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Liquid crystal systems (LCSs) have interesting cosmetic applications because of their ability to increase 
the therapeutic efficiency and solubility of active ingredients. The aim of the present research was to 
develop green tea glycolic extract-loaded LCSs, to characterize and to perform microbiological control. 
The ternary phase diagram was constructed using polysorbate 20, silicone glycol copolymer (SGC) - 
DC 193®, and distilled water with 1.5% glycolic green tea extract. The systems were characterized by 
polarized light microscopy. Formulations selected were characterized as transparent viscous systems and 
transparent liquid system indicated mesophases lamellar structure. The results of the microbiological 
analysis of mesophilic aerobic microorganisms (bacteria and fungi) revealed that the above formulation 
showed a biologic load <10 CFU/mL in all samples. In conclusion, liquid crystalline systems that have 
presented formation of a lamellar mesophases were developed. Furthermore, the formulation and products 
tested presented the adequate microbiological quality in accordance with official recommendations.

Uniterms: Camellia sinensis/glycolic extract. Liquid crystal systems/cosmetic applications. Liquid 
crystal systems/characterization. Liquid crystal systems/microbiological control. 

INTRODUCTION

Technological developments in the cosmetics 
industry and improved understanding of skin physiology 
have led to the incorporation of several active substances 
that are now commonly used in cosmetic formulations. 
Plant extracts, especially green tea glycolic extract, have 
been recently proposed for different purposes (Gianeti et 
al, 2013).

Green tea, obtained from the plant Camellia sinensis, 
is rich in polyphenols, such as catechins. The most active 
catechin seems to be 3-gallate (-) epigallocatechin. Clinical 
studies show that green tea acts as a chemoprotectant and 
sunscreen agent with activities such as antioxidant, free 
radical scavenging, inhibiting the induction, initiation, 
promotion, and proliferation of carcinogenesis, anti-
inflammatory, antiangiogenic, inducer of apoptosis of 
carcinogen cells, metalloproteinase inhibitor, protector of 
the conversion of benign cells into malignant, and inhibitor 

of DNA damage (Pereira et al., 2009; Yun, Yang, 2015; 
Rodrigues et al., 2016). 

Studies performed by our research group compared 
pomegranate and green tea glycolic extracts (GTGE) in 
formulations and concluded that GTGE possessed greater 
bacterial growth inhibition measured as zone of inhibition 
than the other extracts, suggesting that GTGE has high 
antibacterial activity (Calixto et al., 2012).

With the aim of obtaining final products with 
real benefits that can be perceived by consumers and to 
optimize the sensory attributes of these formulations, 
researchers have resorted to theories and scientific 
experimentations that were unique to the development 
of pharmaceutical preparations. Active substance 
delivery systems that were previously developed for 
pharmaceutical products (e.g., micro- and nanoemulsions 
and liquid-crystalline systems) are currently of interest to 
formulators of cosmetic products because they facilitate 
the diffusion of active compounds, increase stability, 
reduce side effects, can increase the effectiveness of the 
formulation, and improve the appearance of the final 
product (Hosmer et al., 2009). 

L i q u i d  c r y s t a l  s y s t e m s  ( L C S s )  p r e s e n t 
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mechanical characteristics of a liquid (fluidity) and 
optical characteristics of a solid crystal (optical 
anisotropy). They are thermodynamically stable and 
can be classified as either thermotropic or lyotropic 
systems. Thermotropics are formed by arrangement of 
individual molecules (pure substances) and lyotropics, 
by micelles (surfactants mixed with a solvent, usually 
water) (Aouada et al., 2006; Chorilli et al., 2009; 
Prestes et al., 2010; Chorilli et al., 2011; Calixto et 
al., 2014; Oyafuso et al., 2015). It is well known that 
surfactants tend to spontaneously self-associate and 
can form highly ordered aggregates, such as lamellar, 
hexagonal, and cubic liquid crystalline phases, at higher 
concentrations (Fraser et al., ‎2009; Calixto et al., 2014).

LCSs promote the controlled release of active 
substances and the active components are embedded in 
arrays of liquid crystals or formulations containing them. 
They also offer some protection against photo- or thermal 
degradation and can promote increased water retention in 
the stratum corneum, providing increased skin hydration. 
Finally, LCSs promote the sustained release of active 
substances and physicochemical stability of emulsions 
(Formariz et al., 2005; Santos, Rocha Filho, 2007).

Liquid crystals are not generally employed in 
formulations of microbiological preservatives because 
they have large amounts of surfactants that suppress 
the growth of micro-organisms. Moreover, the high 
concentration of oil limits water access, which is one 
of the main causes of antimicrobial action (Oliveira et 
al., 2007).

Thus, considering that such systems generally do not 
contain preservatives, it is extremely important to control 
microbiological growth to ensure a good quality product 
that is free of potentially harmful microorganisms and to 
ensure stability even after continuous use by the consumer 
(Oliveira et al., 2007).

Studying the stability of cosmetic formulations 
is important because it provides indications about 
the behavior of the product at any given time interval 
compared to the environmental conditions that can be 
submitted from manufacturing until the expiration date. 
These studies help to guide the development of appropriate 
formulation and packaging materials and provide support 
for improved formulations. Furthermore, these studies can 
estimate the shelf life of a product, assist in monitoring 
the organoleptic, physicochemical, and microbiological 
stabilities, and provide information about the reliability and 
safety of products (Prestes et al., 2010; ANVISA, 2004).

The aim of the present research was to develop and 
characterize microbiological control of green tea glycolic 
extract-loaded LCSs.

METHODOLOGY

Characterization of the green tea glycolic 
extracts

The evaluation of the presence of phytochemical 
classes was performed using methodologies already 
established in the scientific community (Glory et al., 
2016).

In the Shinoda’s reaction was added to 3 mL of the 
extract, 1 mL of HCl, and two fragments of magnesium 
for the detection of flavonoids. The compounds were 
characterized by the alpha-benzopyrone core changing 
from orange to red.

Ferric chloride was added to 3 mL of glycolic 
extract by adding drop of ferric chloride until a final 
concentration of 4.5%. Ferric chloride (oxidizer) is 
used to characterize polyphenols in general, reducing 
substances that are easily oxidized and staining generated 
products. Positive staining is evidenced by a blue or blue-
green color change.

 Sodium hydroxide (NaOH) solution was added to 
3 mL of extract glycolic solution. The solution acquires a 
yellowish color in the presence of the chromone central 
nucleus or in the presence of a hydroxyl attached to 
aromatic rings. 

To react with the iron salts, 1 mL of the extraction 
solution was combined with 10 mL of water and a 
drop of ferric alum solution to a final concentration 
of 1%. The development of a blue color indicates the 
presence of hydrolysable tannins that reacted with ferric  
chloride. 

10 mL of acetic acid to 10% and 5 mL of lead acetate 
to 10% were added in 5 mL of glycolic extract. The 
precipitate is formed in the presence of tannin branches. 
The acetic acid retains the dissolved catechin-tannins and 
prevents its precipitation (Simões, 2003). 

Development of formulations

The ternary phase diagram was constructed by 
preparing formulations using polysorbate 20 (surfactant), 
SGC (DC 193®) (oil phase), and distillate water plus 
GTGE 1.5% (aqueous phase). The systems were heated 
in thermostatic water bath at 45 °C to promote full 
homogenization. After twenty four hours of stabilization, 
the consistency and aspect of formulations were visually 
verified against a dark background to limit the areas of the 
different systems formation in a transparent liquid system 
(TLS), cloudy liquid system (CLS), transparent viscous 
system (TVS), and phase separation (PS).
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Polarized light microscopy

Only transparent formulations were investigated 
further for the presence of liquid crystal. This investigation 
was performed using polarized light microscopy 
(PLM) with a Motic BA400 Type 102 microscope 
at room temperature (25 ± 1 °C) (Bernegossi et al.,  
2016).

Microbiological quality control

Salmonella spp. (ATCC 19196), Staphylococcus 
aureus (ATCC 25923), Pseudomonas aeruginosa (ATCC 
27853), and Escherichia coli (ATCC 25922) were counted 
along with the total viable aerobic microorganisms to 
estimate the mesophile aerobic microorganisms present 
in the samples (Oliveira et al., 2013; Koneman et al., 
2001; USP, 2008). The presence of these microorganisms 
indicates microbial contamination in pharmaceutical and 
cosmetic finished products and can cause physical changes 
in the formulation (Oliveira et al., 2013; Shaikh, Jamshed, 
Shaikh, 1988).

Aliquots of the formulations were transferred 
to specific culture environments to determine the 
total number of microorganisms and the presence of 
the previously mentioned bacteria. In these analyses, 
representative samples of the product content were 
analyzed in accordance with methods recommended 
by the United States Pharmacopeia (USP, 2008). The 
analyses were made in triplicates for each formulation. 
The formulations subject to microbiological control were 
stored in aseptically clean containers, far from humidity 
and light, in cool and aired places, according to the 
Brazilian Pharmacopoeia (Oliveira et al., 2013; Brazilian 
Pharmacopoeia, 2010; USP, 2008).

Estimating the number of viable microorganisms

Viable fungal and mesophilic bacteria in the 
formulas were determined by the pour-plate method. 
Small aliquots (1 mL) of 1:10 and 1:100 dilutions of the 
product in a saline solution were transferred to two series 
of Petri dishes in triplicate. The first set was homogenized 
with 15 mL of Tryptone Soya Agar (TSA) and the 
other with 15 mL of Sabouraud Dextrose Agar (SDA) 
(Difco®). Plates were incubated at 22 ± 2.5 ºC and 32 ± 
2.5 ºC for fungi and bacteria, respectively. The colonies 
grown in these cultures were counted and the number of 
micro-organisms per gram of the product, expressed in 
colony-forming units per gram (CFU/g) (Oliveira et al., 
2013; USP, 2008).

Validation of the method for estimating the 
number of viable microorganisms

Salmonella spp., S. aureus, P. aeruginosa, E. coli, 
Candida albicans, and Aspergillus niger were analyzed. 
For this, 1 mL aliquots of 1:2 and 1:10 dilutions of the 
formulations in a sterile saline solution and 0.5 mL 
of the microbial suspension (containing less than 100 
CFU) were transferred to Petri dishes. The aliquots of 
these formulations were mixed with 15 mL of TSA. The 
assay sequence was the same as the one described for 
determining viable micro-organisms. The control assays 
were also performed in parallel by transferring 0.5 mL 
of each microbial suspension to Petri dishes using 15 
mL of TSA (Bou-Chacra et al., 2005). Petri dishes were 
incubated at 32 ± 2.5 ºC and 22 ± 2.5 ºC for bacteria and 
fungi, respectively. This assay was performed in triplicate 
(Oliveira et al., 2013). 

Research of Salmonella spp. and E. coli

Ten grams of sample were transferred to 90 mL of 
lactose broth to analyze Salmonella spp. and E. coli. The 
culture was incubated at 36 ± 1 ºC for 24 hours. The growth 
of the culture was observed after this interval according to 
the following procedures.

 Salmonella spp .  growth analysis: 1 mL of 
lactose broth was transferred to Petri dishes containing 
tetrathionate broth base and selenite cystine enrichment 
broth. Plates were incubated at 36 ± 1ºC for 24 hours. 
After this period, samples of the tetrathionate broth 
base were transferred to Petri dishes containing brilliant 
green agar, xylose lysine desoxycholate agar (XLD), and 
bismuth sulfite agar. A similar procedure was followed for 
the sample inoculated in the selenite cystine enrichment 
broth. Plates were incubated at 36 ± 1 ºC for 24 hours. The 
growth and characteristics of the colonies were observed. 
The suspicious colonies were sown with a straight handle 
in Petri dishes containing triple sugar iron agar (TSI) and 
incubated at 36 ± 1 ºC for 24 hours.

 E. coli growth analysis: 1 mL of the lactose broth 
was added to Petri dishes containing MacConkey agar. 
Plates were incubated at 36 ± 1 ºC for 24 hours. The 
growth and characteristics of the colonies were observed. 
The suspicious colonies were sown with platinum handles 
in Petri dishes containing Levine EMB agar. Plates were 
incubated at 36 ± 1 ºC for 24 hours (Oliveira et al., 2013).

Research of S. aureus and P. aeruginosa

The samples (10 g) were transferred aseptically to 
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90 mL of tryptic soy broth to analyze the growth of P. 
aeruginosa and S. aureus. The broth was incubated at 36 ± 
1 ºC for 24 hours. Bacterial growth was observed after this 
interval. S. aureus were sown on Petri dishes containing 
Vogel Johnson agar. P. aeruginosa were grown on Petri 
dishes of cetrimide agar. The plates were incubated at 36 
± 1 ºC for 24 hours and the growth and characteristics of 
the colonies were observed (Oliveira et al., 2013).

RESULTS AND DISCUSSION

Characterization of the green tea glycolic 
extracts

The results of the phytochemical characterization of 
the GTGE were shown in Table I.

It is known that green tea is rich in antioxidants 
as flavonoids and tannins (Senger et al., 2010; Leão et 
al., 2016). Proving the presence of these compounds in 
commercial products should be a constant concern. As can 
be seen in Table I, the green tea glycolic extract showed 
positive results for flavonoids and tannins, testifying 
quality.

Development of formulations

It is extremely important to choose components 
that possess desired criteria, such as efficacy, safety, 
stability, and consumer acceptance, when developing new 
formulations. Raw materials are often available in large 
amounts to allow for good sensorial analysis and product 
stability (Ayannides, Ktistis, 2002).

In this study, formulations with high concentrations 
of surfactants were developed to achieve LCSs and 
to improve the efficacy of substance incorporation in 
the formulations. LCSs have been used to improve the 
solubility, bioavailability, and delivery of lipophilic 
and hydrophilic active ingredients (Massaro et al., 
2003; Masson et al., 2005). It has been suggested that 

these systems also act as self-preserving antimicrobials 
(Vasconcelos, Medeiros, Nascimento, 2015).

The system developed comprised SGC - DC 
193® as the oil phase, polysorbate 20 as surfactant, and 
distilled water with GTGE 1.5% as the aqueous phase. 
Silicones are increasingly used in cosmetics because of 
their many advantages, such as non-comedogenicity, film 
formation, skin hydration, good skin feel, and consumer 
acceptance. Thus, the association of liquid crystal and 
silicones will promote formulations that are more stable, 
efficient, penetrating, and retain skin moisture (Chorilli 
et al., 2009).

We observed TVS formation with relatively low 
oil concentration (10%) and a 50% concentration of 
surfactant, thus fulfilling two important requirements, 
because high concentrations of surfactants can lead to 
skin irritation and many oils have comedogenic properties 
(Chorilli et al., 2016).

Figure 1 shows the pseudoternary phase diagram 
produced by the investigated system using SGC - DC 
193®, polysorbate 20, and distilled water with GTGE 
1.5%.

TLSs were only obtained using 40–80% of the 
surfactant mixture (Figure 1). Gursoy and Benita (2004) 
reported that the surfactant concentration necessary to 
form stable LCSs usually ranges between 30-60%. 

In this study, we used polysorbate 20 because of its 
low toxicity and easy stabilization on droplets with small 
diameters (Bartůněk et al., 2015). 

For the studies of PLM and microbiological quality 
control, we selected a region of TVS consisting of 50% 
of surfactant, 10% of SGC - DC 193®, and 40% of the 
aqueous phase, which provides a less greasy feeling in 
contact with the skin, considering its application in the 
facial region.

Polarized light microscopy

The systems obtained show a large number of 

TABLE I - Results of the phytochemical characterization of the green tea glycolic extracts. The symbols (+) indicates a positive 
reaction

Reaction Compound researched Staining Result
Shinoda’s Reaction Flavonoids Dark orange +
Reaction of ferric chloride Flavonoids Dark green +
Reaction with solution of NaOH Flavonoids Brown yellow +
Reaction with iron salts Tannins Transparent blue +
Reaction with lead acetate Tannins Orange with formation of lumps +
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Maltese crosses, indicating lamellar mesophase. The 
maintenance of liquid crystal in TLS and TVS was verified 
30 days after preparation (Figure 2).

The structure of the lamellar mesophase consists 
of Maltese crosses, which are formed by surfactant 
bilayers separated by solvent layers. Systems composed 
by this structure provide promising drug release control, 
according to the literature (Bernegossi et al., 2016). 

Microbiological quality control

Estimating the number of viable microorganisms
The results of the microbial analyses for counting 

mesophilic aerobic microorganisms (bacteria and fungi) 
for the studied formulation and their raw materials. 
The evaluation revealed a microbial load (number of 
contaminating microorganisms on a certain amount of 
material prior to that material being sterilized) of less than 
10 CFU/mL. Such data indicate adequate microbiological 
quality of the tested products according to official 
recommendations by the USP 31. The products (SGC-
DC 193, Polysorbate 20 and GTGE) did not present 
microbial contamination on the three essays (<10 CFU/g). 

Validation of the method for estimating the 
number of viable microorganisms

In a test validation, 80% of microorganisms 
were recovered in both dilutions. In accordance to 
the official recommendation by USP 31, the high 

index of microorganism recovery (higher than 75%) 
in microbiological validation tests shows the absence 
of antimicrobial activity. Hence, the selected method 
for enumerating challenging microorganisms can be 
considered validated.

Research of Salmonella spp. and E. coli

No growth was observed after performing the assays 
for Salmonella spp. and E. coli, thus ensuring the quality 
of the formulations.

FIGURE 1 - Pseudoternary phase diagram produced by the 
investigated system using silicone glycol copolymer - DC 
193®, polysorbate 20, and distilled water with green tea glycolic 
extracts 1.5%. The symbols indicate: ● - transparent liquid 
system, ○ - cloudy liquid system, ∆ - transparent viscous system 
and ▼ phase separation. 

FIGURE 2 - Photomicrographs of samples by polarized light 
microscopy, where: (A) transparent liquid system and (B) 
transparent viscous system.
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Research of S. aureus and P. aeruginosa

No growth was observed after performing the 
assays for S. aureus and P. aeruginosa, thus ensuring the 
safety of the formulations. The results obtained for all 
the formulations suggest that they were approved for use 
regarding their microbiological aspects.

Cosmetic products are divided into two different 
categories: (1) products specifically for children under 
three years of age or for use in the eye area or on mucous 
membranes and (2) other products (Hugbo, Onyekweli, 
Igwe, 2003). For category 1 products, the total viable 
counts for mesophilic aerobic microorganisms must not 
exceed 100 CFU/g in 0.5 g of the product. Furthermore, 
the pathogenic microorganisms P. aeruginosa, S. aureus, 
E. coli, and Salmonella spp. must not be detectable in 0.5 g 
of the product. For category 2 products, total viable counts 
must not exceed 1000 CFU/g in 0.1 g and the pathogens 
mentioned above must not be detectable in 0.1 g of the 
product (USP, 2008).

Formulations for use in regions close to the eyes 
were prepared in this study. Hence, these products 
were classified as type-1 products, which the level of 
acceptable contamination is lower. It was observed that 
the formulations remained below the limits required 
by the USP 31 and resolution of Brazil (USP, 2008; 
ANVISA, 1999). In addition, they did not facilitate the 
growth of pathogens in the culturing assays, confirming 
the microbiological quality of the formulations.

CONCLUSIONS

In conclusion, it was possible to obtain LCSs with 
components chosen by the development of the phase 
diagram in a concentration ratio suitable for topical 
formulations. The region studied (50% of surfactant, 
5% of SGC - DC 193®, and 45% of the aqueous phase) 
showed liquid-crystalline phases of the lamellar type. The 
formulation and raw materials analyzed did not present 
microbial contamination, as evidenced by estimating the 
number of viable microorganisms (<10 CFU/g) and by 
culturing pathogens.
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