
118

XXI International Conference on Bioencapsulation
Contribution P-10

Influence of drying technologies on encapsulation of green tea catechins in liposome carriers  
 
 

Souza, C.R.F; Secolin, V.A.; Oliveira W.P. 

Fac Ciências Farmacêuticas de Ribeirão Preto, Univ São Paulo, Brazil (souzacrf@gmail.com) 
 

 

INTRODUCTION 
 
Plant based products have been widely used in several 
applications, such as nutraceuticals, natural 
antioxidants and preservatives, natural pesticides, and 
so on.  However, some bioproducts present some 
problems such as instability in aqueous medium, low 
bioavailability, unpleasant taste and smell, which can 
restrict their commercial use. The microencapsulation, 
where the bioactive compound is surrounded or 
entrapped by/in another material, such as polymer, 
carbohydrates, lipids alone or in mixtures, is a 
technology that can be used to generate stable forms, 
providing easy handling (solid form), longer shelf life, 
and in some cases solving solubility problems (Saraf 
2010). Currently, encapsulation in liposomal carriers 
is receiving significant attention, since these materials 
are biocompatible and mimics the biological 
membranes, could protect the active and increases the 
bioavailability in the target tissue. Liposomes can be 
manufactured by several methods, and in general the 
product is presented in liquid form. The dehydration 
of liposomal compositions containing bioproducts is 
an emerging technology, which can generated a dried 
product with improved product properties, such as 
high bioavailability and stability (Sashi, 2012). Low 
(freeze drying) or hot (spray drying) temperatures 
drying processes can be used. The method and 
processing conditions can generate products with 
distinct physicochemical properties (e.g. morphology, 
porosity, encapsulation efficiency, water activity, 
solubility and particle size distribution), which can 
affect product functionality (Oliveira 2009). Hence, 
the study of drying technologies and their influence on 
the properties of the microparticles generated from 
liposomal carriers is an innovative and relevant 
research subject. The aim of this research was to 
evaluate three distinct drying technologies (spray 
dryer - SD, spray freeze drying - SFD and freeze 
drying - FD) in the encapsulation of bioactive 
compounds of Camellia sinensis (catechins and 
caffeine) in liposomal carriers, evaluating the 
encapsulation efficiency and physicochemical 
properties of the microparticles. 
 
MATERIALS AND METHODS 
 
Material Green tea (Vale do Ribeira, SP, Brazil); 
Phospholipon®90H, (PCH), (Lipoid); Cholesterol 
(Sigma); Lactose (M-200 Natural Pharma); Tween 20 
(LabSynth); Triton-X (Vetec); Buffer phosphate. 
 
Experimental procedure Extraction of the green tea 

polyphenols was carried out by dynamic maceration 
with ethanol:water at 70%, plant to solvent ratio 1:10 
(mpl:msol), extraction temperature of 60 °C during 60 
minutes. Extractive solution was filtered, concentrated 
and lyophilized. The lipid dispersion (LCV) was made 
with PCH90, cholesterol, lyophilized extract of 
Camellia sinensis, Tween 20, lactose and buffer 
phosphate pH 7.4 at 80°C (q.s.p 100%), ratio 
8:1:2:2:13. Three drying technologies were used: SD 
(Lab Plant SD-05), SFD and FD (Thermo Fisher 
Micromodulyo-115). SD parameters was fixed as feed 
rate 4g/min, inlet temperature 100 °C, drying gas flow 
rate 60 m3/h, presure and spray gas flow: 5kgf/cm2 and 
17 lpm. SFD was conducted by atomizing the LCV 
through a 1mm diameter nozzle in liquid N2 at spray 
gas flow of 0.5 lpm and pressure of 3.5 kgf/cm2; while 
in the FD the LCVs was frozen at -80°C for 3 hours. 
The frozen samples were submitted to lyophilization 
for 24 hours.  
 
Product properties Encapsulation Efficiency (EE) of 
the dried powders was determined as follows: EE% = 
(m1 – m2)/ m1 x 100, where: m1 is the amount of total 
of active and m2 the amount of free active in the LCV 
solution. A sample of 78 mg of LCV was mixed with 
5 mL of ultrapure water and water:Triton-X (10:1) for 
30 minutes and centrifuged at 3500 rpm for 5 min. 
The supernatant was filtered and analyzed by HPLC 
with reverse phase C-18 column (Shimadzu). 
Injection volume was 20 µL, flow rate of 1 mL/min 
and oven temperature of 25 °C. Epigallocatechin 
gallate (EGCg), epicatechin gallate (ECg) and 
caffeine (CAF) was monitored at a wavelength of 280 
nm. Microparticles morphology was monitored in a 
scanning electron microscope Inspect F-50 (FEI, 
Nederland) set at 5KV. Size distribution was 
measured by optical microscopy in an Olympus 
BX60MIV. Photographs were analyzed with the aid of 
the Image ProPlus v7.0 software. Product solubility 
was performed by dissolving 100 mg of the samples 
in 10 ml of water, stirring for 10 min at 900 rpm, 
centrifuged for 5 minutes at 3500 rpm, and 
determination of soluble solids at 105 ° C for 5 hours. 
 
RESULTS AND DISCUSSIONS 
 
Encapsulation Efficiency Encapsulation Efficiency is 
an important parameter because it indicates the 
amount of encapsulated bioactives in the 
microparticles. The biomarkers were EGCg, ECg and 
CAF. The results are presented Table 1. Only a small 
parcel of encapsulated catechin was release by using 
Triton-X, while the largest portion remains strongly 
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linked to the lipid, in agreement with results reported 
in the literature (Nakayama 2012). Therefore we 
defined the encapsulation efficiency and the portion of 
strongly linked bioactives (PSL). The presence of PSL 
is an interesting result, for example, for applications in 
drug delivery systems. 
 

Table 1: Encapsulation Efficiency of the 
biomarkers by drying process. 

 

Marker 
SD SFD FD 

EE 
( % ) 

PSL 
( % ) 

EE 
( % ) 

PSL 
( % ) 

EE 
( % ) 

PSL 
( % ) 

EGCg 94 71 84 74 94 68 
CAF 29 30 18 20 17 15 
ECg 87 44 96 49 84 44 

 
Microparticles morphology Figure 1 shows 
photomicrographs of the microparticules. SD 
produced rounded and smooth surface microparticles. 
In SD, the atomized droplet is expose to temperature 
and heat, causing water evaporation, shrinkage  of 
atomized droplet, without changing in shape. The 
external surface is most expose to heat, forming a 
plastic crust and of low porosity. In FD, more porous 
and irregular particles were generated. In this process 
the product structure remains motionless (frozen 
state), not shrinking as occurr in SD. The water 
sublimation causes the pore formation, resulting in 
heterogeneous surface. SFD lead to formation of a 
less agglomerated particles, but of similar structure of 
FD ones. The instantaneously frozen of atomized 
droplets by the liquid N2, leads to the formation of ice 
crystals throughout the particle. These ice crystals are 
removed by sublimation during the lyophilization 
step, resulting in the formation of a large number of 
pores in the microparticles. In this case, it is reported 
that the particle size is influenced by the distance 
between the atomizer and the liquid nitrogen (Sharma 
2013). 
 
Particle size distribution The size of the 
microparticles for SD, SFD and FD were 9.1±6.2�m, 
26±22�m and 26±23�m. As expected SFD and FD 
generated microparticles of similar size, near 3 times 
bigger than the SD ones. Particle size affects several 
factors such as dissolution rate and capacity 
resuspension of the product.  
 
Solubility The solubility of the SD product was 
73.3±7%, 71.5±2% and 72.2±4 respectively for the 
FD and SFD microparticles, thus showing no 
significant statistical differences. 
 
CONCLUSION 
 
The results here reported show low encapsulation 
levels for CAF (17 – 29%). High encapsulation levels 
were observed for catechins, with an average value of 
90±5.8% for EGCg and 89±6.2% for ECg. Solubility 

of SD, FD, SFD products were 73.3±7%, 71.5 ±2% 
and 72.2±4%. On the other hand, particles 
morphology and size distribution suffered effect of the 
particle formation process. SF and SFD microparticles 
were porous and larger (26 ± 2 mM) when compared 
to SD, which present a mean size of 9.1 ± 6.2µm. The 
results of this work suggest the superiority of SD for 
encapsulation of green tea catechins in liposome 
carriers, considering cost, versatility, and facility of 
operation and scale-up,  
 

 
 

Figure 1: SEM of the microparticles obtained by 
SFD (A), FD (B) and SD (C). 
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