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Abstract

Introduction: Peppermint and origanum essential oils are known for their strong antimicrobial, antifungal, and 
antibiofilm properties. Despite their effectiveness, their clinical use is limited due to high volatility, poor water solubility, 
and instability under environmental conditions. Microencapsulation using biocompatible polymers like poly(methyl 
methacrylate) (PMMA) can help overcome these limitations by improving stability and enabling controlled release. 
Materials and Methods: Microcapsules were prepared using a modified solvent evaporation method. A mixture 
of peppermint and origanum oils in a 100:75 ratio was combined with PMMA in dichloromethane. This organic 
phase was emulsified into an aqueous phase containing 1% polyvinyl alcohol and 2 g sodium lauryl sulfate. The 
mixture was stirred for solvent evaporation, followed by centrifugation to isolate the microcapsules. The capsules 
were then analyzed for ultraviolet (UV) absorbance, particle size, morphology, yield, and entrapment efficiency (EE). 
Results: UV-visible spectrophotometry showed λmax at 253 nm for peppermint oil and 276 nm for origanum oil. 
BIOVIS microscopy revealed that 99.24% of the capsules were in the 0.5–5 µm range. SEM images showed spherical 
particles with smooth surfaces and no cracks. The yield was 70%, with 1050 mg recovered from 1500 mg. EE ranged 
from 33.39% to 50.64%, with 37.83–45.00% for peppermint oil and 27.58–58.00% for origanum oil. Discussion: The 
PMMA microencapsulation method effectively produced uniform and stable microcapsules. The particle size and 
surface morphology support their potential for controlled delivery. Moderate entrapment efficiencies suggest room 
for optimization, possibly influenced by differences in the physicochemical properties of the oils. Overall, the method 
showed promise in enhancing oil stability and reducing volatility. Conclusion: PMMA-based microencapsulation 
successfully stabilized peppermint and origanum oils, offering good yield, structure, and encapsulation efficiency. 
This system holds potential for future applications in controlled-release formulations for antimicrobial therapies.
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INTRODUCTION

Microencapsulation is a well-
established strategy for enhancing the 
stability, bioavailability, and delivery 

efficiency of volatile and labile compounds such 
as essential oils (EOs). It involves entrapping 
active agents within a polymeric matrix or shell 
to protect them from environmental degradation 
and allow for controlled release.[1] The technique 
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has been widely applied in pharmaceuticals, cosmetics, food, 
and nutraceuticals.

Among available polymers, poly(methyl methacrylate) 
(PMMA) is widely recognized for its biocompatibility, 
mechanical strength, and chemical stability.[2] PMMA 
microcapsules have been used in various drug delivery 
systems, including antibiotics, antifungals, anticancer 
drugs, and ophthalmic agents, due to their ability to 
provide localized and sustained release.[3-5] EOs, composed 
mainly of terpenoids and phenolic compounds, are 
known for their antimicrobial, antifungal, antioxidant, 
and anti-inflammatory effects.[6-8] However, challenges 
such as volatility, low aqueous solubility, and 
sensitivity to environmental conditions limit their direct 
use.[9,10] Microencapsulation offers a promising solution by 
improving shelf life, masking strong odors, and allowing 
site-specific delivery.[10-13]

Peppermint oil (Mentha piperita) is rich in menthol and 
demonstrates antibacterial, antifungal, and antibiofilm 
properties, particularly against Staphylococcus aureus and 
Candida albicans.[14,15] Origanum oil (Origanum vulgare) 
contains carvacrol and thymol, which exert antimicrobial 
action by disrupting microbial membranes and inhibiting 
biofilm formation.[16-18]

PMMA’s compatibility with various drug classes and its 
versatility in formulation technologies make it a suitable 
candidate for encapsulating EOs. Table 1 presents a 
comparison of common PMMA preparation techniques, 
highlighting their benefits and limitations.

This study aims to develop and characterize PMMA-based 
microcapsules encapsulating peppermint and origanum EOs, 
to enhance their stability and enable controlled release for 
pharmaceutical and cosmeceutical applications.

MATERIALS AND METHODS

Materials

The materials used in this study included heat-cure 
acrylic resin (PMMA), specifically Trevalon® obtained 
from Dentsply India, serving as the primary polymer 
matrix. For active components, EOs such as peppermint 
oil (Himedia) and origanum oil were procured from 
Suyash Herbs to provide antimicrobial and therapeutic 
properties. Dichloromethane (DCM) was employed as 
the organic solvent in the microencapsulation process. 
To stabilize the emulsion system, polyvinyl alcohol 
(PVA) and sodium lauryl sulfate (SLS) were used as 
stabilizers.

Analytical methods

Preparation of stock solution

A combined stock solution of Peppermint and Origanum 
EOs in the ratio P100O75 (Peppermint: Origanum = 0.36 g: 
0.24 g) was prepared at 100 µg/mL using methanol.

Determination of λmax

To evaluate total phenolic content, 0.5 mL of the methanolic 
EO mixture was mixed with 2.5 mL of 10% Folin–
Ciocalteu reagent and 2.5 mL of 7.5% sodium bicarbonate. 
The mixture was incubated at room temperature for 
45 min, and absorbance was measured using a UV-visible 
spectrophotometer. λmax values were 253 nm for 
peppermint oil, 276 nm for origanum oil, and both peaks 
were observed in the P100O75 blend, confirming the 
presence of phenolics from both oils.[25] Calibration curve 
of Peppermint and Origanum EOs was done to find our 
regression coefficient.

Table 1: Advantages and limitations of common PMMA microcapsule preparation techniques
Preparation technique Advantages Drawbacks Ref.
Emulsion polymerization Good particle size control; high yield; 

suitable for hydrophobic drugs
Requires surfactants; residual monomers may 
affect biocompatibility

[19]

Solvent evaporation Simple; widely used; ideal for 
encapsulating essential oils and 
volatile drugs

Involves organic solvents; lower loading of 
hydrophilic drugs

[20]

Spray drying Rapid and scalable; dry, free‑flowing 
powder

High temperatures may degrade heat‑sensitive 
compounds; high equipment cost

[21]

Precipitation 
polymerization

No surfactants needed; uniform 
particle size

Limited to water‑insoluble monomers; narrow 
drug compatibility range

[22]

Suspension 
polymerization

Scalable; controlled bead size Requires stabilizers; less suitable for 
volatile/thermolabile drugs

[23]

Miniemulsion 
polymerization

High encapsulation efficiency; narrow 
particle size distribution

Complex formulation; energy‑intensive 
(ultrasonication or high shear required)

[24]

PMMA: Poly (methyl methacrylate)
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Preparation of PMMA Microcapsules by Solvent 
Evaporation Method

PMMA microcapsules containing a peppermint–origanum 
EO blend (P100O75) were prepared using a modified solvent 
evaporation method with a polymer-to-oil ratio of 2:1.2. The 
stepwise process is illustrated in Figure 1.

The aqueous phase was prepared by dissolving 1% w/v PVA 
and 2 g SLS in 300 mL of distilled water. The organic phase 
consisted of 1 g PMMA dissolved in 30 mL DCM, into which 
0.6 g of the EO mixture was added.

The organic phase was slowly added to 100 mL of the 
aqueous phase under vigorous stirring (1200 rpm) to form 
an oil-in-water emulsion. After 30 minutes, the emulsion was 
added to the remaining 200 mL of aqueous phase and stirred at 
40°C to facilitate solvent evaporation and capsule formation.

The microcapsules were collected by centrifugation 
(2000 rpm), washed with distilled water to remove residual 
surfactant or polymer, air-dried, and stored in a desiccator 
for further evaluation. This technique enhances the stability 
and controlled release of EOs, making it suitable for 
pharmaceutical and cosmeceutical applications.[26,27]

Evaluation of PMMA microcapsules

The prepared PMMA microcapsules were evaluated for 
particle size, morphology, and process efficiency.

Particle size and morphology

Digital imaging microscopy (BIOVIS)

Dried microcapsules were dispersed in distilled water and 
observed under a BIOVIS microscope. Particle diameters 
were measured using image analysis software to assess 
size distribution and uniformity, which influence release 
behavior.[28]

Scanning electron microscopy (SEM)

Air-dried microcapsules were gold-coated and examined 
under SEM. High-resolution images provided insights 
into shape, surface texture, and integrity. Features such as 
smoothness, sphericity, or cracks were evaluated, as they 
impact encapsulation efficiency and release properties.[29]

Percentage yield

Process efficiency was calculated as the percentage yield 
using the formula:

Mass of Microcapsules 
ObtainedPercentage Yield 100

Total Weight of 
Drug Polymer

 
 
 = ×
 
 

+ 

Percentage yield and entrapment efficiency (EE)

Percentage yield was calculated as:

% Yield = (Mass of microcapsules obtained/Total weight of 
polymer + oil) × 100

A high yield reflects minimal material loss during 
emulsification, solvent evaporation, and recovery, indicating 
process efficiency and scalability.[30]

EE was determined by dissolving 10 mg of microcapsules in 
10 mL methanol, followed by vortexing and centrifugation. The 
supernatant was analyzed at 253 nm (peppermint) and 276 nm 
(origanum) using a UV-visible spectrophotometer. Oil content 
was quantified via calibration curves, and EE was calculated as 
the percentage of oil encapsulated relative to the initial amount 
used.[31]

Calculation:

The EE% was calculated using the following formula:

Figure 1: Schematic diagram of the preparation of poly(methyl methacrylate microcapsules with encapsulated Peppermint oil by 
the solvent evaporation method in O/W
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( )

Actual Drug 
ContentEntrapment Efficiency %  100

Theoretical Drug 
Content

 
 
 = ×
 
 
 

Where Actual Drug Content is the amount of EO recovered 
from microcapsules (via UV analysis), while Theoretical Drug 
Content is the total oil used, assuming full encapsulation.

This calculation assesses oil retention versus loss during 
processing.[32] High EE is vital for volatile oils and can be 
improved by optimizing factors like polymer-to-oil ratio, 
solvent type, and stirring speed.

RESULTS

UV-visible spectrophotometric analysis of λmax

UV-Visible spectrophotometry was used to determine the 
maximum absorbance wavelengths (λmax) of peppermint 
and origanum EOs for use in entrapment and release studies.

Each oil was diluted in ethyl acetate and scanned over 
200–400 nm. Peppermint oil showed a λmax at 253 nm 
[Figure 2], attributed to menthol and menthone. Origanum 
oil exhibited a λmax at 276 nm [Figure 3], corresponding to 
thymol and carvacrol.

These λmax values reflect the characteristic phenolic 
and aromatic constituents of each oil and were used in all 
subsequent spectrophotometric quantifications.

Figure 4 shows the calibration curve of peppermint oil at 
λmaxis 253 nm, with the regression equation y = 0.000x and a 
correlation coefficient R² = 0.981, indicating strong linearity.

Figure 5 represents the calibration curve for origanum oil at 
λmax = 276 nm, with the equation y = 0.015x + 0.093 and 
R² = 0.955, confirming reliable linearity.

Both curves were used to quantify the respective EOs in 
microcapsules during EE and release studies, as determined 
by UV-visible spectrophotometry.

Particle size and morphology analysis

BIOVIS microscopy of 1974 PMMA microcapsules showed 
that 99.24% were within the 0.5–5 µm range, confirming a 
uniform, ultrafine particle distribution. Minor proportions 
were between 5.01–25 µm, with no particles above 25 µm, 
indicating monodispersity and process consistency [Figure 6].

SEM analysis (10,000×) revealed smooth, spherical, and 

Figure 2: Ultraviolet spectrometric analysis of Peppermint 
essential oil

Figure 3: Ultraviolet spectrometric analysis of Origanum 
essential oil

Figure 5: Standard plot of Origanum oil in ethyl acetate 
λmaxis 276 nm

Figure 4: Standard plot of Peppermint oil, λmaxis 253 nm



Mailankote, et al.: PMMA Microcapsules with Peppermint and Origanum Oils

Asian Journal of Pharmaceutics • Jul-Sep 2025 • 19 (3) | 1119

discrete microcapsules with no surface pores or aggregation, 
confirming successful emulsification and a stable 
morphology – ideal for controlled drug delivery applications.

The smoothness and sphericity of the particles indicate proper 
polymer precipitation and solidification, consistent with an 
efficient solvent evaporation process. In addition, the absence of 
cracks, deformation, or surface roughness confirms the structural 
integrity of the microcapsules, which is critical for the protection 
and sustained release of the encapsulated EOs [Figure 7].

Overall, SEM analysis confirms that the formulation technique 
produced high-quality PMMA microcapsules, making them 
suitable for pharmaceutical or cosmeceutical applications 
where consistent particle morphology is essential.

Percentage yield and EE

The microencapsulation process yielded 1050 mg of PMMA 
microcapsules from 1500 mg of raw materials, resulting 
in a 70% yield. This reflects good process efficiency with 
minimal material loss, validating the suitability of the solvent 
evaporation method for encapsulating volatile EOs.

EE, determined through UV spectrophotometry at 253 nm 
(peppermint) and 276 nm (origanum), ranged from 33.39% 
to 50.64%, with individual oil EE between 27.58% and 
58.00%. The moderate EE is attributed to the oils’ volatility 
and possible loss during processing. Further optimization of 
formulation parameters may improve retention.

DISCUSSION

This study successfully formulated PMMA microcapsules 
containing peppermint and origanum EOs using a solvent 
evaporation technique, yielding stable microspheres with 
suitable properties for drug delivery.

UV-visible λmax determination

UV analysis confirmed λmax at 253 nm (peppermint) and 
276 nm (origanum), corresponding to key constituents 

such as menthol and thymol. These values support accurate 
quantification during entrapment and release studies, 
validating UV spectrophotometry for EO tracking.[29,33,34]

Particle size and morphology

BIOVIS analysis showed 99.24% of particles within 
0.5–5 µm, indicating a uniform and monodispersed system. 
SEM confirmed spherical, smooth, non-porous particles, ideal 
for controlled release. These outcomes align with previous 
findings on polymer-based EO encapsulation.[24,26,30,35,36]

Percentage yield

A 70% yield reflects minimal material loss and efficient 
process control, consistent with literature reports for solvent 
evaporation methods.[28] Controlled stirring and optimized 
surfactant concentration likely contributed to this outcome.

EE

EE ranged from 33.39% to 50.64%, with individual oils 
between 27.58% and 58.00%. Moderate EE is expected due 

Figure 7: Microcapsules were examined using scanning 
electron microscopy

Figure 6: (a-c) BIOVIS particle size analyzer 40× magnification

cba
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to oil volatility and loss during evaporation. Optimizing oil-
to-polymer ratio and exploring alternative encapsulation 
strategies may enhance EE further.[31]

CONCLUSION

The present study successfully demonstrated the formulation, 
characterization, and evaluation of PMMA-based microcapsules 
encapsulating peppermint and origanum EOs using a modified 
solvent evaporation method. The EOs were selected for their 
well-documented antimicrobial and therapeutic properties, 
while PMMA served as a robust, biocompatible polymer matrix 
offering controlled release and protection of volatile actives.

UV-Visible spectrophotometric analysis confirmed the λmax 
values of peppermint and origanum oils at 253 nm and 
276 nm, respectively, which served as the basis for further 
analytical quantification. The microcapsules exhibited a 
uniform particle size distribution predominantly in the range 
of 0.5–5 µm, with spherical morphology and smooth surfaces 
confirmed via Digital Imaging Microscopy (BIOVIS) and 
SEM. These features support the integrity, stability, and 
potential for controlled delivery of the encapsulated oils.

The process yielded approximately 70% of microcapsules, 
indicating good material recovery and efficiency of the 
encapsulation technique. EE ranged from 33.39% to 50.64%, 
demonstrating moderate encapsulation capacity. While 
promising, these results suggest the need for further process 
optimization to improve oil retention, especially given the 
volatility of EO components.

Overall, this formulation strategy offers a promising platform 
for the delivery of EOs in pharmaceutical and cosmeceutical 
applications, combining controlled release properties with 
enhanced stability. Future studies may focus on in vitro 
release kinetics, antimicrobial efficacy, and scalability for 
commercial development.

ACKNOWLEDGMENT

The authors are thankful to the authorities of the Nitte 
(Deemed to be University), AB Shetty Memorial Institute of 
Dental Sciences (ABSMIDS), Mangalore, for providing all 
the necessary facilities.

AUTHORS’ CONTRIBUTIONS

All authors have accepted responsibility for the manuscript’s 
content and consented to its submission. They have 
thoroughly reviewed all results and unanimously approved 
the final version of the manuscript.

REFERENCES

1.	 Assadpour E, Jafari SM. A systematic review on the 
microencapsulation of essential oils: Encapsulation 
efficiency, release mechanism, and applications. Crit 
Rev Food Sci Nutr 2019;59:626-44.

2.	 De Matos BM, Pereira MP, Lopes AM. Poly(methyl 
methacrylate) (PMMA) particles for biomedical 
applications: An overview of recent developments. Curr 
Pharm Design 2019;25:3856-67.

3.	 Gonçalves VS., Rodrigues FH, Sombra FM. Development 
and characterization of microcapsules containing 
essential oil of Origanum vulgare L. J Encapsul Adsorp 
Sci 2016;6:62-73.

4.	 Pérez S, Costas M, García-Fuentes M, Torres D. 
Advanced microencapsulation technologies for oral 
drug delivery of poorly water-soluble drugs: Trends and 
industrial perspectives. Pharmaceutics 2021;13:1378.

5.	 Pereira JA, Queiroz MJ, Sousa AC. Microencapsulation 
of essential oils: A new perspective in drug delivery. 
Pharmaceutics 2020;12:846.

6.	 Bakkali F, Averbeck S, Averbeck D, Idaomar M. 
Biological effects of essential oils - a review. Food 
Chem Toxicol 2008;46:446-75.

7.	 Edris AE. Pharmaceutical and therapeutic potentials of 
essential oils and their individual volatile constituents: 
A review. Phytother Res 2007;21:308-23.

8.	 Swamy MK, Akhtar MS, Sinniah UR. Antimicrobial 
properties of plant essential oils against human pathogens 
and their mode of action: An updated review. Evid Based 
Complement Alternat Med 2016;2016:3012462.

9.	 Burt S. Essential oils: Their antibacterial properties and 
potential applications in foods--a review. Int J Food 
Microbiol 2004;94:223-53.

10.	 Kalemba D, Kunicka A. Antibacterial and antifungal 
properties of essential oils. Curr Med Chem 
2003;10:813-29.

11.	 Herman A, Herman AP. Essential oils and their 
constituents as skin penetration enhancer for 
transdermal drug delivery: A review. J Pharm Pharmacol 
2015;67:473-5.

12.	 Hyldgaard M, Mygind T, Meyer RL. Essential oils 
in food preservation: Mode of action, synergies, and 
interactions with food matrix components. Front 
Microbiol 2012;3:12.

13.	 Ali B, Al-Wabel NA, Shams S, Ahamad A, Khan SA, 
Anwar F. Essential oils used in aromatherapy: A systemic 
review. Asian Pac J Trop Biomed 2015;5:601-11.

14.	 Donsì F, Annunziata M, Vincensi M, Ferrari G. Design 
of nanoemulsion-based delivery systems of natural 
antimicrobials: Effect of the emulsifier. J Biotechnol 
2012;159:342-50.

15.	 Dima C, Dima S. Essential oils in foods: Extraction, 
stability, and toxicity. Curr Opin Food Sci 2015;5:29-35.

16.	 Santos AM, Silva LHR, Serafim LG, Oliveira LC, 
Oliveira AG. PMMA and its applications in drug 
delivery: A review. Eur Polym J 2020;133:109736.



Mailankote, et al.: PMMA Microcapsules with Peppermint and Origanum Oils

Asian Journal of Pharmaceutics • Jul-Sep 2025 • 19 (3) | 1121

17.	 Saharkhiz MJ, Motamedi M, Zomorodian K, Pakshir K, 
Miri R, Hemyari K. Chemical composition, antifungal 
and antibiofilm activities of the essential oil of Mentha 
piperita L. ISRN Pharm. 2012;2012:718645.

18.	 Nostro A, Roccaro AS, Bisignano G, Marino A, 
Cannatelli MA, Pizzimenti FC, et al. Effects of oregano, 
carvacrol and thymol on Candida albicans and Candida 
tropicalis. Mycoses 2007;50:502-6.

19.	 Nandi SK, Mukherjee P, Roy S, Kundu B, De DK, 
Basu D. Local antibiotic delivery systems for the 
treatment of osteomyelitis - a review. Mater Sci Eng C 
Mater Biol Appl 2009;29:2478-85.

20.Anagnostakos K, Becker SL, Sahan I. Local delivery 
of amphotericin B using bone cement beads in fungal 
osteomyelitis. J Bone Joint Surg Br 2009;91:142-5.

21.	 Healey JH, Shannon F, Boland P, DiResta GR. Use 
of polymethylmethacrylate to deliver antineoplastic 
and antiresorptive agents. Clin Orthop Relat Res 
2003;415:290-9.

22.	 Corry D, Moran JM. Local delivery of NSAIDs using 
PMMA carriers in orthopedic applications. J Biomed 
Mater Res 1998;43:403-8.

23.	 Whalen M, Akula M, McNamee SM, DeAngelis MM, 
Haider NB. Biocompatibility of PMMA intraocular 
lenses and drug-eluting modifications. J Cataract Refract 
Surg 2009;35:1574-80.

24.	 Gharsallaoui A, Roudaut G, Chambin O, 
Voilley A, Saurel R. Applications of spray-drying in 
microencapsulation of food ingredients: An overview. 
Food Res Int 2007;40:1107-21.

25.	 Zuidam NJ, Shimoni E. Overview of microencapsulates 
for use in food products or processes and methods to 
make them. In: Encapsulation Technologies for Active 
Food Ingredients and Food Processing. Germany: 
Springer; 2010. p. 3-29.

26.	 Kaur G, Sarma SM, Kaur H, Kaur R. Microencapsulation 
of essential oils: A comprehensive review on techniques 
and applications. J Drug Deliv Ther 2020;10:264-72.

27.	 Jain A, Jain SK, Ganesh N, Barve J, Beg AM. Design 

and development of ligand-appended polysaccharidic 
nanoparticles for the delivery of anticancer drug. Int J 
Biol Macromol 2013;62:720-7.

28.	 Shahidi F, Zhong Y. Novel antioxidants in food quality 
preservation and health promotion. Eur J Lipid Sci 
Technol 2010;112:930-40.

29.	 Singleton VL, Rossi JA. Colorimetry of total phenolics 
with phosphomolybdic-phosphotungstic acid reagents. 
Am J Enol Vitic 1965;16:144-58.

30.	 Vivek K, Reddy H, Murthy RS. Investigations of the 
effect of some parameters on preparation of celecoxib 
loaded PLGA nanoparticles and its in vitro release. 
Indian J Pharm Sci 2007;69:576-81.

31.	 Bansal V, Malviya R, Sharma PK. Development and 
characterization of enteric coated microspheres for 
targeted delivery of metronidazole. J Adv Pharm Technol 
Res 2011;2:177-81.

32.	 Salehi B,  Mishra AP, Shukla I, Sharifi-Rad M, Contreras 
MD, Segura-Carretero A, et al. Thymol, thyme, and 
other plant sources: Health benefits and pharmacological 
properties. Plants 2018;7:70.

33.	 McKay DL, Blumberg JB. A review of the bioactivity 
and potential health benefits of peppermint tea (Mentha 
piperita L.). Phytother Res. 2006;20:619-33.

34.	 Calvo P, Remuñán-López C, Vila-Jato JL, 
Alonso MJ. Novel hydrophilic chitosan-polyethylene 
oxide nanoparticles as protein carriers. J Appl Polym Sci 
1997;63:125-32.

35.	 Zuidam NJ, Shimoni E. Overview of microencapsulates 
for use in food products or processes. In: Encapsulation 
Technologies for Active Food Ingredients. London: 
Springer; 2010.

36.	 Chang Y, McClements DJ. Physical properties and 
antimicrobial efficacy of essential oil nanoemulsions. 
Food Sci Biotechnol 2012;21:1499-505.

Source of Support: Nil. Conflicts of Interest: None declared.


