
 
 

  
Abstract—The essential oil of M. × piperita L. was formulated 

into a topical gel. The prepared gel was characterized for its pH, 
viscosity, spreadiblity, consistency and extrudiblity, while its stability 
was evaluated under different temperature conditions. The prepared 
M. × piperita oil gel was clear and transparent. The pH value of 
developed gel was 6.6, while its viscosity was 1200 cP. Spreadability 
and consistency of the M. × piperita oil gel was 10.7 g.cm/sec and 7 
mm, respectively. The prepared gel showed good extrudiblity. During 
the stability studies, no significant change in pH and viscosity as a 
function of time for gel was observed, indicating stability of prepared 
formulation. The gel developed in this study is expected to forward 
the usage of M. × piperita essential towards commercial application. 
 

Keywords—M. × piperita L., formulation, gel, characterization, 
stability  

I. INTRODUCTION 
LANT essential oils and their components are known for 
their various biological activities; such as, flavouring 

agent for food, pharmaceuticals, antimicrobial and fungicidal 
[1, 2]. Even today, about 80% of the world’s population relies 
predominantly on plants and plant extracts for health care [3]. 
Particularly, in recent years, essential oils and their 
components are gaining increasing interest due to being 
relatively safe for the environment as well as to the human 
health, their wide acceptance by consumers, and their 
exploitation for potential multi-purpose functional use [4]. 

In spite of a large body of literature, the general 
applicability of essential oils on commercial scale is lacking. 
The reasons for this could be; relatively slow action, variable 
efficacy, lack of persistence, inconsistent availability and lack 
of suitable /user friendly end product [5]. It is evident that 
formulation development could increase the usability, efficacy 
and storability of the essential oil or active ingredient. 
However, few studies have ventured towards development of 
essential oil based formulations. Manou et al. [6] prepared a 
cream formulation of thyme oil to be used in a topical 
application as a preservative against bacterial and yeast 
strains. Similarly, Orafidiya et al. [7] developed effective 
antibacterial formulation for topical usage with the essential 
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oil Ocimum gratissimum. While Ointment and cream 
formulations of lemongrass oil was prepared for mosquitocidal 
repellency [8]. 

Gels are semisolid systems in which the movement of 
dispersion medium is restricted by interlacing three 
dimensional network of particles or solvated macromolecules 
of dispersed phase [9]. Twisted matted strands in gels are tied 
together by vander waals forces to form crystalline and 
amorphous regions throughout the system. Interlacing network 
of the particles and consequential internal friction leads to 
increase in viscosity, which is responsible for the semisolid 
state of the system. Concentration of gel is usually between 
0.5 to 2%, and gels maintain their viscosity over a wide range 
of temperature. The use of gel as a delivery system can 
increase the residence time of drugs on the skin and, 
consequently, enhance bioavailability [10]. Gel delivery 
systems have several advantages such as the ease of 
administration, high residence time on the skin and better drug 
release and diffusion [10, 11]. 

In the present study, gel formulation based on M. × piperita 
essential oil was attempted. The essential oil of M. × piperita 
has earlier been reported for its pesticidal, antibacterial, 
antifungal, and anti-cancerous properties [3, 12-14]. The gel 
formulation of M. × piperita oil was characterized for pH, 
viscosity, spreadiblity, consistency and extrudiblity, while its 
stability was evaluated under different temperature conditions. 

II.  MATERIALS AND METHODS 

A. Materials 
The essential oil of M. × piperita was purchased from 

Kanta Chemicals Pvt. Ltd, Khari Bowli, New Delhi, India and 
stored in plastic bottles at 4 ⁰C.    

B. Preparation  
Preparation of gel formulation of M. × piperita oil was a 

two step process. Firstly (1st step), an aqueous mixture of 
water (67%), surfactant (20%) and co-surfactant (4%) was 
prepared.  To this mixture 8% of active ingredient was added 
drop wise along with constant agitation on magnetic stirrer. 
Gelatin (1%) was added for viscosity enhancement.   

C.  Characterization of Gel 
The gel was characterized for pH, viscosity, spreadability, 

consistency and extrudiblity through standard methods: 

i. pH   
The pH values of the gel was measured by a digital type pH 

meter (HI 2212 pH meter, Hannah instruments, USA) by 
dipping the glass electrode into the sample. The reaction was 
performed at room temperature (25 ± 2 ⁰C). The 
measurements were performed in triplicate. 
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ii. Viscosity 
Viscosity of the M. × piperita gel was measured using a 

Brookfield DV-III programmable cone and plate rheometer 
(Brookfield, USA) fitted with a CP-42 cone spindle. The 
jacketed sample cup was connected to a circulating water bath 
operating at 25 ⁰C and a shear rate of 60.0 s−1. A sample 
volume of 1 mL was used. The measurements were performed 
in triplicate.  

iii. Spreadability    
Spreadability is a term expressed to denote the extent of 

area to which the cell readily spreads on application to the 
affected area. The spreadability of gel was evaluated through 
extensometer set up, which consists of two glasses [15]. The 
gel sample (0.25 gm) was placed on lower immovable glass 
plate. The upper glass plate (movable) was placed on the top 
of the sample.  Force was generated by adding known weight 
(50 gm) on the upper glass plate.  The experiment was 
repeated thrice at constant temperature and exerted weight and 
the mean values of spread surface area on the lower plate was 
calculated by using the formula.  

S  
M L

T  

Where M= wt. tied to upper slide, L = length of glass slides, 
T= time taken to separate the slides 

iv. Consistency  
The measurement of consistency of the prepared gels was 

done by dropping a cone attached to a holding rod from a fix 
distance of 10 cm in such way that it should fall on the centre 
of the glass cup filled with the gel. The penetration by the 
cone was measured from the surface of the gel to the tip of the 
cone inside the gel [16]. The distance traveled by cone was 
noted down after 10sec. 

v. Extrudiblity  
Extrudiblity reflects the capacity of the gel, to get ejected in 

uniform and desired quantity when the tube is squeezed. For 
the analysis of gel extrudiblity, 20g of gel was filled into 
collapsible tubes and pressed firmly at the crimpled end to 
extrude the gel until the pressure was dissipated [17].  

C. Stability of Gel 
The formulated M. × piperita oil gel was filled in the 

collapsible tubes and stored at 5 different temperature 
condition; 20±2 ºC, 25±2 °C, 30±2 °C, 35 ± 2 ºC and 40 ± 2 
ºC, for a period of three months and studied for appearance, 
pH, viscosity, consistency, spreadability and extrudability 
[18]. 

 
 
 

III. RESULTS 
Gels are defined as a substantially dilute cross-linked 

system. This crosslinks within the fluid are responsible for gel 
structure (hardness) and contribute stickiness. In this way gels 
are a dispersion of molecules of a liquid within a solid in 
which the solid is the continuous phase and the liquid is the 
discontinuous phase. By weight, gels are mostly liquid, yet 
they behave like solids due to a three-dimensional cross-linked 
network within the liquid. Gels are typically formed from a 
liquid phase that has been thickened with other components, 
where continuous liquid phase allows free diffusion of 
molecules through the polymers scaffold [15]. 

A. Characterization of Gel 
The prepared gel was clear and transparent. Table I 

represents all the properties of gel. The pH value of developed 
gel was 6.6. For a gel, the range of pH between 5-7 is 
considered good, as below 5 the solubility of active ingredient 
decreases [17]. Viscosity of the prepared gel was 1200 cP. 
Viscosity of gel was reported to be significantly affected by 
crosslinking of the inherent components, as well as 
concentrations and molecular weight of the active ingredient. 

 
TABLE I 

PHYSICOCHEMICAL PARAMETERS OF THE M. × PIPERITA OIL GEL 

Properties  Values  

Spreadability  10.7 g.cm/sec 
pH 6.6 
Extrudiblity Good 
Consistency 7 mm 

 
 
The values of spreadability indicate that the gel prepared in 

the present study is easily spreadable by small amount of 
shear. Spreadability of the M. × piperita oil gel was 10.7 
g.cm/sec, which was more than that reported by Shivhare et al. 
[15] for polyacrylamide gel containing diclofenac sodium (6.5 
g.cm/sec). Bhanu et al [17] reported spreadability between 
10.03-22.89 g.cm/sec for diclofenac Sodium emulgel. 
Spreadability is a term expressed to denote the extent of area 
to which the gel readily spreads on application to skin or the 
affected area. The value of spreadability also indicates the 
therapeutic efficiency of the formulation [17]. 

The consistency reflects the capacity of the gel, to get 
ejected in uniform and desired quantity when the tube is 
squeezed. Consistency is inversely proportional to the distance 
traveled by falling cone. In the present study, consistency of 
the M. × piperita oil gel in terms of distance traveled by cone 
was 7 mm. The consistency of diclofenac sodium gel was 
reported to be slightly better at 5 mm [15] while the 
consistency of aceclofenac sodium gel was found to be at 6 
mm [19].  M. × piperita oil gel showed good extrudiblity. The 
extrusion of gel has significance during application. 
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D.  Stability of Gel 
The M. × piperita oil gel was subjected to stability study as 

per ICH guidelines for the period of three months and the 
stability evaluation data is mentioned in Table II. During the 
stability studies, no significant change in pH and viscosity as a 
function of time was observed, indicating stability of prepared 
formulation. Also, values for consistency and spreadability 
showed slight change with storage. Extrudiblity of the gel 
remained good during the storage period. 

IV. CONCLUSION 
The essential oil of M. × piperita presents an eco-friendly 

approach towards insect control as well as its various 
applications as antibacterial, antifungal, and anti-cancerous 
substance. The gel developed from M. × piperita oil in the 
present study met all the standard requirements for its 
characterization as a stable gel. Further, its stability under 
thermal stress was also established. The gel developed in this 
study is expected to steer the usage of M. × piperita essential 
towards commercial application. However, further study could 
be done to estimate the economically viability of the 
developed product, routing the research towards ensuring the 
product availability for mass usability. 
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TABLE II 
STABILITY STUDY OF M. × PIPERITA OIL GEL 

Months Appearance pH Consistency (mm) Extrudiblity Viscosity (cP) Spreadability (g.cm/sec) 
0 Clear 6.6 7 Good  1200 10.7 
1 Clear 6.6 7 Good 1202 10.7 
2 Clear 6.6 7.5 Good 1215 10.6 
3 Clear 6.7 8 Good 1250 10.4 
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