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Abstract 

Encapsulation is a technology widely used in the industrial field because it brings many advantages, 

especially in the pharmaceutical field. Among the existing microencapsulation techniques, 

microencapsulation by solvent evaporation in simple emulsion remains one of the most used for 

hydrophobic active ingredients because it does not require specific equipment and uses mild operating 

conditions (temperature and ambient pressure generally). Which was the subject of our present study 

which targets to encapsulation the olive oil by polyhydroxy (butyrate-co-valerate) PHBV using the method 

of evaporation of the organic solvent which is chloroform. The encapsulation yields obtained with respect 

to the different parameters are between 66 and 80 %, the best of which is obtained with the highest 

amount of active ingredient, which is 0.4 g/ml.  Microscopy allowed us to observe the morphology of the 

powders obtained, where the latter are in the form of a powder (spherical) and other are aggregates.  The 

macroscopic and microscopic analysis showed that the increase of the emulsion agitation speed, the 

amount of surfactant percentage and the nature of the latter, allow to modify the size of the 

microparticles, which has been proved, in agreement with the theory.  The FTIR analysis showed the 

presence of olive oil in the PHBV microparticles, and highlighted the absence of chemical interactions 

between the polymers and olive oil. Thermal analysis by thermogravimetry confirmed the existence of 

olive oil in the PHBV microparticles by the presence of two losses of mass, first in the interval (200 to 250) 

which corresponds to the degradation of oil and another loss after this range of (250 to 400) attributed to 

the decomposition of the encapsulant (PHBV). 

Keywords:PHBV, PEG, olive oil,  Microencapsulation, physico-chemical properties. 

 

I. Introduction 

Polymers and copolymers of lactic and glycolic acids are 

the most commonly used to develop drug delivery systems 

due to their safe and authorized use applications in humans 

[1]. However, other biodegradable polymers have been 

studied to increase the number of biodegradable materials 

available for pharmaceutical and medical applications [2]. 

Poly-hydroxy-butyrate-co-valerateabbreviated usually as 

PHBV or PHBHV, is naturally occurring biodegradable 
polymer produced from a wide range of microorganisms 

[3]. Besides, it is non-toxic, 100% biodegradable, 

biocompatible with many types of cells, characterized by 

its high degree of crystallinity, and it is resistant to 

ultraviolet radiation and acceptable amounts of alcohols, 

fats, and oils [4] An alternative to giving protection and 

stability to active compounds is the encapsulation in 

biopolymers [5], the emulsion solvent evaporation has 

been the most frequently used microencapsulation method 

[6]. 

The oils encapsulation can be defined as a process in 
which the droplets of the bioactive oil are surrounded by a 

coating material, or embedded in a homogeneous or 

heterogeneous matrix, to give small capsules with many 

useful properties [7]. The oils encapsulation in a practical 

system is of potential interest and functional for 

pharmaceutical, food and cosmetic products[8].Other 

important application areas such as personal care, 

agricultural products, veterinary medicine, industrial 

chemicals, biotechnology,and biomedical engineering, are 

all in the biomedical engineering, are all within the range 

of interest. Because of the wide range of oils in nature, 

there is growing interest in the application of encapsulating 
such oils to fully exploit their fully exploit their beneficial 

benefits [9]. 

Krishnan et al.(2005) [10], encapsulated Cardamom oil 

which possesses potential antibacterial, antioxidant, 

anticancer, antiseptic, antispasmodic, digestive, diuretic 

and stimulant activities. The microencapsulation is 

prepared with a mixture of gum arabic, maltodextrin, and 

modified starch increased volatile stability. 

Umesha et al.(2013) [11], encapsulated the garden cress oil 

(GCO) using different wall materials such as sodium 

caseinate (SACA), whey protein concentrate (WPC), blend 
of maltodextrin and gum arabica (MDGA) and skimmed 

milk powder (SKM) was examined using spray‐drying 

method. In another work of Silva et al. (2014) [12], studied 

the influence of different combinations of wall materials 
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and homogenization pressure on the microencapsulation of 

green coffee oil by spray drying. The encapsulation of this 

oil facilitates its use in cosmetic powders and reduces the 

allergenic effects of cinnamic acid when applied directly to 

the skin. 

Lim et al.(2012) [13], established  the effects of different 

wall materials on the physicochemical properties and 

oxidative stability of spray-dried microencapsulated red 

fleshed pitaya (Hylocereuspolyrhizus) seed oil. This 

microencapsulation with sodium caseinate and whey 
protein has increased its stability to oxidation. The 

chitosan-carrageenan polyelectrolyte complex has been 

successfully used as an effective matrix to encapsulate 

neem seed oil by Devi et al.(2009) [14]. Kanakdande et 

al.(2007) [15], studied microencapsulation of cumin 

oleoresin by the mixture of gum arabic / maltodextrin / 

modified starch. 

In recent years, olive oil has received great attention owing 

to its biological activities and sensory qualities. It has 

social and economical importance for the Mediterranean 

regions [16]. The importance of olive oil is mainly 
attributed to its high content of oleic acid and its richness 

in phenolic compounds, which act as natural antioxidants 

[17]. 
For this, in this work, we are interested in the 

encapsulation of olive oil by polyhydroxy (butyrate-co-

valerate) or PHBV using the method of evaporation of the 

organic solvent which is chloroform, the choice fell on the 

olive oil as an active principle thanks to its important 

therapeutic properties, its availability and its low cost 

compared to other oils which present the same 

characteristics but with a high cost. 

II. Materialsand Methods 

II.1. Materials 

PHBV copolymer used in this work was supplied by 

TianAn Biologic Materials Co. Ltd (China) with a molar 

ratio of 92:8 (HB: HV). It was commercialized in the form 

of pellets under the grade name ENMAT Y1000P. 

The olive oil obtained by hot extraction (mountain of 

bejaia-Algeria). 

The PEG used was grade 600 (Mw = 600 g/mol), which 

acted as a nonionic surfactant, and chloroform used in this 

study as a solvent was produced by Biochem, 

chemopharm, (Quebec), were supplied by Biochem 
Chemopharma (Montreal, Quebec). 

II.2. Methods 

Preparation of PHBV microcapsules containing olive 

oil (with different concentrations 0.15g/ml, 0.25 g/ml, 

0.4g/ml) 

The encapsulation technique by solvent evaporation was 

performed according to the following steps: 

 Preparation of the organic phase (solution 1): 

A dissolution of a desired amount of PHBV (1.2 g) in 

chloroform;add different concentrations (0.15g/ml, 0.25 

g/ml, 0.4g/ml ) of olive oil to this polymeric solution after 

cooling in 2 minutes. 

 Preparation of the aqueous phase (solution 2): 

A dissolution of a desired amount of PEG (1 %) in 

distilled water. 
The introduction by drop, of the solution 1 to the solution 

2 and leave under agitation; 

Medium magnetic stirring is maintained overnight, at room 

temperature, so that the chloroform is completely 

removed. 

The solution obtained is centrifuged at 6000 rpm for 3 

minutes and recovery of the microparticles, then rinsed 

with distilled water 3 times; Put the microparticles in petri 

dishes and let dry in a desiccator. 

III. Characterizations 

 Encapsulation yield (R%) 
In order to calculate the encapsulation yield we first 

measured the mass of the microcapsules recovered after 

centrifugation and is calculated with the following 

formula: 

R (%) =
mass of recovered microcapsules

mass of polymer+mass of olve oil
∗ 100 

This calculation of yield allowed us to deduce which is the 

best concentration of encapsulation of the active principle 

by the PHBV. 

 Macroscopic aspect 

The verification of the color and the homogeneity of the 

various concentrations were carried out by a simple visual 

analysis for the microparticles obtained. 

 Microscopic aspect 

Optical microscopy allows to obtain information, certainly 

qualitative, but often essential to the general understanding 

of the systems. 

 Structural analysis: 

FTIR spectra of the different sampleswere recorded using 

Agilent Technologies Cary 630 FTIR in the range of 4000-
400 cm-1 with a resolution of 4 cm-1. 

 Thermal analysis 

The thermal study of the samples was conducted using a 

LINSEIS STAPT 1600-type thermogravimetric apparatus 

in the range of temperature 20–700°C, and a heating rate 

of around 10°Cmin−1. 

 

IV. Results and discussion 

 

IV.1. Encapsulation yield (R%) 

From the calculation of the encapsulation yield for the 

three concentrations performed (see Table 1), it is deduced 
that the third concentration 0.4g/ml was the high 

concentration of the active ingredient (0.4 g/ml) has a 

better yield of 80% compared to the other concentrations 

(0.15 and 0.25 g/ml), This can be explained by the 

influence of the active ingredient on the encapsulation 

yield.And thus, increasingthe amount of olive oil is 

accompanied by an increase in encapsulation yield. 

These results were confirmed by morphological analysis 

(macroscopic and microscopic aspects). 
The HLB or Hydrophilic-Lipophilic Balanceis closely 

related to the structure of the surfactant molecule. Its 

values are determined according to an arbitrary scale 

ranging from 0 to 20, it is accepted that emulsifiers with an 

HLB value between 0 and 8 are lipophilic, those between 8 

and 12 are said (intermediate) and those between 12 and 

20 hydrophilic [18], and in our study, we used a surfactant 
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(PEG 600) with HLB = 13. Rabiskova et al. [19]found that 

the nature of the surfactant affects the oil uptake by the 

complex coacervate droplets as a function of the HLB 

value of the surfactant and the addition of surfactants with 

HLB values between 2 and 6 resulted in maximum uptake 

of the emulsions into the microcapsules. Although 

surfactants with HLB values outside this range improve 

the stability of the emulsions. It adversely modifies the 

surface properties of the oil droplets and thus prevents 

encapsulation. 

IV.2. Macroscopic aspect 

According to the table 2, the low quantity of olive oil used 

in our experimentation (0.15g/ml), which did not allow the 

formation of   microparticles but rather a formation of 

aggregates. This result can also be explained by the low 

concentration of the surfactant which is insufficient to 

prevent the coalescence of the emulsion droplets. In this 

case, the microcapsules agglomerate and form aggregates. 

A similar finding was reported by Chacon et al.1996 [20], 

who explained the formation of polymer aggregates during 

the preparation of PLGA microcapsules containing 

cyclosporine, by the low concentration of the surfactant 

which was insufficient to stabilize the emulsion. 

According to this, there is a proportional relationship 

between the concentration of the active ingredient and the 
size of the microcapsules, i.e. the higher the concentration 

of olive oil, the greater the increase in the size of the 

microparticles, which is confirmed by the appearance of 

the figures of the concentrations of 0.4 g/ml and 0.25 g/ml. 

 
Table 1:The encapsulation yield according to the concentration of olive oil 

Concentrations of 

olive oil (g/ml) 

Encapsulation yield (R%) 

 

0.15 66.51 

0.25 79.25 

0.4 80 

 

 
Table 2:Macroscopic and Microscopic aspect of microcapsuls 

Concentrations 

of olive oil 

(g/ml) 

Macroscopic aspect Observations Microscopic aspect Observations 

0.15 

 

 

The obtained 

microparticles 

are in the form 

of aggregates 

and of whitish 

color. 
 

 

The presence of 

aggregates and 

therefore the 

absence of 

homogeneity. 

0.25 

 

 
The 

microparticles in 

the form of a 
fine powder and 

whitish color. 

 

 
The presence of 

microparticles of 

homogeneous 
shape. 

0.4 

 

 

Microparticles 
in the form of a 

powder of 

medium 

granulometry 

and whitish 

color. 

 

 
The presence of 

microparticles of 

non-

homogeneous 

shape (large, 

small and 

medium). 

IV.3. Microscopic aspect 

In order to select the best concentration from the 

morphological point of view(see Table 2), we performed 

an optical analysis, according to our observation we 

noticed that the best concentration is 0.4 g/ml; this result 

was explained by the impacts of the different parameters 

of encapsulation process. 

The stirring speed is the main parameter to control the size 

of the emulsion droplets. Enhancing the stirring speed 

generally results in the decrease of the average diameter of 

the microcapsules [21], [22]. 

According to the study by André-Abrant et al [22], the size 

of microcapsules decreases from 281μm to 91μm when the 

stirring speed is enhanced from 300 to 700 rpm. Similar 
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results were found by Valot et al [21]  who showed that the 

size of microcapsules prepared with two polymers 

(Eudragit and EC), decreases when the stirring speed is 

enhanced. 

The composition of the solvent is a factor influencing the 

final size of the microcapsules which has been proven by 

Kim et al [23] and Maia et al [2]. Have proven that the use 

of solvent with high solubility in water in combination 

with low soluble solvents decreases the size of the 

obtained particles. For Kim et al. 2005[23] the average 

sizes of poly(ε-caprolactone) microspheres resulting from 

the use of dichloromethane are 73.5μm compared to those 

obtained with a mixture of dichloromethane and ethyl 

formate which are 56.6 μm. 

IV.4. Structural analysis 

To confirm the presence of olive oil in PHBV 

microcapsulesand to study the interactions that may be 
established between PA and polymer, the FTIR spectra of 

virgin PHBV olive oil, and PHBV microcapsules 

containing olive oil were recorded between 400 and 4000 

cm-1. The FTIR spectrum of PHBV (see Figure 1)  

revealing the presence of several absorption bands, in 

particular [24] : 

A rather narrow peak located at 3440 cm characteristic of 

the elongation vibration of the -OH bond. 

A series of bands with peaks centered at 2965, 2940 and 

2875 cm-1 ; attributed respectively to the vibrations of 

asymmetric elongation of the CH3 group, symmetric 

elongation of the CH2 group and symmetric elongation of 

CH3.  
A very intense band centered at 1750 cm-1 attributed to the 

elongation of the C=O carbonyl group of the esters. 

A very broad band of peaks at 1445, 1390 and 1290 cm-1 

corresponding respectively to the deformation vibrations 

of CH3, to the elongation of the C=O group of the esters, to 

the vibration of the C-O-H bond. 

A series of peaks 1000 and 800 cm-1 characteristic of the 

elongation vibrations of the C-C bonds. 

Figure 2 presents the FTIR spectrum of olive oil reveals 

the presence of several absorption bands, which are cited 

in the following table 3[25]: 

 
Figure 1: FTIR of PHBV 

1000 2000 3000 4000 

Ab

s 

0 , 0 

0 5 , 

0 , 1 

5 1 , 

0 , 2 

2 , 5 

0 , 3 

PHBV 

cm 2965 -1 

3440 cm -1 

1750 cm -1 1445 cm -1 
1390 cm -1 

cm 1290 -1 

2875 cm -1 

2940 cm -1 
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Figure 2: FTIR of Olive oil 

 

 

Table 3: FTIR of Olive oil 

Band (cm-1) Functional group Intensity 

3464 (C=O) Weak peak 

3005 (=C-H) cis Medium 

2922 (C-H) CH3 Very strong 

2852 (C-H) CH2 Very strong 

1742 (C=O) ester  Very strong 

1652 (C=C)  Weak 

1459 (C-H) CH2 Medium 

1238 and 1162 (C-O) Medium 

961 (C-O) Weak 

898 and 839 –HC-CH–  Weak 

 

 
 

Figure 3: FTIR of PHBV/olive oil microcapsules in different concentrations  

 

From the FTIR spectrum of PHBVmicroparticles 

containing olive oil(Figure 3): 

 A broad band located in the 3464 area 

characteristic of the olive oil ester groupC=O.   
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 A band located in the area of the peaks centered 

around 3000 to 2875 cm-1; of the CH2 group that 

occurred in PHBV and the CH band in olive oil  

 A new peak at 2338, which signifies the 

formation of C≡C triple bonds correspond to the 

aromatic ring of the active ingredient. 

 An intense peak located at 1725 cm-1 features the 

C=O band, which presented in PHBV and in olive 

oil and thus the presence of the latter in the 

PHBV matrix. 
We also notice that the intensity of concentration 0.4g/ml 

is stronger than concentration 0.25g/mland to this effect; 

we can say that the encapsulation of olive oil with 

concentration 0.4g/mlis slightly better than that of 

concentration 0.25g/ml. 

It is also observed that all the bands of PHBV appear in the 

spectrum of microparticles without any change in wave 

number, this indicates that the integrity of the active 

ingredient is preserved after the encapsulation process. 

This leads us to assume that the active ingredient remains 

stable and that there are no chemical interactions between 

the active ingredient and the polymer studied. 

IV.5. Thermal analysis 
According to the figure 4 and table4, we observe 

successively: 

A first loss of mass from 80°C to about 100°C, which is 

perhaps attributed to the evaporation of water, then 

directly another loss at about 200°C to 250°C, which is 
probably related to the degradation of olive oil or the 

active principle used. 

The second loss of mass is located from 300°C, it 

corresponds to the degradation of the PHBV biopolymer. 

This result confirms the presence of olive oil in the PHBV 

microcapsules, which has been verified by other previous 

analysis[26]. 

²  
Figure 4 : Thermograms of PHBV, olive oil and microcapsules  

 

Table 4: The onset temperature and Tmax of PHBV, Olive oil and PHBV/ Olive oil microcapsules 

Simples Ti (°C) Tmax (°C) 

PHBV 262 290 

PHBV/ Olive 

oil 

microcapsules 

239 300 

Olive oil 196 253 

 

V. Conclusions 

The work presented is part of a research program that has 

set as an objective to prepare microparticles by the 

technique of emulsion evaporation of the solvent from 

biodegradable and biocompatible polymeric matrices. The 
active ingredient chosen for this study is olive oil, the 

polymers used are the PHBV as a base matrix and PEG as 

active tension. 

 The encapsulation yields obtained with respect to 

the different parameters are between 66 and 80 %, 

the best of which is obtained with the highest 

amount of active ingredient which is 0.4 g/ml.  

 The microscopy allowed us to observe the 

morphology of the powders obtained, where the 

latter are in the form of a powder (spherical) and 
other are aggregates.  

 The FTIR analysis showed the presence of olive 

oil in the PHBV microparticles, and highlighted 

the absence of chemical interactions between the 

polymers and olive oil. 
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 Thermal analysis by thermogravimetry confirmed 

the existence of olive oil in the PHBV 

microparticles by the presence of two losses of 

mass, first in the interval (200 to 250) which 

corresponds to the degradation of oil and another 

loss after this range of (250a 400) attributed to the 

decomposition of the encapsulant (PHBV). 
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