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ABSTRACT
Background: Plectranthus amboinicus Lour is a species which is 
widespread throughout tropical countries where it is widely used 
against respiratory tract disorders such as bronchodilator, antitussive, 
and expectorant conditions. Objective: This study aims to characterize 
the essential oil of P. amboinicus (PaEO) and produce and evaluate 
emulsions containing PaEO. Materials and Methods: The essential oil 
was characterized by physical-chemical analyses for density, refractive 
index, 90% ethanol solubility, color, appearance, and identification by gas 
chromatography coupled to mass spectrometry detection. The emulsions 
were prepared following a hydrophile-lipophile balance [HLB] spreadsheet 
design from two nonionic surfactants (Span 80® and Tween 20®) producing 
HLB values ranging from 4.3 to 16.7. The products were stored at room 
temperature at 5°C. The emulsion stabilities were tested both in the long 
and short-term. Results: The PaEO was obtained by steam distillation 
and the total extraction was reached after 3 hours yielding of 0.2% 
(w/w). This essential oil was characterized by physicochemical analyses 
for density [1.5 g.ml-1], refraction index [0.9167], ethanol 90% solubility 
[1:2], color, and appearance (yellow/clear). Nineteen components were 
identified in the oil, among them the sesquiterpenes: carvacrol [33.50%], 
p-cymene [28.20%] and γ-terpinene [14.77%]. The emulsions obtained 
successfully showed, for the first time, HLB values for essential oils from 
 Plectranthus amboinicus [15.7]. Conclusion: The experimental data shows 
a relationship between HLB values of the surfactant mixtures contributing 
to the emulsified systems production containing phytopharmaceuticals. 
Such an approach is of great importance to the development of lipid 
carriers for therapeutic drugs.

Key words: Plectranthus amboinicus, carvacrol, essential oil, emulsion, 
stability 

SUMMARY
• The essential oil from leaves of Plectranthus amboinicus was extracted by 

steam distillation and characterized.
• The emulsions containing essential oil were produced and the stability was 

performed in the short and long term.
• The critical hydrophilic-lipophilic balance (HLB) of the essential oil was 15.7 and 

was achieved by the combination of surfactants (Tween 80® and Span 20®).

Abbreviations used: PaEO: essential oil of P. amboinicus, HLB: hydrophilic-
lipophilic balance, CI: Creaming Index, MET: 
micro-emultocrit technique

INTRODUCTION
The species Plectranthus amboinicus Lour, also known as Plectranthus 
aromaticus, Coleus aromaticus and Coleus amboinicus, is a herbaceous 
plant. It is perennial, succulent and aromatic with brittle stems and ovate 
succulent leaves, an acute apex, toothed edges, and a thick petiole. This 
species is native to eastern Asia and it is widespread throughout the 
tropical countries.[1]

P. amboinicus is widely used in Brazil in the treatment of diseases such 
as asthma, superficial mycosis, cancer, constipation, headache, cough, 
colds, fever, and digestive diseases.[2-6] The literature also reports that the 
essential oil of the P. amboinicus acts as an antifungal and antibacterial 
agent.[7,8] The essential oil of P. amboinicus presents a rich composition in 
mono and sesquiterpenes. In several studies, the carvacrol is reported  to 
be the major component in a concentration ranging from 40 to 90%.[6,9,10,11]  
Furthermore, other constituents have been reported such as eugenol, 

methyl chavicol, β-caryophyllene, ρ-cymene, α-humulene, γ-terpinene, 
and 1.8-cineole.[8,12]

Owing to its technological development, the emulsified systems 
containing essential oil, remain a challenge due to the volatility and 
instabilities and solubility of essential oil.[13] In this way, the development 
of emulsions as carriers of essential oils demonstrates several benefits 
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such as the ability to hide unpleasant flavors so they can be administered 
in a palatable form, and also to improve the oral bioavailability.[14,15] 

Additionally, emulsions are widely used in cosmetic and pharmaceutical 
formulations due to excellent topical administration of hydrophilic and 
lipophilic active ingredients.[16]

This study is aimed to produce and evaluate nonionic O/W emulsions 
based on the essential oil from leaves of Plectranthus amboinicus. For 
this proposal the physicochemical and phytochemical characterizations 
of the essential oil were performed. To produce stable O/W emulsions, 
the HLB system was used to determine the HLB of the essential oil.

MATERIALS AND METHODS
Plant material
A voucher specimen of the plant was identified and deposited in the 
Herbarium Lauro Pires Xavier of Federal University of Paraíba, with the 
reference numbers JPB 85943 and JPB 85944.

Extraction and characterization of the essential oil 
from p. amboinicus
The fresh leaves of P. amboinicus were extracted by steam distillation 
using the Linax extractor (model D2 Mini, São Paulo, Brazil). The leaves 
were transferred to the reservoir, which features a continuous water cycle 
coming directly from the water system. This water was not in contact 
with the sample, the water vapor was  passed through the reservoir, 
which contains the leaves, and drags down the volatile constituents. The 
samples were stored in glass vials under refrigeration to prevent possible 
losses of volatile constituents. Different extraction times [1 to 6 h] were 
used to optimize the estimate of the best yield.

Physical properties of the P. amboinicus essential oil 
(PaEO)
Relative density
The relative density was determined by calculating the ratio between the 
mass and the volume of the sample at 20°C (Eq. 1), used in the previously 
calibrated 5ml pycnometer with distilled water at 20°C. The analysis was 
performed in triplicate.

=d m
v

(Eq.1)20
20

Where: d = density (g.ml-1); m= mass and v = volume

Refractive index
The refractive index was determined by using a Reichert refractometer 
[AR-200, California, USA]. The oil samples were put directly over the prism 
of the refractometer at 25ºC. The analysis was performed in triplicate.

Solubility
A solution of ethanol in water 90% (v/v) was used to determine the 
essential oil solubility. To maintain the constant volume of essential 
oil (0.5 ml), an alcoholic solution was added in equal quantities to the 
essential oil until the complete solubilization of the essential oil was 
achieved.[17] The analysis was performed in triplicate.

Gas chromatography - mass spectrometry analyses
The identification of the PaEO components was performed by gas 
chromatography coupled to mass spectrometry detection in Ultra 
GC-MS (Shimadzu, Kyoto, Japan). The autosampler was an AOC-
20 series injector (Shimadzu), the gas chromatograph was a GC-2010 
Plus (Shimadzu), the mass spectrometer was a GCMS-QP2010 Ultra 
(Shimadzu) and ion trap detector (MS, model 4000) (Shimadzu), with 
electron ionization-mass spectrometry (EI-MS 70 eV). The analysis 

was developed in a Rtx®-5MS (Restek, Bellefonte, PA, USA) capillary 
column (Shimadzu), 30 m long, with a 0.25 mm thickness and 0.25 
mm i.d. with Helium at 1 ml/min as carrier gas. Temperature program: 
injector at 250ºC with a column-oven from 60 to 240 ºC at 3 ºC /min. The 
retention index (RI) was calculated for all the volatile constituents using 
an n-alkane homologous series, ranging from C8 to C40, using a linear 
temperature programmed equation.[18] The individual components 
were identified by comparing the mass spectra and GC retention data 
with those of authentic compounds previously analyzed and stored in 
the database from the National Institute of Standards and Technology 
(NIST). The interpretation of RI values was assisted by the FFNSC 
(Flavor and Fragrance Natural and Synthetic Compounds) Library.[13]

Development and evaluation of emulsion systems 
containing PaEO
Hydrophilic-lipophilic balance spreadsheet design
The emulsions were prepared following the spreadsheet design shown 
in Table 1. This spreadsheet includes two surfactants: one of a lipophilic 
nature [Span 80®, HLB=4.3] and the other of a hydrophilic nature [Tween 
20®, HLB=16.7]. The final HLB value of each system varied according to 
the relative proportion of each surfactant.[19]

Preparation of the emulsions
The emulsions were obtained by the phase inversion temperature 
method.[19] The preparation of W/O emulsions by the PIT method is a 
widely used technique in obtaining emulsified systems, in particular, 
emulsions containing the essential oil.[20-25] According to studies 
presented by Esquena, Sankar,[26] the PIT method requires the system 
whose phase inversion temperature is above the freezing point of water, 
and below the temperature where degradation of substances occurs. This 
can be achieved by choosing the surfactant with the nonionic appropriate 
HLB value for the system. The oil in water emulsion composition was 
5% (w/w) of PaEO, 2% (w/w) of surfactants, and 93% (w/w) of water. 
Initially, the continuous phase was prepared by dispersing the required 
Tween 20® in distilled water. The dispersed phase was obtained by adding 
Span 80® into the essential oil. Both phases were heated separately to 
70°C and one phase dispersed within the other.  The studies report the 

Formulation TWEEN 20® SPAN 80® Final HLB value

(%) HLB (%) HLB

F1 100.0 16.7 0.0 0.0 16.7

F2 91.9 15.4 8.1 0.3 15.7

F3 83.9 14.0 16.1 0.7 14.7

F4 75.8 12.7 24.2 1.0 13.7

F5 67.7 11.3 32.3 1.4 12.7

F6 59.7 10.0 40.3 1.7 11.7

F7 51.6 8.6 48.4 2.1 10.7

F8 43.5 7.3 56.5 2.4 9.7

F9 35.5 5.9 64.5 2.8 8.7

F10 27.4 4.6 72.6 3.1 7.7

F11 19.4 3.2 80.6 3.5 6.7

F12 11.3 1.9 88.7 3.8 5.7

F13 3.2 0.5 96.8 4.2 4.7
F14 0.0 0.0 100.0 4.3 4.3

Table 1: Design hydrophilic-lipophilic balance according with the surfactant 
composition (%).

F-Formulations; HLB- hydrophilic-lipophilic balance
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use of up to 70°C to obtain emulsions containing essential oil.[11,19,21,22,27-30] 
The final emulsions were obtained after homogenization using an Ultra-
Turrax [IKA, model T-18, Frankfurt, Germany] at 15,500 rpm for 10 
min. Two batches of 14 emulsions with varying HLB values [Table 1]  
were obtained and stored at 25 ± 2°C and 5 ± 1°C in tube assay to 
evaluate the IC. Furthermore, 14 flasks of 50ml each, were stored at room 
temperature to complete the pH and conductivity tests.

Characterization of the emulsions
Creaming index
The creaming rate was determined experimentally by the measurement 
of the creaming index (CI) from Eq.2. The CI values were obtained from 
the ratio between the total height of cream layer (CC) and the total 
height of emulsion layer (CT). CC and CT were measured directly into a 
storage glass flask with the help of a graduate scale.

( )=CI CC
CT

Eq  % . 100 .2
pH
The measurements of pH were obtained from the probe inserted directly 
into the emulsion container at room temperature. The values were 
obtained using a pre-calibrated pH meter (model PG1800, São Paulo, 
Brazil). The analysis was performed in triplicate.

Conductivity
The conductivity was measured by directly inserting the probe into an 
emulsion container at room temperature, using a portable conductivity 
meter [MITE, model CD30] previously calibrated with a standard 
solution of 0.1 N KCl. The analysis was performed in triplicate.

CG-FID analysis
The quantification studies were performed on a Shimadzu Gas 
Chromatograph (model GC-2010 Plus, Kyoto, Japan) equipped with 
a capillary column DB-1 dimethylpolysiloxane (30mx 0.25 mm, 0.25 
micron), and a flame ionization detector was used to analyze the 
samples.[31] The carrier gas was N2 with a flow of 1.3 ml/min., split 1:100, 
injector temperature 260°C, detector temperature 280°C, initial column 
temperature equal to 60ºC heated at a rate of 10°C. min-1 up to 92ºC for 3 
minutes, followed by a heating rate of 10°C/min up to 120°C and a rate of 
20°C/min up to 280°C. The injection volume was 1.0 μl. The calibration 
curve from a commercial sample of carvacrol [Sigma-Aldrich, Chicago, 
IL, USA] was obtained by recording the peak areas against the known 
injected amount contained in the same injected volume (1 ml). The 
analysis was performed in triplicate.

Stability studies
Long-term stability
The macroscopic aspect, CI, pH, and conductivity were evaluated on 
storage days 1, 3, 10, 15, 30, 60, 90, 120, 150, and 180. The samples 
were stored at room temperature (25 ± 2°C) and at a low temperature  
(5 ± 1°C). These parameters enabled the evaluation of the emulsion 
system stability and therefore the prediction of the chemical stability of 
the components of the emulsion.

Short-term stability
The short-term stability was evaluated by the micro-emultocrit technique 
(MET).[32] The formulations were stored in closed containers at room 
temperature and were not homogenized before testing. The heparin-free 
capillary tubes were filled to 75% with each formulation and placed in a 
micro-centrifuge (Quimis, model Q10.500, São Paulo, Brazil) at 10,500 
rpm for 10 min. The evaluation was realized at room temperature on the 
storage days 1 (D1), 30 (D30) and 90 (D90). After the centrifugation cycle, 
the IC calculations were performed in accordance with (equation 2).  

The short-term stability realized by the micro-emultocrit technique 
revealed not only, that the emulsion stability was highly influenced by 
the gravity acceleration, but also managed to predict influences provided 
in the HLB values. The Stability measurements were made in triplicate 
for each of the three days.

Statistical analysis
The mean, standard error of the mean, test-t and graphics were calculated
by using SigmaPlot v.10.0 [Systat, USA], and p<0.05 was considered to 
be statistically significant

RESULTS AND DISCUSSIONS
Extraction and characterization of the essential oil
The essential oils extraction conditions are important as they are one of 
the main physical and chemical parameters which are directly related to 
the quality of the essential oil. A rapid distillation can lead to a product 
containing predominantly volatile constituents with better organoleptic 
and chemical characteristics. However, a prolonged extraction of the 
product makes the process more expensive and can also increase the 
amount of less desirable compounds.[33,34] In our study, the PaEO extraction 
was performed in a period from 1 to 6 hours [Figure 1]. The data showed 
higher extraction efficiency after 3 hours. After that, the extractions from 
three hours, showed constant behavior. Under these conditions, 0.9 ml of 
PaEO was obtained from 2 kg of fresh leaves of P. amboinicus.
The higher yield was obtained after 3 hours of extraction. Thus, 0.9 ml of 
PaEO was extracted from a mass of 2 kg of plant fixed to 2 l of distilled 
water at 100ºC. The yield was 0.067% ± 0.3 [n= 3] relative to the weight 
of fresh material according to the Equation.[3]

=Yield v d
m

% . .100 (Eq.3)

Where: d = density (g.ml-1); m= mass (g) and v = volume (ml)

The extraction performance is in accordance with the essential oil 
content report in the literature for this herbal drug.[35,36]

The essential oil characterization plays an important role in the establishment 
of quality specifications for the quality control for industrial production of 
herbal products. The full characterization (physico-chemical), including 
chemical profile and thermal profile, as well as the biological activity of the 
essential oils according to their toxicological or pharmacological properties 
contributes to improving safe and effective therapeutic use of the species.[37,38] 
Plectranthus is a genus with an economic potential in various sectors, and it 
is attracting attention due to its medicinal value. A large number of species 
are not toxic and so may be taken orally, whilst others can be used topically 
on the skin. It is a promising plant for the development of medication.[1,39]  
The essential oil of P. amboinicus (PaEO) was characterized by determination 
of its physicochemical properties such as relative density, refractive index, 
and solubility in 90% ethanol.
The essential oil, obtained from P. amboinicus leaves, presents itself as a 
clear yellow liquid with strong aromatic odor and the physicochemical 
properties as summarized in Table 2.
Generally, oil yield and chemical composition are taxon-dependent and 
are strongly influenced by several factors, including harvest date, storage, 

Table 2: Physical properties of the essential oil extracted from leaves of  
P. amboinicus (PaEO).

Physicochemical Properties PaEO 
Density (g.ml-1) 1.5 ± 0.03
Refractive index (ND 25º) 0.9167 ± 0.04
Solubility in 90% ethanol (v/v) 01:02 ± 0.07
Yield (%) 0.2 ± 0.06
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environment, stage of maturity, and tested plant parts.[40] Therefore, 
the products marketed are usually obtained from pools of several oil 
charges to achieve some uniformity. Nevertheless, comparing the results 
obtained in this work with the literature, it could be observed that 
there are similarities among some quality parameters analyzed, such as: 
relative density, refractive index, and solubility in ethanol.[41,42]

Identification of components by GC / MS
The identification of the chemical constituents of the PaEO performed by 
GC-MS as well as the percentages, retention time and Kovats Index; are 
presented in Table 3. The chromatographic data allowed the identification of 
19 components, corresponding to 99.99% of the total oil composition. The 
main constituents were carvacrol [33.5%], p-cymene [28.20%], γ-terpinene 
[14.77%], E-caryophyllene [4.63%], acid phthalic [4.32%], γ-bergamotene 
[3.16%], α-terpinene [2.52%], and β-myrcene [2.03%].
The qualitative data of the major compounds are in agreement with data 
previously reported for Plectranthus sp. oils from Brazil.[35] However, 
the quantitative data were different for: carvacrol [33,5%], p-cyneme 
[10.3%], and γ-terpinene [5.9%]. Other studies on the composition of 
the P. amboinicus oil also showed carvacrol as the main constituent, 
but the concentrations ranged from 28.65% to 90-98%.[6,8,43,44] The 
variations observed among the various reports can be attributed to the 
methodology used in the extraction process, seasonal variations, soil 
type, climate, genetic aspects, and geographical variations of plant.[8] 
According to Haddouchi, Chaouche[31] the knowledge about essential 
oil composition is fundamental in its correct application as a bioactive 
product. To control the types of components and the essential oil yield 
in the plant, it is necessary to standardize the cultivation conditions as 
well the harvest and postharvest procedures. Thus, the extraction of high 
quality essential oils is feasible.[45]

Development and evaluation of emulsions containing essential 
oil from P. amboinicus.
The essential oils, obtained from different plant species, have been 
extensively studied as bioactive products for therapeutic purposes in 
the pharmaceutical industry due to their antimicrobial, antiviral, anti-
inflammatory, and repellent properties.[46,47] Furthermore, essential oils 
have showed lower toxicity and resistance in comparison to synthetic 
products.[48] On the other hand, the chemical complexity and variability 
of the herbal matrix, in addition to other deleterious properties such 
as susceptibility to degradation, volatility and, water insolubility, makes 
the technological development of pharmaceutical systems to improve 

Figure 1: The extraction performance of the essential oil from the leaves 
of P. amboinicus.

Table 3: Percentage chemical composition of the essential oil from leaves of 
P. amboinicus by gas chromatography-mass spectrometry.

Peak Compounds Rt/min. Area (%) KI

1 α-Thujene 5.757 0.83 9.275.044

2 α-Pinene 5.969 0.38 9.350.088

3 Camphene 6.392 0.11 9.499.823

4 Vinyl amyl carbinol 7.170 0.74 9.775.221

5 β-Myrcene 7.567 2.03 9.915.752

6 α-Phellandrene 8.068 0.31 10.069.947

7 α-Terpinene 8.480 2.52 10.179.521

8 p-Cymene 8.783 28.2 10.260.106

9 Limonene 8.921 0.84 10.296.809

10 γ-Terpinene 10.04 14.77 10.594.415

11 α-Terpinolene 11.190 0.19 10.900.266

12 Linalool 11.599 0.15 11.007.907

13 L-4-terpineol 14.972 1.52 11.792.326

14 Carvacrol 20.608 33.5 13.065.455

15 E-Caryophyllene 25.710 4.63 14.233.216

16 γ-Bergamotene 26.352 3.16 14.384.452

17 α-Humulene 27.162 1.17 14.575.265

18 Caryophyllene 
oxide 32.558 0.62 15.878.484

19 Acid Phthalic 43.094 4.32 21.647.484

Rt/min. - Retention Time (min.); KI - Kovats Index

the oil characteristics fundamental, in order to assure the biological 
properties and its effectiveness.[49]

The emulsions can improve stability and the biopharmaceutical profile of 
essential oils, as well as provide protection against oxidation, and allow 
for the introduction of technological adjuvants in a formulation.[50]

These systems are defined as heterogeneous mixtures that consist of 
droplets of a liquid dispersed in a second continuous immiscible liquid 
phase forming a thermodynamically unstable system. To produce stable 
emulsions, surfactants are added to the system.[21,30] The selection of the 
surfactant used is fundamental in the production of formulations with 
a good stability. The first step in the selection of the correct surfactants 
for the emulsion system is the identification of the HLB value of the oil 
fraction. The concept of the hydrophile-lipophile balance [HLB] was first 
described by Griffin[51] and is used as a semi-empirical scale for selecting 
surfactants to form stable emulsions. A well established methodology to 
identify the HLB of essential oils is the study of long-term stability of a 
bath of emulsions produced with the essential oil, and ranging the HLB 
value of the surfactants.[19] The HLB value of the more stable emulsion is 
considered the HLB of the essential oil.

Long-Term stability study
The PaOE containing emulsions were evaluated for a period of 180 days 
to assess the stability of the systems. In spite of the various HLB values 
of the formulations, the process of emulsification by phase inversion 
was able to produce stable emulsions with a milky aspect and which 
remained stable on the day of preparation.
As expected, the emulsions showed different behavior to creaming 
during the storage time, according to the concentration of the 
emulsifying agent used. The cream index (CI) reflects the emulsion 
stability by measuring the height of the separated cream layer with 
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time, but also indirectly demonstrates the process of separation of 
droplets in the creaming.[52]

The studies by Guerra-Rosas, Morales-Castro,[53] showed that after 
the emulsification, the droplets migrate to the surface of the sample 
(coalescence) after a few hours of emulsification, forming a layer of 
cream. Consequently, there is a decrease of the CI over storage time in 
which the emulsion is preparing for phase separation.
The emulsions at room temperature showed significant creaming 
formation in the first 24 h (D1) [Table 4]. As the storage period increases, 
the emulsions showed a gradual increase in the creaming index (CI). The 
emulsions F5, F6, F7, F8, F9, F10, and F11 showed a phase separation 
process after 120 days. Therefore, phase separation of the emulsion F12 
and F13 in D180 demonstrated instability of these formulations. The F14 
formulation showed a high CI in D180. On the other hand, there was no 
phase separation of emulsions for F1, F2, F3, and F4. However, among 
these emulsions, the F1 had the lowest rate of creaming [Table 4].
When comparing the formulations at ambient temperature with 5°C, 
the temperature influences on stability were observed.[54] According 
to studies conducted by Hosseini, Jafari[55] and Leal, Sousa,[29] high 
temperatures promote a high frequency of collisions of the droplets, 
speeding up physical-chemical and chemical reactions, favoring the 
coalescence process resulting in a lower stability of the emulsions.
The formulations stored at 5°C presented a better stability when 
compared to the formulations stored at room temperature [Table 5].[56]  
There was an increase of IC with increasing storage time in the 
formulations. However, the emulsions F1, F2, F3, F4, and F5 showed the 
least CI, and the formulation F2 had the lowest CI, proving to be the 
most stable at the temperature 5ºC [Table 5].

Determination of pH
The measurements of pH were obtained from the probe inserted directly 
into the emulsion container. The evaluation of the pH values has the 
objective to investigate changes that affect the stability of the formulation. 
The pH values for emulsions stored at room temperature indicated no 
important influence on the surfactant composition. However, the storage 
time promoted a decrease in the pH for all formulations. Throughout the 
experimental period, the pH of all the formulations reduced, as well as the 
pH range between the formulations also reduced 2.5-4 (D180) [Figure 2]. 
The range of values may indicate the occurrence of undesirable chemical 

reactions or degradation of the products which could be attributed 
to a possible oxidation in the oil.[19,21,57] This result indicates that all 
formulations showed loss or degradation of the essential oil.

Conductivity
According to Masmoudi, Le Dréau,[58] modifications could be observed 
to the conductivity values of the emulsions before seeing the instabilities 
of the systems. Studies by Bernardi, Pereira[59] observed modifications to 
the conductivity values of the emulsions before seeing the instabilities of 
the systems. The studies by Abdullah, Abdulkarim[60] and Mahmood and 
Akhtar[61] attributed the continuous increase of conductivity values to 
the process of coalescence of the internal phase. This was followed by a 
reduction, which may be attributed to phase separation. Nevertheless, F1 
and F2 presented an increase in conductivity during all the experiment, 
and they were the only formulations that did not have a decrease in 
conductivity during the period of 180 days [Figure 3]. Furthermore, F2 
showed a lower value in conductivity than F1 and a better stability.

Short-term stability
The results presented in Figure 4 suggest that the method was able to 
detect not only the major influence of the centrifugal stress but also the 
individual contribution of each HLB [surfactant composition] on the 
system stability.
The micro-emultocrit technique (MET) was first described by Macedo, 
Fernandes,[32] as an appropriate tool to evaluate and predict influences 
provided by small variations in the HLB values on emulsions. Thus, 
besides the simplicity, the ability to use a low amount of sample and 
with a short time of execution made this method an excellent tool to 
evaluate and/or optimize formulation parameters and their respective 
HLB values. The results of the short term stability study are shown in  
Figure 4. Regarding the creaming index data, the lowest CI rates were 
observed at time D1 for the formulations F3, F4, F5 and F6, where 
CI were 3.62%, 3.43%, 3.47%, and 3.51%, respectively. After 30 days 
(D30), lower CI were observed for F1, F2, F3, F4, and F5 (2.42%, 1.88%; 
1.81%; 1.83% and 1.78%, respectively). And, on the last day of analysis 
(D90), the CI for F1, F2, F3 and F4 were 2.43%, 1.75%; 2.9%, and 1.73% 
respectively.
By comparing the values obtained by the micro-emultocrit technique 
it became apparent that the results for formulations containing PaEO 

Table 4: Analysis of creaming index (%) for the long-term stability study at room temperature.

Formulations HBL D1 D3 D10 D15 D30 D60 D90 D120 D150 D180

F1 16.7 2.44 3.66 6.17 6.17 6.25 6.41 6.67 6.85 5.71 5.80

F2 15.7 2.41 5.06 6.41 6.41 6.58 6.85 7.14 8.82 7.69 8.20

F3 14.7 5.00 5.00 7.69 7.69 7.89 8.11 7.14 7.25 7.58 6.25

F4 13.7 5.13 6.41 6.41 5.13 6.58 8.00 6.85 6.94 7.25 7.46

F5 12.7 5.13 6.41 6.58 6.67 6.76 8.45 5.97 PS PS PS

F6 11.7 4.88 6.10 7.41 7.50 7.59 9.09 5.41 PS PS PS

F7 10.7 3.90 5.19 6.67 5.33 6.76 8.22 5.71 PS PS PS

F8 9.7 5.00 6.25 7.50 7.69 7.79 9.21 6.85 PS PS PS
F9 8.7 5.13 5.13 6.41 7.79 7.89 6.67 6.94 PS PS PS

F10 7.7 3.75 5.00 6.49 6.76 8.82 10.17 8.93 PS PS PS

F11 6.7 3.75 5.00 7.59 7.69 7.79 9.21 8.11 PS PS PS

F12 5.7 3.75 5.00 8.86 7.69 7.79 6.67 9.46 9.86 9.87 PS

F13 4.7 1.23 2.47 6.25 6.33 6.41 9.33 10.96 9.86 8.82 PS

F14 4.3 2.50 3.80 6.41 7.79 7.89 8.22 11.43 11.94 7.81 13.11

F - formulation; D - day; HBL - hydrophilic-lipophilic balance; PS - phase separation.
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between the days (D1, D30 and D90) showed a statistically significant 
difference between the formulations, when p < 0,05.
According to Franzol and Rezende,[62] to obtain emulsions there is a need 
to  introduce energy in the emulsified systems, presenting very agitated 
droplets in the first days. This is because the emulsified system has free 
energy in the first days of storage which can lead to altered results. 
Thus, the study was conducted using the micro-emultocrit technique 
on three different days, where it was observed that the day D1 showed 
instability in relation to D30 and D90, possibly because free energy still 
existed in the system. The formulations on D30 and D90 had greater 
stability, because free energy had already dissipated promoting a kinetic 

stabilization. It was noted that F2 is the most stable formulation due to 
lower IC, based on the static data.

Quantitative analysis of carvacrol in emulsion
The quantitative analysis plays an important role in the pharmaceutical 
field throughout the production process from quality control to 
finished product to achieve a quality standard required for a drug.[63] 
This approach becomes more critical and challenging when complex 
materials such as biological matrix are used as active ingredients. 
Regarding the essential oils in which the chemical complexity is 
followed by adverse physico-chemical properties, the quantitative 

Table 5: Analysis of creaming index (%) for the long-term stability study at 5°C degree.

Formulations HBL D1 D3 D10 D15 D30 D60 D90 D120 D150 D180

F1 16.7 2.44 3.66 6.17 6.17 6.25 6.41 6.67 6.85 5.71 5.80

F2 15.7 2.41 5.06 6.41 6.41 6.58 6.85 7.14 8.82 7.69 8.20

F3 14.7 5.00 5.00 7.69 7.69 7.89 8.11 7.14 7.25 7.58 6.25

F4 13.7 5.13 6.41 6.41 5.13 6.58 8.00 6.85 6.94 7.25 7.46

F5 12.7 5.13 6.41 6.58 6.67 6.76 8.45 5.97 PS PS PS

F6 11.7 4.88 6.10 7.41 7.50 7.59 9.09 5.41 PS PS PS

F7 10.7 3.90 5.19 6.67 5.33 6.76 8.22 5.71 PS PS PS

F8 9.7 5.00 6.25 7.50 7.69 7.79 9.21 6.85 PS PS PS

F9 8.7 5.13 5.13 6.41 7.79 7.89 6.67 6.94 PS PS PS

F10 7.7 3.75 5.00 6.49 6.76 8.82 10.17 8.93 PS PS PS

F11 6.7 3.75 5.00 7.59 7.69 7.79 9.21 8.11 PS PS PS

F12 5.7 3.75 5.00 8.86 7.69 7.79 6.67 9.46 9.86 9.87 PS

F13 4.7 1.23 2.47 6.25 6.33 6.41 9.33 10.96 9.86 8.82 PS

F14 4.3 2.50 3.80 6.41 7.79 7.89 8.22 11.43 11.94 7.81 13.11

F - formulation; D - day; HBL – hydrophilic-lipophilic balance.

Figure 2: pH curves versus days for formulations (F) stored at room 
temperature.

Figure 3: Conductivity curves versus days in accordance with the 
formulations (F) stored at room temperature.



PABLO QUEIROZ LOPES, et al.: Technological Evaluation of Emulsions Containing the Volatile Oil from Leaves of P. amboinicus

Pharmacognosy Magazine, January-March 2017, Vol 13, Issue 49 165

evaluation is used both as an indication of stability and measurement 
of technological success. According to Lukhoba, Simmonds,[1] and 
Ruzsíková, Součková,[64] the drug quantitative analysis facilitates 
development of medicines.
The chemical control of the emulsions was performed by the quantitative 
analysis of the Carvacrol, which is the major constituent of the PaEO. 
The contents of the chemical marker were assayed by GC, and the PaEO 
contents in the emulsions were evaluated, also indicating the emulsions 
stability. The contents of the chemical marker for each formulation were 
evaluated after 7 and 180 days of storage at room temperature [Figure 5].  
The quantification of Carvacrol in the emulsions was carried out only 
at room temperature because volume loss was observed, unlike with 
emulsions, which are stored at 5°C. The proportions of PaEO entrapped 
in emulsified systems were estimated from the total volume of essential 
oil added to each formulation.
After 7 days, the percentages of carvacrol present in the emulsions 
were  ranged from 25.6% to 100.00%. Maximum carvacrol content 
was observed in the formulations F2 [97.38%] and F10 [100.00%]. 
Regarding the content of carvacrol after 180 days, an important decrease 
was observed. The content reduction ranged from 50.3% to 89.6%, for 
formulations F8 and F11, respectively.
The F1, F2, F3, and F4 emulsions, which had the highest values of HLB, 
showed the highest carvacrol content after 180 days. Thus, this showed 
that the most stable formulations are those which showed higher HLB 
values and the highest levels of carvacrol. According to studies by Viana, 
Bohrer,[65] the HLB system is based on surfactants, which are amphiphilic 
compounds whose molecules are in the hydrophilic and lipophilic groups. 
The higher HLB values are assigned to more hydrophilic surfactants in 
which the hydrophilic groups are more suitable for the production of 
O/W emulsions. In fact, the essential oil properties presented a volatility 
which could explain the difficulty of oil entrapment and retention.

CONCLUSION
The development of emulsions containing essential oil remains a 
technological challenge, specifically in the improvement of their topical 
applicabilities. However, in the present work the feasibility of production of 
disperse systems was demonstrated using only the essential oil from leaves 
of Plectranthus amboinicus in the disperse phase, and its HLB value was 
described for the first time. Accordingly, the combination of surfactants 
[Span 80® and Tween 20®] leads to a required HLB value of 15.7.

To summarize, the present work demonstrated the feasibility of emulsion 
containing essential oil extracted from leaves of P. amboinicus. However, 
further biological studies are necessary to evaluate the activity of the 
PaOE containing emulsions, as well as the study of cutaneous permeation 
for topical use, as well as the definitive dose to be administered.
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