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Abstract 
_______________________________________________________________________________________________________________ 
Soap remains one of the most widely used hygiene products for reducing microbial contamination 
of the skin. In recent years, interest has increased in the development of natural antimicrobial 
agents as alternatives to synthetic antiseptics. The present study aimed to formulate a glycerin-
based soap incorporating Cymbopogon citratus essential oil and to evaluate its physicochemical 
properties and antibacterial activity. 

Different soap formulations were prepared using coconut oil, sodium hydroxide, glycerin, ethanol, 
sugar and distilled water. Increasing concentrations of Cymbopogon citratus essential oil (0.5–
2.5%) were incorporated to obtain formulations S1–S5, while S0 served as the reference 
formulation without essential oil. The physicochemical properties of the soaps were evaluated by 
determining pH and foaming capacity. Antibacterial activity was assessed using an experimental 
contamination model involving sterile gloves inoculated with Escherichia coli, followed by 
washing and microbiological analysis. 

The results showed that the formulated soaps exhibited pH values ranging from 9.0 to 12.1. 
Foaming tests demonstrated satisfactory foaming ability, with the highest foam height observed 
for formulation S2. Antibacterial evaluation revealed that formulations containing higher 
concentrations of essential oil (S4 and S5) showed complete inhibition of bacterial growth after 
washing, comparable to commercial antiseptic soaps.  

These findings suggest that incorporation of Cymbopogon citratus essential oil into glycerin-based 
soap may represent a promising approach for developing natural antibacterial cleansing 
products. Further studies involving additional microorganisms and dermatological tolerance 
evaluations are recommended. 

Keywords : Soap formulation; Glycerin soap; Cymbopogon citratus; Essential oil; Antibacterial 
activity; Natural antiseptic 

 

INTRODUCTION 

Soap has been used for centuries as an essential product 
for personal hygiene. Its action is mainly based on the 
mechanical removal of dirt and microorganisms present 
on the skin surface through the action of surfactants 
formed during the saponification of fatty acids. These 
surfactants possess an amphiphilic structure that allows 
the emulsification of lipophilic substances and facilitates 
their removal during rinsing. This mechanism 
contributes to reducing the bacterial load on the skin and 
limiting the transmission of certain pathogenic agents 1,2. 

To improve this effectiveness, the incorporation of 
antiseptic or antimicrobial agents into soap formulations 
is frequently explored. Among the different galenic 

forms, glycerin soaps constitute a particular category 
characterized by a high glycerin content, either naturally 
produced during the saponification reaction or added 
during formulation. Glycerin is a hygroscopic polyol 
known for its humectant properties, enabling it to attract 
and retain water within the stratum corneum. This 
property helps maintain skin hydration and reduce the 
drying effect often associated with traditional soaps 3. 
Because of this improved skin tolerance, glycerin soaps 
are widely used in dermocosmetic formulations intended 
for frequent use. 

Furthermore, the foaming and cleansing properties of 
soaps depend largely on the nature of the fatty acids 
present in the oils used. Coconut oil, which is rich in 
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lauric acid, is particularly appreciated in soap 
manufacturing because of its ability to produce abundant 
and stable foam as well as good cleansing properties 4. 

In the context of the search for natural alternatives to 
synthetic antiseptics such as triclosan or chlorhexidine, 
the incorporation of essential oils with antibacterial 
activity into soap formulations appears to be a promising 
approach 5. Essential oils are generally obtained through 
physical processes such as steam distillation or 
hydrodistillation, which allow the extraction of volatile 
aromatic compounds without the use of organic solvents 
6. Among these natural substances, the essential oil of 
Cymbopogon citratus (lemongrass) has been widely 
studied due to its high citral content, mainly composed of 
geranial and neral, compounds responsible for 
antibacterial activity against various pathogenic bacteria 
7. 

Objective 

The objective of the present study was to formulate a 
glycerin-based soap incorporating Cymbopogon citratus 
essential oil and to evaluate its physicochemical 
properties as well as its antibacterial activity. 

MATERIALS AND METHODS 

Materials 

The equipment used for the preparation and evaluation 
of the formulations included a precision balance, 100 mL 
and 200 mL beakers, a 50 mL graduated cylinder, 100 mL 
and 250 mL Erlenmeyer flasks, a 100 mL graduated 
burette, graduated pipettes, a thermometer, and a pH 
meter. 

Reagents and Raw Materials 

The reagents used in this study included sodium 
hydroxide (lot KZ2334), ethanol (lot 90 Valda), glycerin 
(lot 77YH, Valdafrique), food-grade sugar (lot: not 
applicable), and distilled water. The distilled water used 
for the different preparations was provided by the 
Toxicology Laboratory of the Faculty of Medicine, 
Pharmacy and Odontology (FMPO), Cheikh Anta Diop 
University, Dakar.  

The coconut oil used in the soap formulation was 
obtained from Rahma Cosmétique, a local company 
specialized in cosmetic products. The essential oil of 
lemongrass (Cymbopogon citratus) was purchased from 
a pharmacy 

Methods 

Soap preparation 

The amount of sodium hydroxide required for the 
saponification of the oil was calculated from the 
saponification value of coconut oil according to the 
following equation: 

 

where IS represents the saponification value of the oil 
(mg KOH/g) and mₒᵢₗ represents the mass of oil used (g).                                                                                                                

The base formulation of the glycerin soap consisted of 50 
g of coconut oil, 9.5 g of sodium hydroxide, 13 g of 
glycerin, 31 g of ethanol (95°), 24 g of sugar, and 30 g of 
distilled water 8. Based on this reference formulation 
(S0), different formulations were prepared by 
incorporating lemongrass essential oil (Cymbopogon 
citratus) at increasing concentrations of 0.5%, 1%, 1.5%, 
2%, and 2.5%, corresponding respectively to 
formulations S1, S2, S3, S4, and S5. 

Determination of pH 9 

Ten grams of soap were weighed and dissolved in 
distilled water. The volume was adjusted to 100 mL to 
obtain a soap solution. The pH of this solution was 
measured using a pH meter (Hanna Instruments, model 
HI-211). The pH of soaps generally ranges between 8 and 
10. A pH lower than 8 usually corresponds to 
dermatological bars, whereas a pH higher than 10 may 
cause irritant or corrosive effects on the skin. 

Evaluation of Foam Height Variation 10 

This test was used to evaluate the foaming 
capacity and foam stability of the soaps. One gram of soap 
was introduced into 100 mL of distilled water contained 
in a 250 mL Erlenmeyer flask. The mixture was agitated 
at 250 rpm at a temperature of 80 °C until complete 
dissolution. 

After dissolution, 10 mL of the resulting solution were 
transferred into a 100 mL graduated cylinder. The 
cylinder was manually shaken for 15 seconds to produce 
foam. Foam height was measured immediately (T0) and 
again after 15 minutes (T15) in distilled water. 

Evaluation of Antibacterial Activity 

Principle 

The antibacterial activity of the soaps was evaluated 
using an experimental model of artificial contamination 
of sterile gloves with Escherichia coli, followed by a 
washing step and microbiological analysis to assess the 
reduction of bacterial load. 

Preparation of the Inoculum 

Escherichia coli strains were isolated from pathological 
samples obtained from the microbiology laboratory of 
Hôpital Général Idrissa Pouye. The bacteria were 
cultured on nutrient agar for 24 hours at 37 °C. 

A bacterial suspension was then prepared in sterile 
physiological saline solution (NaCl 0.9%). The turbidity 
of the suspension was adjusted to the 0.5 McFarland 
standard, corresponding approximately to 1.5 × 10⁸ 
CFU/mL 11. 

Contamination of Gloves 

Three milliliters of the bacterial suspension were 
applied to sterile gloves by friction in order to simulate 
hand contamination. 

Washing Procedure 

The contaminated gloves were washed according to the 
hygienic handwashing technique recommended by the 



Diop et al.                                                                                                                                         Journal of Drug Delivery & Therapeutics. 2026; 16(4):74-78 

ISSN: 2250-1177                                                                                           [76]                                                                                             CODEN (USA): JDDTAO 

World Health Organization (WHO) 12 using the following 
products: 

• Distilled water alone 

• Distilled water + ordinary soap 

• Distilled water + NOBACTER soap 

• Distilled water + VALDA antiseptic soap 

• Distilled water + experimental soaps S0–S5 
containing different concentrations of Cymbopogon 
citratus essential oil 

Microbiological Analysis 

After washing, microbiological samples were taken 
immediately (T0) and 5 minutes after washing (T+5 
min). The samples were inoculated onto nutrient agar 
and incubated at 37 °C for 24 hours 13. The resulting 
bacterial colonies were counted and expressed as 
colony-forming units (CFU). 

Interpretation 

The antibacterial activity of the soaps was evaluated by 
comparing the reduction in the number of colony-
forming units (CFU) observed after washing for each 
tested formulation. 

It should be noted that this study did not include the use 
of a neutralizing agent intended to inactivate the residual 
activity of the soap before inoculation. However, the 
main objective of this work was to compare the relative 
effect of the different soap formulations, particularly the 
influence of the incorporation of Cymbopogon citratus 
essential oil, as all experimental conditions were kept 
identical for all samples analyzed. 

Therefore, the absence of a neutralizing agent does not 
affect the comparison between formulations, since the 
methodology applied was strictly identical for both the 
control soaps and the soaps containing essential oil. The 
antibacterial activity observed can thus be interpreted as 
a comparative indication of the effectiveness of the 
different formulations. 

RESULTS 

Appearance of the soaps 

All soap formulations showed a similar macroscopic 
appearance regardless of the concentration of essential 
oil incorporated. Figure 1 illustrates the appearance of a 
representative soap containing 4 g of lemongrass 
essential oil (Cymbopogon citratus). 

                                                             

Figure 1: Appearance of the soap 

pH of the soaps 
The determination of the pH of the soaps yielded the 
following results. 

Table I : pH Soap 

Soap pH (mean ± SD) 

S0 12.1 ± 0.1 

S1 10.0 ± 0.1 

S2 10.0 ± 0.1 

S3 9.8 ± 0.1 

S4 9.7 ± 0.1 

S5 10.1 ± 0.1 

Nobacter 9.0 ± 0.1 

Valda 9.3 ± 0.1 

Ordinary 10.1 ± 0.1 

 

Foaming capacity 
The foaming properties of the soaps according to the 
concentration of essential oil are presented in Table II. 

Table II. Foam height of the different soap formulations 
measured immediately after agitation (T0) and after 15 
minutes (T15) (mean ± standard deviation, n = 3). 

Soap T0 (cm) T15 (cm) 

S0 2,0 ± 0,1 2,0 ± 0,0 

S1 4,0 ± 0,2 3,5 ± 0,1 

S2 7,0 ± 0,3 6,0 ± 0,2 

S3 3,0 ± 0,1 2,0 ± 0,1 

S4 2,5 ± 0,1 2,5 ± 0,1 

S5 2,0 ± 0,1 1,5 ± 0,1 

Nobacter 5,4 ± 0,2 5,0 ± 0,1 

Valda 5,7 ± 0,2 5,0 ± 0,2 

Ordinaire 4,5 ± 0,2 4,0 ± 0,1 

 

Determination of the antibacterial activity of the 
soaps 

The antibacterial activity against Escherichia coli yielded 
the results presented below.                     

Table III. Antibacterial test on contaminated gloves. 

Savons T0 T5 

S0 + + 

S1 + + 

S2 + + 

S3 + + 

S4 - - 

S5 - - 

Savon Valda - - 

Nobacter - - 

Savon Ordinaire + + 

Eau distillée + + 

+ : bacterial growth 
– : absence of bacterial growth 
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DISCUSSION 

The results obtained in this study show that the 
incorporation of Cymbopogon citratus essential oil into a 
glycerin soap matrix makes it possible to obtain 
formulations exhibiting satisfactory physicochemical 
properties as well as notable antibacterial activity. 

The pH analysis showed that the different formulations 
presented values ranging from 9.0 to 12.1. Soaps 
containing essential oil generally exhibited pH values 
between 9.7 and 10.1, which are consistent with those 
commonly observed for alkaline soaps produced by the 
saponification of vegetable oils. These results are 
consistent with literature data indicating that traditional 
soaps generally exhibit pH values between 9 and 10 (9). 
However, formulation S0 showed a higher pH value 
(12.1), which may be related to the absence of additives 
capable of modifying the alkaline balance of the soap 
matrix. High pH values may promote drying or irritating 
effects on the skin, highlighting the importance of 
modified formulations aimed at improving skin tolerance 
14. 

The study of foaming capacity showed that formulations 
containing essential oil exhibited variable foam heights. 
Formulation S2 showed the highest foam height (7.0 cm 
at T0 and 6.0 cm at T15), indicating good foaming ability 
and satisfactory foam stability. These results may be 
attributed to the presence of coconut oil rich in lauric 
acid, a fatty acid known to promote abundant and stable 
foam formation in soap formulations 4. The decrease in 
foam height between T0 and T15 observed for certain 
formulations reflects the progressive destabilization of 
foam, a phenomenon commonly observed in surfactant 
systems. 

The evaluation of antibacterial activity showed that 
certain formulations containing Cymbopogon citratus 
essential oil exhibited notable activity against 
Escherichia coli. Formulations S4 and S5 showed no 
bacterial growth after washing, similar to the results 
observed with the commercial antiseptic soaps tested 
(Valda and Nobacter). In contrast, formulations 
containing lower concentrations of essential oil (S0 to 
S3) did not completely inhibit bacterial growth. These 
results suggest a relationship between the concentration 
of essential oil incorporated and the antibacterial activity 
of the soap. 

The antibacterial activity observed may be attributed to 
the presence of citral in Cymbopogon citratus essential 
oil. This compound, mainly composed of geranial and 
neral, is recognized for its antimicrobial activity against 
several pathogenic bacteria, particularly Gram-negative 
bacteria such as Escherichia coli 5,15. Essential oils 
generally exert their antimicrobial activity by disrupting 
the integrity of bacterial cell membranes, leading to 
increased membrane permeability and inhibition of 
certain essential enzymatic functions 16,17. 

These results confirm the potential interest of 
incorporating essential oils into soap formulations as 
natural alternatives to synthetic antiseptics. However, 
certain limitations should be noted. The study was 
conducted on a single bacterial species and under 

simplified experimental conditions. In addition, the 
absence of a neutralizing agent before inoculation may 
have influenced the antibacterial activity observed. 
Nevertheless, since the experimental conditions were 
identical for all formulations, the relative comparison 
between the different soaps remains valid. 

Overall, this study highlights the potential of 
Cymbopogon citratus essential oil as a natural 
antibacterial agent in glycerin soaps. Further studies 
involving other microorganisms, additional 
physicochemical analyses, and dermatological tolerance 
evaluations would help confirm and optimize these 
findings. 

CONCLUSION 

This study made it possible to formulate a glycerin soap 
incorporating different concentrations of Cymbopogon 
citratus essential oil and to evaluate its physicochemical 
properties as well as its antibacterial activity. The results 
obtained show that certain formulations, particularly S4 
and S5, exhibit notable antibacterial activity against 
Escherichia coli, comparable to that observed with 
commercial antiseptic soaps. The incorporation of 
lemongrass essential oil therefore appears to be a 
promising approach for the development of natural 
antibacterial soaps. Further studies involving additional 
microorganisms and more extensive dermatological 
tolerance evaluations are required to confirm these 
findings. 

Acknowledgements: The authors thank the Laboratory 
of Toxicology of the Faculty of Medicine, Pharmacy and 
Odontology, Cheikh Anta Diop University, Dakar, for 
providing laboratory facilities used in this study. 

Conflict of Interest: The authors declare that there is no 
conflict of interest regarding the publication of this 
paper. 

Funding: This research received no specific grant from 
any funding agency. 

Author Contributions: All authors have equal 
contributions in the preparation of the manuscript and 
compilation. 

Source of Support: Nil 

Informed Consent Statement: Not applicable.  

Data Availability Statement: The data presented in 
this study are available on request from the 
corresponding author.   

Ethical approval: Not applicable. 

REFERENCES 

1. Spitz L. Soap Manufacturing Technology. AOCS Press; 2009. 

2. World Health Organization. WHO Guidelines on Hand Hygiene in 
Health Care. WHO Press; 2009. 

3. Fluhr JW, Darlenski R, Surber C. Glycerol and the skin: holistic 
approach to its origin and functions. Acta Derm Venereol. 
2008;88:215-221. https://doi.org/10.1111/j.1365-
2133.2008.08643.x PMid:18510666 

4. Simmons WH, Appleton HA. The Handbook of Soap Manufacture. 
London; 1912. 

https://doi.org/10.1111/j.1365-2133.2008.08643.x
https://doi.org/10.1111/j.1365-2133.2008.08643.x


Diop et al.                                                                                                                                         Journal of Drug Delivery & Therapeutics. 2026; 16(4):74-78 

ISSN: 2250-1177                                                                                           [78]                                                                                             CODEN (USA): JDDTAO 

5. Burt S. Essential oils: their antibacterial properties and potential 
applications. Molecules. 2004;9:253-266. 
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022 
PMid:15246235 

6. Baser KHC, Buchbauer G. Handbook of Essential Oils: Science, 
Technology, and Applications. CRC Press; 2010. 
https://doi.org/10.1201/9781420063165 

7. Oussalah M et al. Antimicrobial effects of selected plant essential 
oils. Journal of Applied Microbiology. 2007;102:1236-1245 

8. Diop M. Formulation d'un savon transparent antibactérien à base 
d'huile essentielle. Communication présentée au congrès SOAPGI; 
2023. https://doi.org/10.57220/jatpb.v2i3.71 

9. Warra AA. Physicochemical analysis of soap produced from 
different oils. J Chem Pharm Res. 2013;5(7):1-7. 

10. Zoller U. Handbook of Detergents: Part A - Properties. Marcel 
Dekker; 2001. 

11. Carroll KC, Pfaller MA, Landry ML, et al. Manual of Clinical 
Microbiology. 12th ed. Washington DC: ASM Press; 2019. 
https://doi.org/10.1128/9781555819842 

12. World Health Organization. WHO Guidelines on Hand Hygiene in 
Health Care. Geneva: WHO Press; 2009. 

13. Clinical and Laboratory Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing. CLSI document 
M100. Wayne, PA; 2021. 

14. Lambers H, Piessens S, Bloem A, Pronk H, Finkel P. Natural skin 
surface pH is on average below 5, which is beneficial for its 
residentflora. International Journal of Cosmetic Science. 
2006;28:359-370. https://doi.org/10.1111/j.1467-
2494.2006.00344.x PMid:18489300 

15. Onawunmi GO. Evaluation of the antimicrobial activity of citral. 
Phytotherapy Research. 1989;3(4):149-152. 
https://doi.org/10.1111/j.1472-765X.1989.tb00301.x 

16. Oussalah M, Caillet S, Saucier L, Lacroix M. Inhibitory effects of 
selected plant essential oils on the growth of microorganisms. 
Journal of Applied Microbiology. 2007;102:1236-1245. 

17. Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of 
essential oils - A review. Food and Chemical Toxicology. 
2008;46:446-475. https://doi.org/10.1016/j.fct.2007.09.106 
PMid:17996351

 

https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1201/9781420063165
https://doi.org/10.57220/jatpb.v2i3.71
https://doi.org/10.1128/9781555819842
https://doi.org/10.1111/j.1467-2494.2006.00344.x
https://doi.org/10.1111/j.1467-2494.2006.00344.x
https://doi.org/10.1111/j.1472-765X.1989.tb00301.x
https://doi.org/10.1016/j.fct.2007.09.106

