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Abstract 
Brazilian flora biodiversity is object of study and research of medicinal plants with healing and 

emollient therapeutic potential. On this basis, Stryphnodendron adstringens (Mart) Coville stands out 

and was the aim for the development and stability evaluation of an emulsified system. The formulation 

was prepared, bottled in plastic and glass containers and stored at room temperature, refrigerator and 

incubator. The accelerated stability test was carried out at T0, T15 days, T30 days and T60 days. And a 

microbiological analysis in accordance with the Brazilian Pharmacopoeia 5th was also performed. 

Results evidenced that the formulation remained stable during the evaluated period, especially at a 

refrigerated environment and bottled in glass container. Regarding microbiological aspects, no 

microorganism’s growth was observed, meeting quality standards. Accordingly, results will serve as a 

subsidy for study continuity and definition of the formulation validity period. 
 

Keywords: Emulsified system, Stryphnodendron adstringens (Mart) Coville, stability, cerrado, Brazil 

 

1. Introduction 

The advancement in scientific investigations regarding human skin has provided the 

awareness that it is more than a simple protective barrier, the skin is an organ of the 

integumentary system with peculiar properties and functions [1]. Relevant scientific and 

technological advancement brought the responsibility of developing innovative and safe 

products [2]. In this context, natural actives with proven effectiveness have been increasingly 

researched [3]. 

Considering the Brazilian flora biodiversity and medicinal plants popular use, there is an 

interest in studying pharmacological properties of various plants. So, pharmaceutical 

industries recognized such importance and have been developing products with medicinal 

plants in recent decades [4]. Ergo, based on the pharmacological characteristics of plants with 

healing and emollient action and therapeutic potential for skin disorders, one stands out, 

Stryphnodendron adstringens (Mart) Coville (S. adstringens) [5]. 

S. adstringens, popularly known as barbatimão, barba-de-timão, borãozinho-roxo, bark-da-

virgindade, uabatimô, abaramotemo, casca-da-mocidade, faveiro and fill-cangalha, is a 

species belonging to the family Fabaceae and the subfamily Mimosoideae, widely distributed 

through the Brazilian cerrado [6]. Botanically, S. adstringens is considered an evergreen 

species with heights ranging from 2 to 8 meters [7]. Phytochemical characterizations showed 

that S. adstringens has as main secondary metabolites alkaloids, terpenes, flavonoids, 

steroids and specially tannins. The large amount of condensed tannins (20% to 50%) arouse 

the industry’s interest for its pharmacological activities, such as antimicrobial [8, 9, 10], 

antiseptic [11], anti-inflammatory [12], antinociceptive [13], anti-ulcerative [14] and healing [15]. 

Due to its versatility and therapeutic potential, S. adstringens was included in the National 

List of Medicinal Plants of Interest to SUS [16] and recommended as healing herbal medicine 

in the Brazilian Pharmacopoeia 5th [17]. Based on its potential, this work aimed to develop and 

evaluate the stability of an emulsified system containing S. adstringens extract. 
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2. Material and Methods 

2.1 Plant obtainment and extract preparation 

S. adstringens leaves were collected in February 2021 at 

Latitude: 16.17469°S; Longitude: 50.30809°W (Figure 1). 

An exsiccate was identified by Professor Dr Edvande 

Xavier dos Santos Filho and deposited in the herbarium of 

the University Center Brasília de Goiás. 

 

 
Source: Authors, 2021. 

 

Fig 1: Botanical structures of S. adstringens: plant (A), leaves (B). 

 

400 g of leaves from S. adstringens were taken to the 

Laboratory of Botany and Pharmacognosy in the University 

Center Brasília de Goiás, weighed and submitted to kiln-

drying (Odontobras EL 1.3) at 40±0.5 °C for 5 days. 

Afterwards, the sample was ground in a Wiley knife micro 

mill (Tecnal TE-648) and 100 g of the ground powder was 

extracted by maceration in 500 mL of 95% methanolic 

solution for 7 consecutive days. The crude extract was later 

concentrated on a rotary evaporator (Quimis Q344M2) at 50 

°C and weighed. Lastly, S. adstringens concentrated extract 

was dried in a hot-air oven (SolidSteel SSB13L) at 50±0.5 

°C for 48 hours and weighed to calculate the yield (%) of 

the concentrated crude extract and after drying [18]. 

S. adstringens glycolic extract was prepared through static 

maceration of 10 g crude extract followed by percolation in 

100 mL of a mixture of 70% propylene glycol (Casa dos 

Químicos, RS, Brazil) in water. The mixture was wetted 

with q.s. of the solvent for 24 hours to allow the extractor 

solvent to pass through the drug homogeneously [19]. 

 

2.2 Emulsion preparation 

As described in Table 1, the hot emulsification method at 40 

°C was applied [20]. By which, the components of each phase 

were heated separately, pouring the aqueous phase over the 

oily one, homogenizing them by means of vigorous 

agitation and, after cooling, including the complementary 

phase. The final preparation volume was 100 mL. 

 
Table 1: The formulation composition. 

 

Components Quantities 

S. adstringens glycolic extract 10 mL 

Butylhydroxytoluene 0,1 g 

Na2 EDTA 1 g 

Polawax® 2 g 

Glycerin 10 g 

Methylparaben 0,6 g 

Propylparaben 0,6 g 

Deionized water q.s. 40 g 

 

2.3 Accelerated stability testing and Determination of 

organoleptic properties 

After preparation, the formulation was subjected to 

physical-chemical and microbiological analyses. Samples 

were bottled in plastic and glass containers and stored at 

room temperature, in a refrigerator (5±2°C) and an 

incubator (37±2 °C). 

The accelerated stability test was carried out in four 

different stages, at times T0 (24 hours after production), T15 

days, T30 days and T60 days), as recommended by the 

Stability Guide for Cosmetic Products [21]. 

The macroscopic aspect can be classified as: paste, gel, 

fluid, viscous, volatile, homogeneous, heterogeneous, 

transparent, opaque or milky; unchanged, slightly separated, 

slightly precipitated, slightly cloudy, separated, precipitated 

or cloudy. As for color and odor, the product can be 

considered unaltered, slightly modified, modified or 

intensely modified [21]. So, the organoleptic characteristics 

were defined by evaluating the macroscopic appearance as 

viscous, homogeneous and opaque; brownish color; woody 

odor; tactile sensation of the emulsion in slightly unctuous 

and pH 4.0 - 6.0. 

 

2.4 Compatibility to bottling material 

2.4.1 Bottling and formulation integrity 

These parameters were established by observing the 

emulsion in the respective bottling during the study period, 

with the aim of recording possible deformities and/or 

significant changes in the formulation in relation to bottling 
[21]. 

 

2.4.2 Content weight 

The weight of the content was determined by weighing the 

full bottles and subtracting the values from the empty 

bottles. Samples analyzed were T0 and T60 days, under the 

three environments and the two bottling types. In addition, 

the maintenance or loss of water by evaporation and volatile 

materials was observed, as well as the declared weight on 

the label [21]. 

 

2.4.3 Seal 

The sealing of the bottles used was manually checked, 

observing how easy it was to open and close them and the 

possibility of leaks [21]. 

 

2.4.4 pH determination 

The emulsion Potential Hydrogen (pH) was determined in 

all samples by Merck® pH-indicator strips. 
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2.4.5 Microbiological analysis 

In accordance with the specifications indicated in the 

Brazilian Pharmacopoeia 5th [17], specific culture media were 

used for the growth of the following microorganisms: Total 

aerobic mesophilic bacteria, Escherichia coli, Pseudomonas 

aeruginosa, Salmonella spp., Staphylococcus aureus and 

Candida albicans. 

Emulsion samples at times T0 and T60 days, stored in plastic 

and glass containers, were distributed on each media 

following the technique of sowing by exhaustion in 

striations. And, for the Plate Count Agar (PCA) culture 

media, the sweeping seeding technique was applied. 

Forthwith, test and control dishes were incubated at 37 ºC 

and analyzed after 24 and 48 hours. 

It is noteworthy that analyzes were performed in triplicate 

and, as recommended, 10% of the media produced were 

used for sterility testing [17, 21]. Herewith, it was guaranteed 

that the methodology used in the media preparation was 

adequate, avoiding a false-positive result from 

microorganisms arising from the culture medium itself. 

 

3. Results and Discussion 

3.1 S. adstringens crude extract obtainment 

The crude methanolic extract from S. adstringens leaves 

produced a yield (w/w) of 20.14%, with an extractives 

content determination of 11.88%. 

 

3.2 Accelerated stability testing, aspect and organoleptic 

properties 
Results obtained in the stability test, aspect, organoleptic 

properties and pH are presented in Table 2. 

 
Table 2: Physicochemical analysis of the emulsified systems containing S. adstringens. 

 

Environment / Parameters 
Formulation bottled in plastic container Formulation bottled in glass container 

T0 T15 T30 T60 T0 T15 T30 T60 

RT 

Aspect NC NC NC SP NC NC NC NC 

Color NC NC NC NC NC NC NC NC 

Odor NC NC NC NC NC NC NC NC 

Tactile sensation NC NC NC NC NC NC NC NC 

pH 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 

R 

Aspect NC NC NC NC NC NC NC NC 

Color NC NC NC NC NC NC NC NC 

Odor NC NC NC NC NC NC NC NC 

Tactile sensation NC NC NC NC NC NC NC NC 

pH 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 

I 

Aspect NC SP SP P NC SP SP P 

Color NC SM SM M NC NC SM M 

Odor NC NC SM SM NC NC SM SM 

Tactile sensation NC M M M NC M M M 

pH 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 4.0-5.0 

Description: Environment (RT: room temperature, R: refrigerator, I: incubator); Aspect (NC: no change; SP: slightly precipitated, P: 

precipitated); Color, odor and tactile sensation (NC: no change; SM: slightly modified, M: modified). 

 

The emulsified system containing S. adstringens freshly 

prepared (T0) presented a viscous macroscopic appearance, 

homogeneous and opaque, slightly brownish, with a woody 

Odor, slightly unctuous to the touch and pH 4.0-5.0. 

It is described that Polawax®, a non-ionic emulsifier, 

manifests a rheological behavior characterized as a time-

dependent non-Newtonian fluid, which classifies it as 

thixotropic. This property establishes that the formed 

emulsion expresses a high viscosity when at rest and 

increasing fluidity when subjected to shear stress over time 
[22]. 

Samples conditioned at room temperature did not undergo 

considerable changes. Only slight surface hardening and a 

slightly precipitated at T60 were observed on the formulation 

bottled in a plastic container. Souza & Ferreira (2010) [23] 

when evaluating the stability of emulsions, also observed a 

slight modification manifested by the surface hardening 

from 15th day on. The authors mentioned this occurred due 

to the loss of hydrophilic components by evaporation during 

heating, which occurred more intensely on the surface, thus 

increasing the concentration of less volatile components, 

which are generally more consistent. 

Samples stored in the refrigerator did not change 

independent of the container they were stored, which 

demonstrates the emulsified system behaved stably at low 

temperatures. The most visible aspect in the samples was 

the maintenance of viscosity and the emulsion lightness to 

touch. According to Aulton (2005) [24], a product storage at 

low temperatures (above the freezing point) can increase its 

viscosity on a continuous phase. However, in the present 

work, this was not observed. The author mentions the 

maintenance of viscosity and kinetic energy, that is, the 

aspect of constancy and the absence of cremation must also 

be considered. 

Related to samples stored at the incubator under a controlled 

temperature of 37 ºC, cremation (cream formation on the 

surface) was observed from T15 onwards. This process 

occurs when dispersed droplets, under the influence of 

gravity, tend to float due to the difference in densities of the 

dispersed and dispersing phases. This occurrence is 

common in oil-in-water (O/W) or water-in-oil (W/O) 

emulsions, when the internal phase has a lower density than 

the external one. Even though it is reversible, and can be 

restored by mechanical agitation, an emulsified system 

under the creaming process can change the uniformity of the 

active concentration and even become aesthetically 

unacceptable [25, 26]. Furthermore, in the two conditioned 

containers, the emulsion color was modified on the surface 

due to cremation; the odor was changed and, especially, the 

tactile sensation was altered by the more apparent oily 

perception. 

It is known that the pH of a pharmaceutical form has 

therapeutic importance for topical treatment [27]. Related to 

pharmacotechnical specification, emulsions must present the 
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pH according to the purposes for which they were 

formulated, keeping the value between 4.0 and 7.0, since the 

skin pH has values between 4.5 to 5.5 [28]. Therefore, it was 

noted that in all analyzes of the emulsified system 

containing S. adstringens, the pH did not change, always 

remaining between 4.0 and 5.0. 

 

3.3 Compatibility with bottling material 
By reason of direct contact with the formulation, containers 

are decisive in the product stability since they must not 

interact with each other, physically or chemically. If that 

occurs, there may be a compromise in the product quality, 

as well as in the concentration or purity of the bottled 

formulation [26]. Glass has qualities for bottling products, as 

it is a rigid, resilient material that does not deteriorate over 

time and is considered chemically inert. Plastic, on the other 

hand, can show permeability to atmospheric oxygen and 

humidity, leaching (ingredients transfer from the container 

to the stored product), active sorption to the plastic 

packaging, in addition to being more susceptible to external 

interference [27]. On that account, the alterations that 

occurred in this study are justified, such as loss of water by 

evaporation and the droplets found in some samples 

conditioned in the incubator, more accentuated on those 

conditioned for a longer time (T60 days). 

 

3.4 Bottling and formulation integrity 

Bottling must provide adequate stability for carrying out 

studies and, thereby, provide information about the physical 

and chemical characteristics of the container, lids and other 

packaging components for the proposed product [25]. 

Accordingly, the integrity of the bottle was reflected in the 

stability of the formulations here, since they did not exhibit 

apparent changes such as deformation, softening or other 

factors that could affect their integrity. 

 

3.5 Content weight 

Emulsions bottled in plastic, aluminum or glass containers 

when well-sealed – prevent the product’s water evaporation. 

Therefore, sealing becomes one of the interfering factors in 

reducing the weight of an emulsified system over time. 

However, when subjected to elevated temperature 

environments, they tend to accelerate the physicochemical 

reactions, altering emulsion stability [20]. The results 

obtained in this study reveal that, when comparing the 

average weight T0 and T60 days, the greatest loss occurred in 

the samples conditioned in the incubator, with values of 

11.84% for the formulation bottled in a plastic container and 

9.26% for the formulation bottled in glass container. In view 

of this, it is considered that the slight modification (surface 

hardening) was a result of components hydrophilic loss by 

evaporation during storage. Corroborating these facts, in the 

emulsions stored in the refrigerator, the smallest water loss 

due to evaporation was observed, with values of 3.88% for 

the formulation bottled in plastic container and 1.73% for 

the formulation bottled in glass container. And, at room 

temperature, the variation in weight loss was 6.14% for the 

formulation bottled in plastic container and 2.29% for the 

formulation bottled in glass container. 

 

3.6 Seal 

Conforming to Loyd (2013) [25], containers are classified 

according to their ability to protect the contents from 

external conditions. The alterations verified in the 

emulsified systems bottled in plastic containers suggest that 

the sealing in these packages may have been a limiting 

factor in this research. Plastic bottling protected the 

formulation from foreign solid particles, but did not prevent 

oxygen permeation and, therefore, loss of water by 

evaporation. The emulsified system containing S. 

adstringens bottled in glass container demonstrated greater 

stability. 

 

3.7 Microbiological analysis 

Table 3 determinates microbiological analysis results with 

the readings performed after 24 and 48 hours of incubation, 

at both established times (T0 and T60 days). It is observed 

that there was no growth of any of the microorganisms 

surveyed, demonstrating that time and humidity were not 

factors capable of influencing bacterial and fungal 

proliferation. 

 
Table 3: Microbiological growth of the emulsified systems containing S. adstringens. 

 

Microorganism Culture media 
Formulation bottled in 

plastic container 

Formulation bottled in 

glass container 

Total aerobic mesophilic bacteria Plate Count Agar negative negative 

Escherichia coli Eosin Methylene Blue Agar negative negative 

Pseudomonas aeruginosa Salmonella-Shigella Agar negative negative 

Salmonella spp. MacConkey Agar negative negative 

Staphylococcus aureus Manitol Agar negative negative 

Candida albicans Sabouraud Agar negative negative 

 

An ideal system should contain preservatives that are 

effective and stable in different pH ranges, compatible with 

other components and quick in inactivating microorganisms, 

consequently preventing deterioration caused by 

microorganisms from altering physical and chemical 

characteristics of the product [29, 30]. In the present study, it 

was observed that the selected preservatives were efficient 

and ensured the formulation to maintain adequate 

conservation. 

At the end, it is noteworthy that, due to the antiseptic and 

antimicrobial properties attributed to S. adstringens, there is 

the possibility that it inhibited the growth of 

microorganisms during the analysis [5, 18]. Several studies 

have investigated and demonstrated the potential 

antimicrobial and antiseptic activity of S. adstringens [8, 9, 10, 

11, 31], and the main compounds produced by its secondary 

metabolism and identified as responsible for its biological 

activities are alkaloids, terpenes, flavonoids, steroids and 

tannins, the latter being its predominant constituent [32; 33]. 

 

4. Conclusion 

The emulsified system containing Stryphnodendron 

adstringens (Mart) Coville (Fabaceae) extract from the 

Brazilian cerrado were well developed and remained stable 
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during the evaluated period, especially in a refrigerated 

environment and bottled in glass container. Regarding 

microbiological aspects, no microorganism’s growth was 

observed, meeting quality standards. Accordingly, results 

will serve as a subsidy for study continuity and definition of 

the formulation validity period. 
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