procedure, the k and n values 

were estimated and shown in Table 2. If n = 0.5, the bioactive 

diffuses and releases from the polymer matrix following 

aquasi-Fickian diffusion. For n< 0.5, anomalous or non-

Fickian type diffusion occurs. If n = 1, a completely non-

Fickian case II or zero-order release kinetics is operative. 

Intermediary values between 0.5 and 1.0 are attributed to the 

anomalous type transport.  

 
Table 2: Coefficients of Higuchi and Korsmeyer-Peppas models for 

kinetics of EO release 
 

Colloidal Systems 

Model Coeff. 500 µgmL-1 250 µgmL-1 100 µgmL-1 

Higuchi k 14.75 13.96 13.43 

 R² 0.77 0.79 0.82 

 k 30.84 27.21 25.73 

Kornsmeyer-Peppas n 0.23 0.24 0.25 

 R² 0.94 0.95 0.96 

Membrane System 

 k 10.79 - - 

Kornsmeyer-Peppas n 0.59 - - 

 R² 0.98 - - 

 

The Korsmeyer-Peppas model better adjusted the controlled 

release data of the colloidal systems (with higher average R2 

value). For all colloidal systems n< 0.5, confirming the 

anomalous or non-Fickian type diffusion mechanism of the 

EO to the solvent medium [25]. For this reason, the rapid 

release of EO observed in the first minutes may be explained 

by the bulk erosion of the wall materials [26]. Mass erosion of 

biodegradable polymers is a chemical process involving the 

hydrolysis of the polymer with the presence of water into the 

polymer matrix [27]. Bulk erosion is common in polymer 

nanoparticles containing ester, ether and amine groups such as 

gelatin [13]. 

The Korsmeyer-Peppas model also better adjusted the 

controlled release data of the membrane system, with n>0.5, 

confirming the anomalous type transport. This result can 

explain the faster EO release observed in the membrane-based 

PCL/gelatin particles. In particular, the use of membrane 

system for the encapsulation of this EO could ensure greater 

biological activity and efficiency in the field, since the freeze-

dried colloidal system to form membranes could result in a 

material with greater stability, ease of storage and longer shelf 

life, resulting in higher quality, and greater economic value of 

agricultural products. 

 

4. Conclusions 

The EO from L. puchury-major could be encapsulated 

successfully within PCL/gelatin particles. The FTIR spectra 

of the colloidal system sand membrane containing particles 

loaded with EO confirmed its successful encapsulation. The 
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EE of the essential oil was higher than 90% for all colloidal 

systems. The zeta potential indicated that the encapsulation of 

EO resulted in better stabilization of the nanoparticle charges 

of the colloidal systems probably due to intermolecular 

interactions. The nanoparticles size of the colloidal system 

revealed that the loaded nanoparticles are spherical and well 

dispersed. However, their average size was dependent on the 

EO concentration. The membrane images revealed that the 

lyophilization process promoted an agglomeration of 

nanoparticles, resulting in particles in micrometric sizes. All 

colloid systems released their EO efficiently up to 100 h. The 

absolute encapsulated concentration of 250 µg mL-1 showed 

to be efficient to combat all three tested pests. However, the 

release of EO from the membrane was faster than that 

observed for the colloidal systems probably due its hydration 

during the controlled release assay. The maximum EO 

concentration released from membrane was reached in 500 

min. All LD50 were reached during the release process. The 

freeze-dried colloidal system to form membranes could result 

in a material with greater stability and economic value of 

agricultural products. Furthermore, colloidal systems or 

membrane-based PCL/gelatin particles containing the EO 

from L. puchury-major was shown to be feasible as a 

sustainable alternative to combat the tested pestsdue to their 

encapsulation efficiency, biodegradability, adequate 

controlled release that reaches specific lethal dosages, and 

abundance of these plant species in the Amazon region. 
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