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Abstract
Background: Herbal soaps formulated with plant-derived extracts 
offer antimicrobial benefits and are gentler on the skin compared 
to synthetic alternatives, making them effective for hygiene and 
infection prevention. 
Objective: This study evaluates the antimicrobial activity and 
physicochemical properties of herbal soap containing Terminalia 
bellerica and Ocimum tenuiflorum extracts.
Results: The soap exhibited significant antimicrobial activity against 
Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae, 
with the highest inhibition at 4 mg/mL (0.8 g extract per 40 g soap), 
achieving zones of inhibition up to 20.88 ± 1.83 mm against S. aureus. 
Physicochemical tests revealed optimal properties in formulation 
6, with a pH of 8.90 ± 0.10, foamability of 10.30 ± 0.10 cm, and 
moisture content of 13.15 ± 0.10%.
Conclusion: The herbal soap demonstrates potential as an effective, 
natural antimicrobial agent, suitable for use in resource-limited 
settings, though further research is needed to explore its long-term 
efficacy and scalability.
Introduction
   The skin is the body's largest organ, making up about 15% of 
adult body weight, and functions in protection, water retention, and 
temperature regulation [1]. Herbal soap is made from plant parts with 
antibacterial and antifungal properties to treat injuries, diseases, or 
promote health [2].
   Herbal skincare products with antibacterial and antifungal 
properties are made from plant parts like leaves, stems, bark, and 
fruits and they are used to treat skin infections [3]. The use of various 
herbal remedies for treating skin infections has been studied by 
many ancient medical systems, including Ayurveda, Siddha, and 
Unani [4]. Today, hand washing and good hand hygiene are believed 
to be among the most effective ways to stop the transmission of

infections like COVID-19 and prevent respiratory and diarrheal 
illnesses [5].
   O. tenuiflorum leaves contain 0.7% volatile oil, mainly 71% 
eugenol and 20% methyl eugenol, with carvacrol and caryophyllene. 
Antioxidant compounds include cirsilineol, circimaritin, isothymusin, 
apigenin, rosmarinic acid, and eugenol, along with flavonoids 
orientin and vicenin [6]. The leaves of Terminalia bellerica enhance 
appetite, relieve piles, lower cholesterol and blood pressure, boost 
immunity, prevent aging, and enhance the body's resistance. They 
are commonly used as traditional medicine for the above ailments 
by the people of Coimbatore district [7]. Its fruits' triterpenoids show 
antimicrobial activity, and kernel oil has a well-tolerated purgative 
effect [8]. The current effort focuses on manufacturing medicated 
herbal soap that utilizes the active properties of various herbs, making 
it an antioxidant and antibacterial soap suitable for regular use [9].
   The need for a good herbal soap is emphasized from a recent study 
which found that the prevalence of diarrhea in Nepal varied widely 
across provinces, ranging from 3.7% to 9.0% within a two-week 
period. According to the WHO, 1,193 children under five died from 
diarrhea in Nepal in 2017 [10]. There is a critical need for a non-
synthetic approach to combat these germs, which is why we conducted 
a study on the formulation and characterization of herbal soap 
using Tulsi and Barro flowers, seeds, and other natural ingredients 
[10]. A polyherbal soap that was formulated with sandalwood and 
orange peel extracts and assessed across multiple parameters, such 
as organoleptic properties, pH, foam height and retention, skin 
irritation potential, and stability at high temperatures. The resulting 
soap demonstrated an appealing appearance, efficient cleansing and 
foaming abilities, and was free from any adverse effects [11].
   Herbal materials also include extracts, resins, and powders, 
produced through processes like extraction, purification, and 
concentration [12]. According to Majumdar et al. [13], herbal soap, 
made from botanical herbs and plant-based ingredients, is a healthier
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alternative to regular soap [13]. Soap, in the form of bars, liquids, or 
detergents, is used daily. It’s made by hydrolyzing fats with sodium 
hydroxide to form sodium salts of fatty acids and glycerol. The 
cleansing action comes from hydrocarbon chains attracted to oil and 
carboxyl groups attracted to water [12].
Methodology
   O. tenuiflorum leaves were collected from courtyards and air-dried 
at room temperature before being finely ground into a powder. Three 
hundred grams of this powder was then macerated with pure ethanol, 
and a clear filtrate was obtained using Whatman cellulose filter paper. 
The filtrate was subsequently dried at 70ºC to yield a solid residue of 
O. tenuiflorum extract [6]. Collection of plant materials, especially 
the pericarp of T. bellerica, was conducted, followed by size reduction 
and sieving. The crude drug was dissolved in a suitable solvent (99% 
ethanol) at a ratio of 1:10. The mixture was left for 2–3 days, after 
which filtration was performed. The filtered solvent was heated at 
70°C until all the solvent evaporated. The extract was collected and 
stored at a suitable temperature. The microorganisms were obtained 
from the culture collection at the Laboratory of Microbiology, Star 
Hospital Private Limited. The isolates were purified by touching 
the surface of the microbial population with an inoculating loop and 
transferring them to a new media, which was incubated at 37ºC for 24 
hours. For further use, the isolates were maintained and refrigerated 
at 4°C.

•	 Escherichia coli (Resistant)-922
•	 Escherichia coli (Sensitive)-962
•	 Staphylococcus aureus – 936
•	 Klebsiella pneumonia–968
Preparation of soap samples:
   A sterile blade was used to scrape each soap sample, which was 
then dissolved in sterile distilled water under sterile conditions. The 
stock solution was prepared and stored in the refrigerator for further 
use.
Method of soap formulation:
   The hot process involves cooking oils and fats, along with stearic 
acid and beeswax, until a trace is formed. Full saponification occurs 
only when the mixture is cooked thoroughly. The procedure includes 
dissolving lye in water and heating the oil in a separate pot. The lye 
solution is then mixed with the oil and stirred until a trace is formed. 
The soap batter is cooked at low temperature for 1.5 to 2 hours, 
stirring occasionally as needed. All necessary ingredients, along with 
extracts, are mixed in, and the soap batter is poured into molds and 
left to cool until hardened. After cooling, the soap is removed from 
the molds and cut into pieces.

Size reduction and sieving of plant materials

Extraction of crude extracts

Gather all necessary ingredients (oils and chemicals)

Preparation of lye solution and heating of oils and fats 

Add lye solution in oil and cook until trace 

Pour soap batter into mould and leave it to cool

Antibacterial testing and finding of other necessary parameters

Figure.1 Flowchart of methodology

Foamability test:
   2.0 g of soap was taken in 50 ml of distilled water in a 100 ml 
measuring cylinder. It was dissolved well and shaken vigorously for 
up to 2 minutes. After 10 minutes, the foam height was measured. 
This process was repeated three times, and the mean was calculated 
[14].
pH analysis test:
   A pH meter was used to determine the pH of the sample. 2.0 g 
of soap was dissolved in 50 ml of deionized water. The pH was 
measured three times, and the mean value was calculated [14].
Moisture content test:
   Moisture content was determined by the hot oven method. Five

grams of soap were weighed in a petri dish and dried at a constant 
temperature of about 105ºC in a hot air oven, then cooled for some 
time. The initial and final weights were accurately measured, and the 
percentage moisture content was calculated [15].
Saponification value test:
   The saponification value is defined as the number of mg of KOH 
required to completely hydrolyze (saponify) one gram of fat or oil. 
Two grams of the given fat or oil were placed in a conical flask. 
Twenty-five milliliters of 0.5 N alcoholic potassium hydroxide was 
measured and added to it. The conical flask was heated for 30–60 
minutes by connecting it to a reflux condenser with a continuous flow 
of water. The conical flask was then allowed to cool for 30 minutes, 
and 1 ml of phenolphthalein was added. The sample was titrated
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against 0.5 N HCl solution using a burette and stand. A blank 
experiment (leaving out the fat or oil) was performed, and the volume 
of HCl required was noted. The initial and final readings were 
recorded, and the saponification value was calculated.
Antimicrobial test
   For the antibacterial test, soap solutions of various concentrations 
were tested using the disc diffusion method with different bacteria, 
including E. coli (both sensitive and resistant strains), S. aureus, 
and K. pneumoniae. Soap samples with different herbal content 
were prepared and compared to Dettol (bar soap, item model no. 
HHDCOMBJUN41). One gram of soap was dissolved in distilled 
water. Petri dishes with culture media were prepared, and the 
bacterial inoculation was performed. Test samples were transferred 
to the Petri dishes at different spots. The plates were incubated for 
12 to 24 hours at 37ºC, and the zones of inhibition were observed 
around the discs [15].

Statistical analysis
   To analyze the data statistically, normality was initially tested to 
verify if the data followed a normal distribution. Homogeneity of 
variance was confirmed to ensure that the outcome distributions 
were comparable across groups. A one-way Analysis of Variance 
(ANOVA) at a 95% confidence level was employed to assess the 
inhibition zones, and an independent samples t-test was conducted 
in SPSS 29.1.1.0 to compare the means and standard deviations 
between the two groups.
Results
Saponification value data of different oils and fat
   The saponification test was carried out for coconut oil, castor oil, 
and beeswax. The results were tabulated as follows: saponification 
value of beeswax (90.04), castor oil (136.93), and coconut oil 
(181.38).

S.no Particular(gram) Ft1 Ft2 Ft3 Ft4 Ft5 Ft6 Ft7
1. KOH 3.49 3.49 3.49 3.49 3.49 3.4 3.49
2. Castor oil 15 13 8.50 8 8 8 7.89
3. Coconut oil 4 6 8.50 6.4 6.4 6.4 2.63
4. Bees wax 1 1 1.26 2.4 2.4 2.4 5.26
5. Stearic acid 4 4 1.74 3.2 3.2 3.2 4.21
6. Nacl 2 2 1.43 0.72 0.72 0.93 1.04
7. Mgso4 0.50 0.50 0.24 0.47 0.70 0.70 0.69
8. SLS 1 1 0.48 0.58 0.58 0.58 0.58
9. Talc 0.71 0.71 0.71 0.71 0.93 0.93 0.93
10. EDTA 0.23 0.23 0.23 0.23 0.46 0.46 0.58
11. Water 7.60 7.60 7.60 7.60 7.60 7.60 7.60
12. Glycerin 0.82 0.82 0.82 0.42 0.42 0.82 0.42
13. Coloring 

agent(lycopene)
0.2 0.2 0.2 0.2 0.2 0.2 0.2

Table.1 Different composition of Formulations trial without extracts (40 g soap)
Where, Ft= Formulation trials

S.No Particular(gram) F8 
0.5mg/ml

F9 
1mg/ml

F10
2mg/ml

F11
4mg/ml

F12
Blank

1. Coconut oil 6 6 6 6 6
2. Water 3.80 3.80 3.80 3.80 3.80
3. KOH 2.08 2.08 2.08 2.08 2.08
4. Castor oil 2 2 2 2 2
5. Bees wax 1 1 1 1 1
6. Stearic acid 1 1 1 1 1
7. SLS 0.48 0.48 0.48 0.48 0.48
8. Nacl 0.36 0.36 0.36 0.36 0.36
9. Talc 0.30 0.30 0.30 0.30 0.30
10. Glycerin 0.24 0.24 0.24 0.24 0.24
11. Mgso4 0.13 0.13 0.13 0.13 0.13
12. EDTA 0.06 0.06 0.06 0.06 0.06
13. O. Tenuiflorumextract 0.1 0.2 0.4 0.8   -
14. T.bellerica extract 0.1 0.2 0.4 0.8 -
15. Color(lycopene) 0.02 0.02 0.02 0.02 0.02

Table.2 Formulation with extracts (mg/ml) in 20m soap
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S.N Formulations pH  test value Foamability test 
value (cm)

Moisture content 
value (%)

1 Formulation 1 8.50±00 8.13±0.15 14.36±0.37
2 Formulation 2 8.26±0.05 8.20±0.15 12.76±0.32
3 Formulation3 8.63±0.05 7.67±0.05 13.03±0.15
4 Formulation 4 8.53±0.05 7.33±0.05 14.20±0.20
5 Formulation 5 8.63±0.05 7.30±0.10 13.30±0.24
6 Formulation 6 8.90±0.10 10.30±0.10 13.15±0.10
7 Formulation 7 8.53±0.05 8.16±0.15 14.35±0.15
8 Dettol(-vecontrol)  8.13±0.57 12.26±0.25 3.77±0.57

Table 3. Physical parameters of soap

Note: Values are expressed in mean ± SD
   Different formulations were initially prepared, and physical 
parameters were analyzed, including pH test, foamability test, and 
moisture content test. The mean value and standard deviation were 
calculated using SPSS 29.1.1.0. The results were tabulated, showing a 
comparably higher pH value, higher foamability, and lower moisture

content percentage. Upon evaluation, the pH value of soap was 8.90 
± 0.10, foamability was 10.0 ± 0.10, and moisture content was 12.11 
± 0.10 for formulation 6, which exhibited the best parameters among 
the samples.

S.no Microorganism -ve 
control

+ve control Dettol 0.5mg/
ml

1mg/
ml

2mg/
ml      

4mg/
ml

1 Staphylococcus 
aureus(936)

   0 31.11±1.05 0      0 11.44±1.13 12.55±1.7 20.88±1.83

2 Escherichia coli 
S(962)

   0 31.44±1.13 0       0 2.77±1.2 6.22±1.4 11.22±1.20

3 Escherichia coli  
R(922)

    0 21.44±1.13 0       0 2.4±0.52  3.0±0.86 11.66±1.32

4 Klebsiella 
pneumonia(968)

     0 13.66±1.32 0       0  3.11±1.0  5±0.86 11.11±1.53

Table.4 Antimicrobial (zone of inhibition) results

Note: Values are expressed in mean (mm) ± SD, Amikacin (30mcg) - standard, Dettol (+ve control), Blank (-ve 
control), R – resistant bacteria, S – sensitive bacteria.

   Herbal soap been demonstrated on different microorganism like S. 
aureus, E. coli and K. pneumonia for the antibacterial testing. The 
result was been analyzed and listed as shown in Table4. Different 
concentration (0.5mg\ml, 1mg/ml, 2mg\ml, 4mg\ml), Amikacin 
(30mcg), Dettol (100mg/ml, +ve control) and blank (100mg/ml, -ve 
control) was tested.
   The average diameter of the Zone of Inhibition of produced by 
herbal soap containing extracts of T. bellerica and extracts of O. 
sanctum at a ratio 0.5mg/ml in inhibiting the growth of E. coli 
(resistant) was 0 mm (no response), 1mg/ml was 2.4±0.52 mm, 2mg/
ml was 3.0±0.86 mm, 4mg/ml was11.66±1.32 mm and Standard (30 
mcg) was 21.44±1.13 mm. No response in Dettol and Blank was 
seen.
   The average diameter of the inhibition zone produced by herbal 
soap containing extracts of T. bellerica and extracts of O. sanctum at a 
ratio 0.5mg/ml in inhibiting the growth of S. aureus was Herbal soap 
was tested against different microorganisms, including S. aureus, E. 
coli, and K. pneumoniae, for antibacterial activity. The results were 
analyzed and are listed in Table 4. Different concentrations (0.5 mg/
ml, 1 mg/ml, 2 mg/ml, and 4 mg/ml), along with amikacin (30 mcg) 
as a positive control and Dettol (100 mg/ml) and blank (100 mg/ml) 
as negative controls, were tested.
   The average diameter of the zone of inhibition produced by 
herbal soap containing extracts of T. bellerica and O. sanctum at a 
concentration of 0.5 mg/ml against E. coli (resistant) was 0 mm (no 
response); at 1 mg/ml, it was 2.4 ± 0.52 mm; at 2 mg/ml, it was 3.0 
± 0.86 mm; at 4 mg/ml, it was 11.66 ± 1.32 mm; and for the standard 
(30 mcg), it was 21.44 ± 1.13 mm. No response was observed in 
Dettol and the blank.

   The average diameter of the inhibition zone produced by herbal soap 
containing extracts of T. bellerica and O. sanctum at a concentration 
of 0.5 mg/ml against S. aureus was 0 mm (no response); at 1 mg/ml, 
it was 11.44 ± 1.13 mm; at 2 mg/ml, it was 12.55 ± 1.7 mm; at 4 mg/
ml, it was 20.88 ± 1.83 mm; and for the standard (30 mcg), it was 
31.11 ± 1.05 mm. No response was observed in Dettol and the blank.
   The average diameter of the inhibition zone produced by herbal soap 
containing extracts of T. bellerica and O. sanctum at a concentration 
of 0.5 mg/ml against E. coli (sensitive) was 0 mm (no response); at 1 
mg/ml, it was 2.77 ± 1.7 mm; at 2 mg/ml, it was 6.22 ± 1.4 mm; at 4 
mg/ml, it was 11.22 ± 1.20 mm; and for the standard (30 mcg), it was 
31.44 ± 1.13 mm. No response was observed in Dettol and the blank.
   The average diameter of the inhibition zone produced by herbal soap 
containing extracts of T. bellerica and O. sanctum at a concentration 
of 0.5 mg/ml against K. pneumoniae was 0 mm (no response); at 1 
mg/ml, it was 3.11 ± 1.0 mm; at 2 mg/ml, it was 5 ± 0.86 mm; at 4 
mg/ml, it was 11.11 ± 1.53 mm; and for the standard (30 mcg), it was 
13.66 ± 1.32 mm. No response was observed in Dettol and the blank.
   Post hoc analysis of S. aureus has shown that the zone of inhibition 
at a concentration of 4 mg/ml is significantly different from both 
the standard and the control but similar to the zone of inhibition at 
a concentration of 2 mg/ml. Similarly, the zone of inhibition at a 
concentration of 2 mg/ml is different from the zones of inhibition 
at 4 mg/ml, the control, and the standard but similar to the zone of 
inhibition at a concentration of 1 mg/ml. Lastly, the zone of inhibition 
at a concentration of 4 mg/ml is different from all concentrations 
in the control group. In comparison, the standard is significantly 
different from all concentrations.
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S.N Microorganism -ve 
control

Std +ve 
control

   0.5
mg/ml

1
mg/ml

2
mg/ml

3
mg/ml

1 S. aureus    0 31.11±1.05*     0      0 11.44±1.13* 12.55±1.66* 20.88±1.83*
2 E. coli    0 31.44±1.13*      0       0 2.77±1.2* 6.22±1.4* 11.22±1.20*
3 E. coli  R    0 21.44±1.13*       0       0 2.4±0.52*  3.0±0.86* 11.66±1.32*
4 K. pneumonia    0 13.66±1.32*       0       0  3.11±1.0*  5±0.86* 11.11±1.53*

Table 5.Post hoc analysis test
  Post hoc analysis for E. coli (sensitive) has indicated that the zone of 
inhibition at a soap concentration of 1 mg/ml is significantly different 
from all concentrations, the control, and the standard. Similarly, the 
zone of inhibition at a concentration of 2 mg/ml is significantly 
different from all concentrations, the control, and the standard. 
Lastly, the zone of inhibition at 4 mg/ml is significantly different 
from all concentrations, along with the control and standard, in 
inhibiting bacterial growth. Some regrowth of bacteria was observed 
after 24 hours of incubation.
   In the post hoc analysis for E. coli (resistant), it was found that the 
zone of inhibition at a concentration of 1 mg/ml of soap is similar to 
that at 2 mg/ml but significantly different from the concentrations 
of 4 mg/ml, the standard, and the control. Similarly, the zone of 
inhibition at a concentration of 2 mg/ml is similar to that at 1 mg/ml

and different from the concentrations of 4 mg/ml, amikacin, and the 
control. Lastly, the zone of inhibition at 4 mg/ml is different from the 
zones of inhibition of all concentrations, the control, and amikacin. 
Resistance was observed in the zone of inhibition after 12-14 hours 
of incubation.
   In the analysis for K. pneumoniae, it was found that the zone of 
inhibition at a concentration of 1 mg/ml of soap is significantly 
different from all concentrations and the control. Similarly, the zone 
of inhibition at a concentration of 2 mg/ml is different from the zones 
of inhibition of all concentrations, the control, and the standard. 
Lastly, the zone of inhibition at 4 mg/ml is significantly different 
from all concentrations, the control, and the standard in inhibiting 
bacterial growth.

Figure.1 Line diagram of zone of inhibition in E. coli (Resistant)

Figure.2 Line diagram of mean zone of inhibition in E. coli (sensitive)
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between 9 and 16% [17] High Foamability due to fatty acid contained 
in oil [16, 18, 19] and ph ranges from 9-10 [20]. Our formulation trial 
revealed that formulation 6 shows minimum moisture content, high 
Foamability and almost required pH i.e. 8.90 and was best to be used 
for preparation of soap containing extracts.
   The evaluation of the herbal soaps antimicrobial properties in this 
study revealed that the soaps had antimicrobial activity against the 
tested bacteria in a concentration-dependent manner, indicating that 
the herbs or plant parts used in the production of these soaps had 
antimicrobial principles [21]. The inhibitory action was organism 
dependent in addition to concentration dependent. In our study 
concentration was in increasing dose i.e. 0.5mg/ml – 4mg/ml and 
single concentration of standards and controls.
   Phytochemical compounds which are necessary for biologically 
active and thus partially responsible for antimicrobial activities such

Discussion
   Soaps are commonly used cleaning agents that help remove dirt and 
germs by disrupting microbial cell membranes and proteins. In this 
study, the soaps displayed different levels of effectiveness against 
the bacteria tested. Herbal soaps are gaining popularity because of 
their advantages over synthetic soaps, which often contain artificial 
ingredients and colors that can irritate the skin. Many plants possess 
antimicrobial properties, making them valuable for inclusion in soap 
formulations that can then be evaluated for their antimicrobial effects 
[16].
   The present study was based on parameters of soap i.e. physical 
and chemical parameters, along with antimicrobial testing (zone 
of inhibition) on Staphylococcus aureus, Escherichia coli and 
Klebsiella pneumonia.
   Kuntom et al. soap prepared with coconut oil, glycerin, olive oil, 
palm oil and canola oil showed results that moisture content was

Figure.3 Line diagram of mean zone of inhibition in S. aureus

Figure.4Line diagram of mean zone of inhibition in K. pneumonia
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Recommendation
•	 Further exact study must be done to know exact antimicrobial 

property in increasing concentration and saturation point 
analyzing.

•	 Herbal soap formulated can be further tested on other gram 
positive, gram negative and resistant skin bacteria. 

•	 Formulation optimization includes hardness increments, foam 
retention time increment and better concentration formulation 
standard. 

•	 Other related parameters like acid insoluble ash, fatty matter 
content, hardness etc. can also be tested.

Conflict of interest: The authors declare no conflict of interest.
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including impetigo, furuncles, carbuncles, and acne are caused by 
this group of gram positive bacteria [24].
   A 50% (w/v) ethanol extract of O. sanctum leaves inhibited the 
growth of three bacterial strains—S. pyogenes ATCC 14615, S. 
aureus ATCC 16799, S. mutans KPSK2—as well as C. albicans 
ATCC 10231, showing varying levels of effectiveness. Using the agar 
disk diffusion method, S. pyogenes showed the highest sensitivity 
to the ethanol extract of O. sanctum. The antimicrobial activity of 
this extract was assessed against the tested microbes by the agar disk 
diffusion method [25].
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blank and controls.
Conclusion
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   Future research could explore the specific mechanisms behind 
the antimicrobial activity of the herbal extracts and their long-
term effects on skin health, as well as the feasibility of scaling up 
production for commercial use.
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