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ABSTRACT

The demand for natural-based technological products is a global trend, driven by factors such as sustain-
ability and minimal environmental impact. Botanical extracts are often incorporated into nanotechnological 
systems, which can circumvent the chemical instability of some compounds with antioxidant action. Pitaya  
(Hylocereus lemairei) is a highly popular fruit, and its production generates a substantial amount of waste. 
This study aimed to associate pitaya peel aqueous extract with liposomes to protect its phenolic composition. 
Liposomes were produced by the lipid film hydration method, and particle size, zeta potential, polydispersity 
index, and encapsulation efficiency were evaluated. The pH, antioxidant activity, and lipid peroxidation index 
of nanosuspensions were evaluated at time zero and after 30 days in different temperatures (21 - 25°C and  
2 - 8ºC). No statistical differences were found in the particle size of liposomes in the presence or absence of 
pitaya extract (287.46 versus 275.91 ± 44.06). The same was noted in polydispersity index (0.53 versus 0.50) 
and the zeta potential (-37.99 versus -36.10). The recovery rate of phenolic compounds was greater than 90%, 
indicating that there was no loss in the process. However, the encapsulation efficiency reduced from 44% to 
27% at 30 days of monitoring. The pH and antioxidant activity of the liposome containing the extract remained 
stable. The peroxidation index in the suspension containing the extract was reduced, demonstrating that the 
extract’s actives can prevent the peroxidation of lipids. Data can contribute to defining the ideal nanocarrier 
for future pitaya-based applications, a significant advancement for natural and technological applications.
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RESUMO

A demanda por produtos tecnológicos de base natural é uma tendência global, impulsionada por fatores 
como sustentabilidade e impacto ambiental mínimo. Extratos botânicos são frequentemente incorporados 
em sistemas nanotecnológicos, o que pode contornar a instabilidade química de alguns compostos com 
ação antioxidante. A pitaya (Hylocereus lemairei) é uma fruta muito popular e sua produção gera uma 
quantidade substancial de resíduos. Este estudo teve como objetivo associar o extrato aquoso da casca da 
pitaya com lipossomas para proteger sua composição fenólica. Os lipossomas foram produzidos pelo método 
de hidratação de filme lipídico e o tamanho de partícula, o potencial zeta, o índice de polidispersão e a 
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eficiência de encapsulamento foram avaliados. O pH, a atividade antioxidante e o índice de peroxidação 
lipídica das nanosuspensões foram avaliados no tempo zero e após 30 dias em diferentes temperaturas  
(21 - 25 °C e 2 - 8 ºC).Não foram encontradas diferenças estatísticas no tamanho de partícula dos lipossomas 
na presença ou ausência do extrato de pitaya (287,46 versus 275,91 ± 44,06). O mesmo foi observado no 
índice de polidispersão (0,53 versus 0,50) e no potencial zeta (-37,99 versus -36,10). A taxa de recuperação de 
compostos fenólicos foi superior a 90%, indicando que não houve perda no processo. Entretanto, a eficiência 
de encapsulamento reduziu de 44% para 27% em 30 dias de monitoramento. O pH e a atividade antioxidante 
do lipossomo contendo o extrato permaneceram estáveis. O índice de peroxidação na suspensão contendo 
o extrato foi reduzido, demonstrando que os ativos do extrato podem prevenir a peroxidação de lipídios.  
Os dados podem contribuir para definir o nanocarreador ideal para futuras aplicações à base de pitaya, um 
avanço significativo para aplicações naturais e tecnológicas.

Palavras-chave: Nanotecnologia; fosfolipídios; antioxidantes; extratos botânicos.

INTRODUCTION

Exotic fruits, originating from tropical and subtropical regions, have been the focus of 

scientific studies due to their biological potential in promoting and protecting human health  

(Kanlayavattanakul et al., 2013). Pitaya, an exotic fruit native to the tropical forests of Mexico and 

Central America, is a good example. Known as Dragon Fruit due to its scaly skin, it belongs to the 

genus Hylocereus and the family Cactaceae (Joshi; Prabhakar, 2020) and is considered a superfood 

due to its antioxidant properties.

In Brazil, red-fleshed pitaya is one of the most found varieties. Studies have shown that it 

is rich in bioactive phenolic compounds, particularly flavonoids, which are present in both the peel 

and the pulp. In the peel of the red-fleshed pitaya, betalains, anthocyanins, 3-glucoside, and pelar-

gonidin have been detected (Saenjum; Pattananandecha; Nakagawa, 2021). In the same study, using 

the fruit’s seed, other compounds were detected, such as epigallocatechin, caffeine, and gallic acid.  

These metabolites contribute to the pitaya’s antioxidant, antimicrobial, and anti-inflammatory proper-

ties (Joshi; Prabhakar, 2020). Another study evaluated the phenolic compound content in pitaya peel 

extract, and the results showed that the antioxidant activity of the extract is higher than the antioxidant 

capacity of ascorbic acid (Lodi et al., 2022). Therefore, peels contain a rich antioxidant composition; 

however, they are often discarded. One proposed use for pitaya peel extract is its incorporation into 

nanotechnology-based formulations, which would expand its potential applications in the pharmaceu-

tical, nutraceutical, and cosmetic industries.

Nanotechnology represents a valuable strategy to overcome the chemical instability of phe-

nolic compounds found in botanical extracts. Incorporating these compounds into nanosystems al-

lows for the gradual release of actives without altering their mechanism of action, modulating the 

rate at which these substances cross biological barriers, reaching the target cells (Cassini et al., 2021).  

With the advent of nanotechnology, lipid-based nanocarriers, such as liposomes, have been widely 



25
Disciplinarum Scientia. Série: Naturais e Tecnológicas

Santa Maria, v. 27, n. 1, p. 23-35, 2026

valued for their use in biomedical applications, as they can transport both hydrophobic and hydro-

philic active compounds. Several plant-derived active compounds have already been studied to evalu-

ate their antioxidant potential when associated with liposomes as carriers of these actives (Lin et al., 

2022). A study was conducted with Rosa canina extract (Krajewska; Dziki, 2023) comparing the an-

tioxidant activity of the free extract (15.50 ± 2.18 %), showing a significant increase in the antioxidant 

potential of the extract when associated with liposomes (80.70 ± 2.61%). On the other hand, a study 

involving the ethanolic extract of red pitaya pulp associated with liposomes reported no significant 

difference in DPPH free radical scavenging capacity compared to the free extract, indicating that en-

capsulation was not able to enhance the extract’s antioxidant activity (Lin et al., 2021). These results 

suggest that there is no consensus regarding the increase in antioxidant activity of plant-based actives 

when delivered in liposomal form.

The present study aimed to develop a liposome formulation to deliver an aqueous extract 

of the red-fleshed pitaya peel, characterizing it in terms of its chemical properties and stability.  

The results obtained may serve as a basis for future studies aimed at the development of anti-aging 

nutraceuticals and cosmetics.

MATERIALS AND METHODS

PREPARATION OF THE EXTRACTS

Red-fleshed pitayas (2020 harvest) were purchased from commercial establishments in Caxias 

do Sul, RS, Brazil. The pulp was carefully separated from the peel and frozen (-20°C). The obtained 

peels were dried in a forced-air circulation oven at 45 ± 5°C until constant weight, then ground in a 

knife mill. Analyses were performed using aqueous extracts of the dried, ground pitaya peels at dif-

ferent concentrations (0.5 to 5% w/v) under reflux conditions, aiming to determine the best extraction 

condition. The optimal plant-to-solvent ratio was selected for lyophilization. The lyophilized extract 

powder was stored in a freezer until further analysis.

LIPOSOME DEVELOPMENT

Liposomes were prepared by the lipid film hydration method using phosphatidylcholine and 

cholesterol (7:3 molar ratio), dissolved in chloroform. The solvent was then evaporated on a rotary 

evaporator at 42°C with stirring at 25 rpm to form a phospholipid film. Lip film hydration was achieved 

by incorporating aqueous pitaya peel extract or sodium chloride under the following conditions: a) to 

prepare plain liposomes (without the addition of pitaya extract), three samples were solubilized with 

60 ml of water and 0.89 grams of sodium chloride; b) to prepare liposomes containing pitaya peel 
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extract, a 2.5 mg/mL solution was prepared in triplicate from a lyophilized aqueous extract at 1% w/v. 

The suspensions containing liposomes were sonicated for 5 minutes (Sonics Vibra-Cell) to homog-

enize and reduce particle size. The samples were then filtered through a 0.45 µm membrane.

DETERMINING ENCAPSULATION EFFICIENCY

To evaluate encapsulation efficiency, the Folin Ciocalteu colorimetric method (Singleton; Ros-

si, 1965) was used. Initially, 1.000 µL of liposome suspension was centrifuged at 14,000 rpm for 15 

min. The supernatant was filtered (0.22 µm), and the phenolic compound content was determined 

spectrophotometrically at a wavelength of 765 nm. The supernatant fraction corresponded to the 

unencapsulated phenolic compounds. The recovered phenolic compounds were measured by mixing 

one part of the liposome suspension with two parts of methanol: water (9:1). The phenolic compound 

content was determined after filtration through a 0.22 µm membrane, and the encapsulation efficiency 

was calculated using the formula below:

EE (%) = [(TPC - TPCne) / TPC x 100

EE = encapsulation efficiency; TPC = total 

phenolic compounds recovered; TPCne = total 

phenolic compounds in the supernatant (not 

encapsulated)

PARTICLE SIZE AND POLYDISPERSITY INDEX, ZETA POTENTIAL, AND PH

Particle diameter and polydispersity index (PdI) were measured by dynamic light scattering 

using Zetasizer ZS (Zetasizer Nano, Malvern, UK) using 2 mL of the liposome suspension resus-

pended in 1 mL of purified water. Zeta potential was measured by electrophoretic mobility shift us-

ing Zetasizer ZS (Zetasizer Nano, Malvern, UK). For zeta potential reading, 10 mL of the liposome 

suspension was resuspended in 5 mL of 10 mM NaCl.

STABILITY EVALUATION

To monitor stability, the pH and lipid peroxidation of the formulations were evaluated at time 

zero and after 30 days, stored at 21 - 25 °C and 2 - 8 ºC. The pH was measured using a properly 

calibrated pH meter (Digimed). The results are expressed as the average of three determinations.  

The average pH variation was obtained by the observed amplitude and is expressed as ΔpH.
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To evaluate the lipid peroxidation index of the formulations, the TBARS assay (Wills, 1965) 

was performed. This experiment is based on a colorimetric reaction that detects the levels of malondi-

aldehyde (MDA), a product of the oxidative action of free radicals on lipids. An aliquot of the liposo-

mal formulations (400 μL) was added to 0.67% w/v thiobarbituric acid and heated in a boiling water 

bath for 1 h. Absorbances were read at 532 nm, and the results were expressed in nmol MDA/mL.

ANTIOXIDANT ACTIVITY ASSESSMENT - DPPH SCAVENGING CAPACITY

This method consists of the antioxidant capacity of the sample to donate hydrogen to the 

2,2-diphenyl, 1-picrylhydrazyl (DPPH) radical (Yamaguchi et al., 1998). The solution presents a pur-

ple to yellow coloration, indicating its antioxidant potential. Tris-HCl buffer (100 μM, pH 7.0) and 

DPPH radical (250 μM) were added. The mixture was left to stand for 20 minutes in the dark at room 

temperature, and then the absorbance was measured at 517 nm in a spectrophotometer. The results are 

represented as a percentage (%) radical scan.

STATISTICAL ANALYSIS

Results were tabulated in Excel, with tests performed in triplicate, and analyzed using SPSS 

22.0 software. Results were expressed as mean ± standard deviation. Analysis of variance (ANOVA) 

and Tukey’s post-test and Student t-test were performed, with statistical significance set at p ≤ 0.05.

RESULTS AND DISCUSSION

EXTRACT OBTAINING

Increasing concentrations of pitaya peel were tested under hot water extraction using a reflux 

system. As shown in Figure 1, the extracts at 5% and 2.5% (w/v) were very concentrated and pasty, 

making filtration impossible. The 0.5% concentration, on the other hand, was very dilute. Therefore, 

the 1% w/v concentration was freeze-dried and used for liposome development.
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Figure 1 - Extraction process with diff erent proportions of pitaya peel powder and 
water at (A) 5%, (B) 2.5%, (C) 1% and (D) 0.5% (w/v).

A B C D

LIPOSOMES CHARACTERIZATION

Lipid vesicles can exhibit diff erent behaviors in vitro and in vivo, and their characterization is a 

relevant step for their application in the therapeutic, cosmetic, and/or food industries. Table 1 presents 

the characterization data of liposomes in the presence or absence of aqueous extract of pitaya peel.

Table 1 - Evaluation of particle size, polydispersity index, and zeta potential of the prepared liposomes.

Particle size (nm) Polydispersity index (PdI) Zeta potential (mV)
Initial time

Pitaya liposome 287.46 ± 54.38 0.53 ± 0.10 -37.99 ± 4.18
Plain liposome 275.91 ± 44.06 0.50 ± 0.10 -36.10 ± 7.45

30 days (21 - 25°C)
Pitaya liposome 279.60 ± 22.58 0.45 ± 0.01 -39.49 ± 2.59
Plain liposome 577.30 ± 46.31# 0.49 ± 0.06* -45.03 ± 3,11#

30 days (2 - 8ºC)
Pitaya liposome 287.33 ± 27.79 0.56 ± 0.13 -42.03 ± 9.15
Plain liposome 562.85 ± 9.73# 0.42 ± 0.28*  -48.80 ± 4.16#

Results are expressed as MD ± standard deviation. * Indicates statistical diff erence between liposomes by 
Student’s t-test (p≤0.05). # indicates statistical diff erence by paired t-test concerning initial time.

Initially, the particle size obtained for liposomes containing pitaya peel extract was 287.46 

± 54.38, and for plain liposomes it was 275.91 ± 44.06 immediately after preparation. There was no 

signifi cant diff erence between the groups, and this parameter did not change signifi cantly in lipo-

somes containing pitaya extract. On the other hand, plain liposomes increased in size under both 

storage conditions, indicating instability over time. Previously, a signifi cant increase in liposome 

size over time was reported for plain liposomes compared to those containing a phenolic-rich extract. 

The researchers suggested that this increase could be due to system instability, such as particle ag-

glomeration (Cassini et al., 2025) In fact, the interaction of phenolic compounds with the lipid bilayer 
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may contribute to the stabilization of the liposomal system, as previously reported in phenolic-con-

taining liposome models (Malekar et al., 2016) Moreover, the particle size values obtained corrobo-

rate the literature, where liposome sizes have been reported to be greater than 200 nm (Machado et 

al., 2019; Manconi et al., 2016). The technique used in the present study was sonication, which serves 

to remove possible lamellar particles from the liposomes and homogenize the size of the vesicles. 

Therefore, it can be inferred that the preparation method was adequate.

In the present study, the results seem to indicate that the liposomes obtained are unilamellar. 

As observed by Wang et al.(2022)its application is restricted because of its characteristics, such as ex-

tremely low water solubility, bioavailability, and easy degradation. Currently, flexible nanoliposomes 

have gained increasing interest as a biocompatible polymer for applications such as transdermal drug 

delivery. We prepare amphiphilic hyaluronic acid (HA in the study carried out with moringa seeds, 

the liposomes had an average size of 193 nm. Sklenarova et al. (2023) in turn, obtained oleuropein 

liposomes with an average size of 137 nm. On the other hand, (Hosseini et al., 2023) a study with 

Salvia hispanica, found that the liposomes formed had an average size of 59.23 nm. These differences 

in size can be attributed to the type of lipid composition of the liposomes, as previously discussed by 

(De Luca et al., 2023).

The PdI represents the homogeneity of the particle size distribution. When values are less 

than 0.1, they indicate low dispersion, i.e., homogeneity (Păvăloiu et al., 2020). In the present study, 

the PdI found was 0.45, indicating heterogeneity, and, like the particle size, the PdI did not change 

significantly, indicating stability. However, after 30 days, at 21-25 °C, the PdI of liposomes containing 

pitaya extract was lower than that in plain liposomes, while in the same period at 2-8 °C, it was higher 

in liposomes containing pitaya extract. (Lin et al., 2021) finding a PdI of 0.26 in liposomes contain-

ing red pitaya betacyanins extracted with acidified ethanol, lower than that found in the present study.

Zeta potential reflects the surface charge of particles, which is influenced by changes in the 

interface with the dispersing medium due to the dissociation of functional groups on the particle sur-

face or the adsorption of ionic species present in the aqueous dispersion medium. High zeta potential 

values with the same sign provide repulsion between molecules, preventing them from aggregating 

and contributing to stability over time (Schaffazick et al., 2003). Therefore, zeta potential is an impor-

tant indicator of liposomal suspension stability. In the present study, a strongly negative zeta potential 

was obtained, and there were no significant changes after 30 days of storage in liposomes containing 

pitaya extract. It is important to highlight that none of the formulations presented a zeta potential 

close to zero, indicating stability during the study period (Table 1).

Previous studies with plant active ingredients found zeta potentials similar to those of the 

present study. The hydroethanolic extract of Prunus spinosa in liposomes, for example, presented a 

zeta potential of -47 (De Luca et al., 2023), and the study by (Hosseini et al., 2023) with ethanolic 

extract of Salvia hispanica in liposomes, which presented a zeta potential of -44.47.
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STABILITY ASSESSMENT - PH EVALUATION

The pH was evaluated during 30 days under two temperature conditions: 21 -25 °C and 2 - 8 

°C, and the samples were evaluated over a 7-day interval (Figure 2 A-B).

For the liposome containing pitaya extract, the pH did not undergo significant changes (ΔpH = 

0.21 and ΔpH = 0.24; Figure 2 A-B, respectively). Plain liposome suspension, however, was more un-

stable, exhibiting a variation of ΔpH = 0.53 (Figure 2A) and ΔpH = 0.32 (Figure 2B) from the beginning 

to the end of the experiment, a variation of 1.7-fold.

Figure 2 - pH monitoring in liposome suspensions over storage time.

The evaluation of pH over time in liposomes is little discussed in the literature. This is an 

important parameter, since the lipid composition of liposomes can predict phospholipid oxidation and, 

therefore, alter pH values. In this sense, a previous study found that betacyanins, phenolic compounds 

found in pitaya extract, were retained for longer within the vesicles at pH close to 7.0 and for less 

time at pH close to 3.0 (Lin et al., 2021). Changes in pH over time may indicate sample degradation.  

Thus, it is possible to verify that liposomes containing pitaya extract were stable in this parameter.

STABILITY ASSESSMENT - ENCAPSULATION EFFICIENCY (EE)

EE, a parameter that demonstrates how much of the active is associated with the system, was 

evaluated from time zero, at 21 to 25°C, and at 2 to 8°C. This parameter is important because it deter-

mines the amount of lyophilized pitaya peel extract that was successfully encapsulated.

The recovery of phenolic compounds in the pitaya liposome decreased by 17% after 30 

days when stored at 2 to 8°C (Table 2). This was not observed in the same period between 21 to 

25°C. In parallel, an EE of 44% was found in the pitaya liposome. Other authors have found dif-

ferent association rates in nanosystems containing plant extracts. A study using aqueous extract of  
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Hibiscus sabdariffa associated with multilamellar liposomes reported encapsulation efficiency of ap-

proximately 70% (Gibis; Zeeb; Weiss, 2014). Similar results were described by Manconi (2016) in 

liposomes prepared with ethanolic extract of Citrus limon (EE of 59%) and by (Oskoueian et al., 

2020), who obtained EE of 38% of methanolic extract of Pistacia vera in liposomes. Therefore, the 

encapsulation efficiency of the lyophilized pitaya peel extract would be in line with data already found 

in other similar studies. Further optimization is needed to address the loss of efficacy observed in the 

pitaya liposome after 30 days.

Table 2 - Recovery of total phenolic compounds and encapsulation efficiency of  
liposomes containing lyophilized pitaya extract.

PC recovery (%) Encapsulation efficiency (%)
30 days 30 days

 Initial time 21 - 25°C 2 - 8ºC Initial time 21 - 25°C 2 - 8ºC
Pitaya liposome 108.80 ± 1.91 111.40 ± 3.20 91.27 ± 3.34# 44.27 ± 2.24 29.73 ± 1.47# 27.52 ± 1.86#

PC: phenolic compounds. Results are expressed as MD ± standard deviation.  
#indicates statistical difference by paired t-test comparing time.

LIPID PEROXIDATION

Oxidative damage to lipids was monitored using the TBARS assay, which was evaluated at 

time zero and after 30 days (Table 3). Initially (time zero), lipid peroxidation of pitaya peel extract, 

when associated with liposomes, was 4.62 ± 1.04, and after 30 days, there was a 24% reduction when 

stored at 21-25°C and a 43% reduction at 2-8 °C. This reduction in lipid peroxidation did not occur 

in the plain liposomes and is likely due to the antioxidant action of the phenolic compound, which 

protects vesicle lipids against oxidation. The presence of polyphenols in pitaya extract may aid in the 

stabilization of liposomes, possibly through interactions with the lipid bilayer that promote greater 

phospholipid packing, less aggregation, and protection against oxidation, as demonstrated byMalekar 

et al. (2016) , in liposomes containing phenolic compounds. 

Table 3. Lipid peroxidation of liposomes immediately after preparation and  
after 30 days of storage at different temperatures.

TBARS (nmol/mL)
30 days

Initial time 21 - 25°C 2 - 8ºC
Pitaya liposome 4.62 ± 1.04 3.51 ± 0.79 2.60 ± 0.76#
Plain liposome 2.67 ± 1.33* 3.36 ± 0.55# 2.57 ± 0.76

 Results are expressed as MD ± standard deviation. * Indicates statistical difference between pitaya liposomes and 
plain liposomes by Student’s t-test (p≤0.05). # indicates statistical difference by paired t-test concerning time zero.

A previous study also demonstrated that a liposome containing phenolic-rich extract from 

Thymus serpyllum possesses efficacy in mitigating lipid peroxidation by TBARS assay (Jovanović  
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et al., 2025). Similarly, Cassini et al. (2025) reported that liposomes containing phenolic-rich extract 

from Araucaria angustifolia bracts showed a decay in lipid peroxidation along the storage period 

compared to plain liposomes, thus corroborating our results. The control/reduction of lipid peroxida-

tion in liposomes may be associated with the antioxidant activity of the associated active ingredients. 

Therefore, to better understand this result, the antioxidant activity of liposomes containing pitaya 

extract was monitored.

ANTIOXIDANT ACTIVITY

The ability of a substance to donate electrons to the free radical DPPH explains its antioxidant 

activity. In the present study, this parameter was evaluated (Table 4).

Table 4 - Evaluation of the antioxidant activity of liposomes containing lyophilized extract of pitaya peel.

DPPH (%)
30 days

Initial time 21 - 25°C 2 - 8ºC
Pitaya liposomes 12.06 ± 1.61 12.05 ± 0.60 10.73 ± 2.51

Results are expressed as MD ± standard deviation.

The antioxidant activity of the liposome containing the extract remained stable throughout 

the storage period under both tested temperature conditions. This indicates that the suspension main-

tained its antioxidant capacity effectively over time. However, despite its stability, the formulation did 

not show strong antioxidant activity. This may be attributed to the relatively low concentration used 

(2.5 mg/mL) of extract. Therefore, increasing the extract concentration may enhance its antioxidant 

potential, warranting further studies with higher doses.

CONCLUSIONS

In this study, liposomes containing aqueous pitaya extract were produced to protect its pheno-

lic compounds. The preparation method was found to be suitable for combining the lyophilized pitaya 

peel extract. However, improvements to the suspension are needed, as, despite its stability, the results 

showed low encapsulation efficiency, resulting in low antioxidant activity.

Further research, altering the extract: solvent and extract: lipid ratios, is needed to increase 

encapsulation efficiency and the suspension’s antioxidant performance.
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