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Abstract  

Aloe vera L. leaf waste contains biologically active compounds, including polyphenols, 

anthraglycosides, free anthraquinones, resins, mono- and polysaccharides, polypeptides, terpenoids, 

sterols, chromones, lectins, fatty, amino and organic acids, enzymes, saponins, vitamins, and minerals. 

However, the application of the mentioned bioactive components is rather limited because of their low 

solubility, stability, integrity, permeability, and consequently bioavailability. Thus, the encapsulation 

of the active principles of A. vera into liposomes can be advantageous. In the present study, A. vera 

waste extract-loaded liposomes were developed and characterized via the determination of particle 

size, polydispersity index (PDI), zeta potential, conductivity, mobility, storage stability, density, 

surface tension, and viscosity. The particle size of liposomes with A. vera extract amounted to 

335.0±20.5 nm, while the PDI was 0.505±0.056. The zeta potential, conductivity, and mobility were 

1.81±0.32 mV, 0.485±0.013 mS/cm, and 0.142±0.026 µmcm/Vs, respectively. The vesicle size and PDI 

changed during 21 days of storage. The zeta potential, conductivity, and mobility did not vary in the 

liposomal suspension during the stability study. The density, surface tension, and viscosity were 

0.991±0.003 g/mL, 22.8±0.2 mN/m, and 22.9±0.1 mPa·s, respectively. The beneficial effects of 

bioactive principles from A. vera on human health highlight the application of liposomes as a carrier 

for A. vera leaf waste extract and their potential implementation in food, functional food, 

pharmaceutical, and cosmetic formulations. 

Keywords: Aloe vera, encapsulation, extract, liposomes, waste. 

 

INTRODUCTION 

Aloe vera L. (Liliaceae) and its leaf waste (plant material without aloe gel) contains 

biologically active compounds, including polyphenols (flavonoids, tannins, and phenolic 

acids), anthraglycosides, free anthraquinones, resins, mono- and polysaccharides, 

polypeptides, terpenoids, sterols, chromones, lectins, fatty, amino and organic acids, enzymes, 

saponins, vitamins, and minerals [1,2]. Nevertheless, the application of the mentioned 

bioactive compounds is rather limited because of their low solubility, stability, integrity, 

permeability, and consequently bioavailability [3]. Therefore, the encapsulation of the active 

principles of A. vera leaf waste can be advantageous. Liposomes, micro- or nanovesicles 

usually constituted by phospholipids (but different kinds of other lipids can be used), can be 
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used for encapsulation of various hydrophilic, lipophilic, or amphiphilic compounds [4,5]. 

Liposomes have been widely used due to their high structural integrity, stability during 

storage, and controlled release capability. Additionally, they are easy to prepare and readily 

functionalized for active targeted delivery. Also, liposomal particles have long been perceived 

as the ideal drug delivery vehicles because of their superior biocompatibility. Namely, a 

liposomal bilayer is an analog of a biological membrane and can be prepared from both 

natural and synthetic phospholipids [6]. 

In the present study, phospholipid liposomes with A. vera leaf waste extract were 

developed and characterized via particle size, polydispersity index (PDI), zeta potential, 

conductivity, mobility, storage stability, density, surface tension, and viscosity. 

 

MATERIALS AND METHODS 

Plant material and reagents 

A. vera leaf waste was purchased in ASC Garden d.o.o., Belgrade, Serbia. The aloe gel was 

removed from the leaves. Subsequently, clean and empty leaves that represent the waste were 

cut and freeze-dried in Beta 2-8 LD plus (Christ, Germany). Ethanol (Merck, Germany) and 

Phospholipon 90 G (unsaturated diacyl-phosphatidylcholine) (Lipoid GmbH, Germany) were 

also used. Distilled water was purified through a Simplicity UV® water purification system 

(Merck Millipore, Merck KGaA, Germany). 

Extraction procedure  

Heat-assisted extraction of bioactive principles form A. vera leaf waste was performed at 

60°C using the incubator shaker KS 4000i control (IKA, Germany) at a solid-to-solvent ratio 

of 1:25 g/mL, 50% ethanol, as an extraction medium for 30 min. The extract was prepared in 

the Erlenmeyer flasks covered by aluminum foil to avoid light exposure and evaporation of 

solvent. After the extraction, the sample was filtered using filter paper and stored at 4°C until 

further experiments.  

Preparation of extract-loaded liposomes 

Phospholipid liposomes containing A. vera leaf waste extract were obtained using the 

proliposome method and a mixture of phospholipids (Phospholipon) [7]. Phospholipids (4 g) 

and ethanol A. vera extract (50 mL) were stirred at 50°C with the aim to homogenize a 

mixture and evaporate ethanol. After cooling to 25°C, ultrapure water (20 mL) was added and 

the formulation was stirred at 800 rpm for 1 h.  

Determination of particle size, PDI, zeta potential, conductivity, and mobility  

The measurements of particle size, PDI, zeta potential, conductivity, and mobility were 

performed using photon correlation spectroscopy in Zetasizer Nano Series, Nano ZS (Malvern 

Instruments Ltd., UK). The measurement was repeated on the 1st, 3rd, 5th, 7th, 14th, and 21st 

days after the liposomal preparation with the aim to monitor their stability at 4°C. Each 

sample was diluted 500 times and measured in triplicate at room temperature. 
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Measurement of density, surface tension, and viscosity  

The density and surface tension of the extract-loaded liposomes were determined using 

Force Tensiometer K20 (Kruss, Germany). The sample (20 mL) was examined three times at 

room temperature. 

The viscosity of the sample was examined using Rotavisc lo-vi device (IKA, Germany). 

The sample (6.7 mL) was examined three times at room temperature. 

Statistical analysis 

The statistical analysis of the results obtained in storage stability study was done by using 

analysis of variance (one-way ANOVA) and Duncan's post hoc test in STATISTICA 7.0. The 

differences were considered statistically significant at p<0.05. 

 

RESULTS AND DISCUSSION 

A. vera extract-loaded liposomes was developed and particle size, PDI, zeta potential, 

conductivity, mobility, density, surface tension, and viscosity of the sample were determined. 

The results are presented in Table 1 (the values measured after the liposomal preparation). In 

addition, storage stability study was performed and the results are shown in the graphs of 

Figure 1.  

 

Table 1 Particle size, polydispersity index (PDI), zeta potential, conductivity, and mobility  

of phospholipid liposomes with Aloe vera leaf waste extract measured immediately after the 

liposomal preparation 

Variables Liposomes with extract 

Particle size [nm] 335.0±20.5 

PDI 0.505±0.056 

Zeta potential [mV] 1.81±0.32 

Conductivity [mS/cm] 0.485±0.013 

Mobility [µmcm/Vs] 0.142±0.026 

Density [g/mL] 0.991±0.003 

Surface tension [mN/m] 22.8±0.2 

Viscosity [mPa·s] 22.9±0.1 

 

As can be seen in Table 1, the particle size of extract-loaded liposomes was         

335.0±20.5 nm, whereas the PDI, as a measure of particle size distribution in the liposomal 

formulation, was 0.505±0.056. The measured values of vesicle size are in agreement with the 

literature, where phospholipid liposomes had a diameter of ~400 nm [8]. The particle size of 

liposomes is significantly affected by the type of lipids, the method used for the liposomal 

formulation, as well as the physicochemical properties of the encapsulated molecules [7,9]. 

The obtained PDI values indicate the existence of a non-uniform system (0.505±0.056). The 

zeta potential, conductivity, and mobility were 1.81±0.32 mV, 0.485±0.013 mS/cm, and 

0.142±0.026 µmcm/Vs, respectively. The zeta potential was very low indicating the presence 
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of a very unstable system. According to Lidgate et al. [10], a lower capture volume 

corresponds to an increase in conductivity. Namely, a lower amount of ions are removed as 

liposome capture volume decreased with decreasing lipid concentration, thus conductivity of 

the liposome dispersions increased as the lipid concentration decreased. Also, conductivity 

values increase in the case of leakage of encapsulated compounds [10]. In the case of A. vera 

extract-loaded liposomes, a higher amount of the added extract resulted in a higher value of 

conductivity. According to the literature, the mobility of liposomal particles represents a 

function of particle size, total charge, and composition of the liposomal membrane [11]. 

Additionally, some liposomes are fluid, flexible, and deformable, whereas others are rigid that 

depend on the bilayer composition, as well as entrapped components. Their fluidity/rigidity 

and deformable properties also significantly impact mobility [12,13]. The density, surface 

tension, and viscosity of the liposomes were 0.991±0.003 g/mL, 22.8±0.2 mN/m, and 

22.9±0.1 mPa·s, respectively (Table 1). A higher viscosity of the liposomes is an indication of 

smaller vesicle size [14] which was the case with the obtained A. vera extract-loaded 

liposomes. 

In order to examine the stability of phospholipid liposomes with A. vera leaf waste extract, 

particle size, PDI, zeta potential, conductivity, and mobility were measured during 21 days of 

storage at 4ºC (Figure 1). 

As can be seen from Figure 1a, the particle size and PDI did not change in the first 5 days 

of storage, whereas a slight increase appeared after the 7th day and continued to increase up to 

the 21st day. The obtained results were expected due to very low values of zeta potential and 

a high probability of particle fusion. The zeta potential and mobility did not vary and kept low 

values in the liposomal suspension during the stability study (Figure 1b). Considering that 

there was no increase in the conductivity of the liposomes (Figure 1c), it can be concluded 

that there was no leakage of encapsulated compounds from the liposomal bilayer. 
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Figure 1 a) Particle size – bars and polydispersity index – numbers above bars, b) zeta potential – 

bars and mobility – numbers above bars (µmcm/Vs), and c) conductivity of phospholipid liposomes 

with Aloe vera leaf waste extract for 21 days; values with different letters (a–c) showed statistically 

significant differences (p<0.05; n=3; analysis of variance, Duncan's post-hoc test) 

 

CONCLUSION 

In the present study, A. vera waste extract-loaded liposomes were developed and 

characterized in terms of physical properties. The results indicate the existence of 

nanoparticles and a non-uniform system with very low values of zeta potential and mobility. 

The results of the stability study showed that particle size and PDI values increased during 

storage, while zeta potential, conductivity, and mobility did not change. The beneficial effects 

of bioactive principles from A. vera on human health highlight the application of liposomes as 

a carrier for A. vera leaf waste extract and their potential implementation in food, functional 
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food, pharmaceutical, and cosmetic formulations. However, future experiments and 

perspectives should be directed toward the improvement of liposomal stability. 
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