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ABSTRACT

The standard bar soap and medicinal soap were prepared by neem oil continuous process. The prepared soap
characterized by XRD for structural analysis of scriber and surface morphology was studied by TEM images. It is
observed from XRD that the orthorhombic structure of montmorillonite clay and hexagonal wurtzite with cubic
zincblende structure of incorporated ZnO in medicinal soap. TEM images shows the nanostructured ZnO and MMT
clay embedded in the medicinal soap homogeneously and its size is around ~7 nm of ZnO and around ~22 nm of
MMT clay respectively. The standard bar soap was also prepared by blending 1:4 ratio of coconut oil and vegetable
ghee. These blends of standard bar soap and medicinal soap with small amount of MMT clay, carboxy methyl
cellulose (CMC), and ethylene diamine tetra-acetic acid (EDTA) have shown high foam length of 41 ml for standard
bar soap, 45 ml for medicinal soap and 42 ml for commercial soap respectively. The oil interaction indicates the
formation of emulsion and forms precipitate with salts such as MgCl, and FeCls. The antimicrobial activity of the
prepared soap was studied against bacteria especially E. coli. The soap with medicinal value was highly effective
against E. coli and has high area of inhibition of 24 mm vertical diameter and 23 mm horizontal diameter compared
with Lifebuoy soap.
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INTRODUCTION

Soap is sodium or potassium salts of fatty acids are composed of a long chain of hydrocarbon with carboxylic acid group at
one end has ionic bond with metal ions such as sodium or potassium [1]. There are several factors which affect the soap
making process such as quality of oil, amount of sodium hydroxide and essential oils used in the fabrication of soap. In
continuous process the fabrication of soap is influenced free fatty acid content of the oils, heating temperature, starring time
and speed [2]. The most common oils and fats used to prepare soap are coconut oil because of its easy hardening even
though it contains high volume of moisture contents compare to other vegetables oils. The vegetable fats mixed with oils in
proper ratio can reduce the water retain capacity of coconut oil during saponification and soap quality can be improved
significantly [3, 4].

Soap is used every day and it plays vital role in maintaining the health, skin nourishment and freshness of our body. Hence,
it is important to manufacture multifunctional soap that can have not only cleaning properties but also should contains
cosmetic and medicinal values. It is well know that the many natural ingredients have medicinal and cosmetic values which
is low cost, easy to extract, good aroma and does not have any side effects. Many natural ingredients such as Neema oil
which contains various essential fatty acids, triglycerides and vitamin E which can be penetrate into the skin and can be
heal the micro cracks and wounds on the skin [5 - 7]. We have used other oils such as Moringa oil aand black cumin oils to
prevent and curing of disease such as pyodermia and constipation [8]. Aloe vera and Eucalyptus oil extracted oils have
multi-benefits that relive skin irritation, rejuvenate, promoting skin circulation, healing wounds, and easing muscle tension
in harsh environment [9]. Some of the oils such as Rosemary oil and Olive oil have large cosmetic values that including its
ability to reduce inflammation, improve skin tone and clarify skin, improve blood circulation [9, 10]. Therefore, authors
have prepared the various standards oily bar soap and medicinal soap by continuous process using different essential and
fixed oils. The prepared soaps were characterized by Fourier transmission infrared spectroscopy (FTIR) and X-ray
diffraction (XRD) for structural analysis. Further, different test were conducted in comparison with commercial Lifebuoy
(medicinal soap) soap.
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MATERIALS AND METHODS

All the chemicals are used for preparation of soaps are Analytical Research (AR) grade. Sodium hydroxide, Magnesium
chloride, Ferric chloride, Carboxy methyl cellulose (CMC), Ethylene di-amine tetra-acetic acid (EDTA), Ethanol, Zinc
oxide, Sulphuric acid, Phenolphthalein, Saturated sugar solution, montmorillonite clay (MMT clay) and perfume were
procured from Sigma Aldrich, India. The MMT clay was active by sulphate process before using for soap preparation [11].
Coconut oil (parachute double filtered oil was procured from Parachute oil. Pvt. Ltd, India), Neem oil (99.99 %), Olive oil
(99 %), Aloe vera (99.99 %), Black cumin (98 %) and Eucalyptus oil (95 %) were procured from Bioresearch and agro
innovation, India, Sheno (high quality vegetable ghee), Natural massage oil (99.99 %, Bioresearch and agro innovation,
India) with rosemary oil (99.99 %, Bioresearch and agro innovation, India), Skin care with thyme lavender and
frankincense oil (98 % Bioresearch and agro innovation, India), Moringa sesame oil, Argo for arthritis and gout (95 %
pure) from locally available market.

Preparation of standard bar soap

25¢g of high quality vegetable ghee (sheno) was weighed in to 100ml beaker and allowed to melt on hot plate. This was
allowed to cool to room temperature and mixed with 98.8g coconut oil in 1litre beaker with stirring to ensure the complete
blending of the components. The sodium hydroxide solution was prepared by dissolving 12g NaOH pellet in 37 ml distilled
water in 250 ml volumetric flask with continuous shaking to ensure complete dissolution and allowed to cool to room
temperature prior to introduce in to the oil mixture. The mixture in 1000 ml beaker was put on hot plate and mixed with
previously prepared sodium hydroxide solution and then heated at 60 °C for 45 minute with continuous stirring using
mechanical stirrer. Further to the above solution, 0.25g EDTA, 0.625g clay, 0.625g of ZnO and 0.3125g carboxy methyl
cellulose (CMC) were slowly added and allowed for the saponification process. When thick homogenous mixture formed, it
was removed from heater and allowed to cool to room temperature [12]. Later, the prepared soap solution was casted
(molded) in to small polyethylene container and kept in dark place for 3 days to ensure complete saponification and
hardening of soap as shown in figure 1 (a, b). Finally, the harden bar soap was removed from the mold and transferred to
polyethylene bag as shown in figure 2 and cured for 15 days in order to ensure complete consumption of sodium hydroxide
solution by fatty acid [13].

Figure 1 (a) show the soap solution molded (casted) in polyethylene container and (b) shows the soap packed in
polyethylene bag for curing

The same procedures were followed to prepare the different standard samples in various compositions designed using soap
making calculator software (SMC software) as indicated in table 1.

Table 1 the proportion of ingredients used in production of standard bar soap

Soap type Name of ingredients
Composition Vegetable ghee Coconut oil clay CMC EDTA
bar soap In  percentage | 20 79.05 0.5 0.25 0.2
(%)
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Sample 1 In gram (g) 125 43.5 0.3 0.16 0.13
Sample 2 In gram (g) 16.7 65.91 0.42 0.21 0.17
Sample 3 In gram (g) 25 98.8 0.625 0.3125 0.25

Preparation of medicinal soap

The same procedure was followed to prepare medicinal soap. In this case however, 87.5g coconut oil was used to be mixed
with 259 vegetable ghee. The soap was made medicinal by adding different composition of fixed and essential oils
according to the proportion listed in table 2. Essential and fixed oils were added to the soap solution at the point where the
temperature of the mixture was reduced from 60 °C to 35 °C during saponification process because some of the essential
and fixed oils are volatile in nature. A 97% ethanol was used as solvent and perfume was added to enhance the odor of the
soap. Molding and curing process is also similar to that of the standard bar soap.

Table 2: the proportion of ingredients used in production of medicinal soap with cosmetic value

Name of ingredients Medicinal soap

Composition in

Percent (%) Composition in gram (g)

Sample 1 Sample 2 Sample 3

Vegetable ghee 20 125 16.70 25
Coconut oil 70 43.75 58.36 87.5
Neem oil 6 3.75 5.00 7.5
Rosemary oil 1 0.63 0.83 1.25
Eucalyptus oil 0.3 0.20 0.25 0.38
Aloe vera 0.125 0.10 0.12 0.16
Olive oil 0.125 0.10 0.12 0.16
Thyme, lavender & frankincense oil 0.25 0.16 0.21 0.31
Moringa sesame oil 0.25 0.16 0.21 0.31
Argo for arthritis and gout 0.25 0.16 0.21 0.31
Black cumin 0.25 0.16 0.21 0.31
Zinc oxide 0.5 0.3 0.42 0.63
Clay 0.5 0.3 0.42 0.63
EDTA 0.2 0.13 0.17 0.25
CMC 0.25 0.16 0.21 0.31

Characterizations of prepared soap

The characterization of prepared soaps has been carried out to continuous process were analyzed by Rigaku Miniflex X-
Ray Diffractometer (RM-XRD) with Cu Ka as source of radiation at 30 kV and mA is used for montmorillonite (MMT)
clay and ZnO structure in the soap analyzed. The morphology of the pure MMT clay, ZnO and medicinal soap (sample 3)
was investigated using transmission electron microscopy (TEM) (JEOL-2010).

Three separate soap solution were prepared to perform tests on soap in comparison with commercial soaps as follows: (a)
1g of standard bar soap was taken in to 100ml beaker and dissolved with 50ml warm deionized water. This solution was
swirled well to mix it and properly labeled. (b) 1g of commercial soap was dissolved with 50ml deionized water in 100ml
beaker and swirled well until all it completely dissolved. The content of the beaker was labeled and (c) 1g of medicinal
soap solution was mixed with 50ml warm deionized water and swirled and labeled properly [14].

The two commercial soaps were used to compare their properties with the prepared soaps. These are Kris beauty soap and
Lifebuoy medicinal soap. Kris Beauty soap is high quality coconut oil based soap with following ingredients Salicylic acid,
Lactic acid, Tranexamic acid and Kojic acid, Glucono-delta-lactone, Sodium Lactate, Tetrasodium EDTA, Tocophenyl
acetate and Butylated hydroxytoluene. Since Lifebuoy soap has high medicinal value because it has following ingredients
such as Sodium palmate, Sodium palm kernelate, Aqua, NaCl, Tetrasodium EDTA, Tetrasodium etidronate, Limonene and
Linalool. It was used only for antimicrobial effectiveness tests. The following tests were performed to compare prepared
soap properties with commercial soap and detergent.
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pH test

Three separate measuring cylinders were taken and labeled properly.10ml of standard bar soap solution, 10ml of
commercial soap solution and 10ml of deionized water were taken in to 1%. 2" and 3 measuring cylinder respectively. One
by one each solution was stirred with stirring rod and then the stirring road was touched to pH paper and the pH of the
solution was recorded. The pH value of the soap solution was also measured by immersing electrode of pH meter in to the
solution. This solution was saved for the next part [15].

Foam test

The solutions taken in measuring cylinder for pH test was properly supported from top and bottom and shaked continuously
for 20 seconds. Then the amount of suds (foam) each soap solution produces was observed and recorded. This solution was
saved for the oil interaction test.

Oil interaction test

The interaction of soap solution and oil was tested by placing 5ml of oil into each of measuring cylinder containing soap
solution and deionized water in part Il. Then each cylinder was properly supported from the top and bottom and shaked
continuously for 20seconds. The amount of foam formed in each cylinder was measured and compared. Finally the result
was recorded and the solution was discarded in to sink.

Hard water test

As it was done for oil interaction test, three separate measuring cylinders were taken and labeled properly. 5ml of standard
bar soap solution, 5ml of commercial soap solution and 5ml of medicinal solution were taken in the 1%, 2" and 3"
measuring cylinder respectively. 20 drops of 1% MgCI, solution was added to each test tube and each test tube shaked
continuously for 20 seconds. Then the result was compared by observing whether the soap form precipitate with Mg®*and
the amount of suds formed was recorded. The same procedure was repeated with 20 drops of 1% FeClysolution and the
result was then recorded and compared [16].

Basicity test

Soap with free alkali can be very damaging to skin, silk, or wool. Small piece (0.5g) of prepared soap was dissolve in 15
mL of ethanol and then two drops of phenolphthalein indicator was added. The presence of free alkali was noted by
observing whether the soap solution form pink color with indicator [17].

Determination of the number of moles of NaOH reacted with fatty acid by titration

50ml burette was prepared and rinsed twice with 0.2M NaOH solution. Then the rinsed burette was filled with 0.2M NaOH
solution. 2g of prepared soap was accurately weighed in to 250ml Erlenmeyer flask. To this, 50ml of ethanol was added
and heated to boil on hot plate set at medium temperature. By carefully holding the flask with tongs the mixture was
cautiously swirled until the soap dissolves. The hot fatty acid-ethanol solution was then titrated with standard 0.2M NaOH
solution by adding 5 drops of phenolphthalein indicator.

The solution was continuously swirled as the titrant added and the titration was terminated when faint pink color appeared.
The reading of the volume of burette was recorded at the end of titration and the number of moles of NaOH needed to react
with the same number of moles of fatty acid was determined [18].

Antimicrobial effectiveness test

0.072g of Mueller-Hinton Agar (MHA) was weighed in to 250 ml conical flask and dissolved with 72ml distilled water
.This was covered with aluminum foil and sterilized in autoclave for 15minute at 121°C together with wire loop, forceps,
measuring cylinder and three petri-dish. Then 24ml of the sterilized MHA solution was transferred to each of petri-dish and
kept for 5 minute until it become solid. One colon of pure E.Coli culture was taken with sterilized wire loop and inoculated
in to the prepared agar media. Then the colon was dispersed with the sterilized glass spreaders in each petri-dish and each
of petri-dish was pierced by pressing with cork and bore [19].

Three soap samples (Standard bar soap, Medicinal neem soap and Lifebuoy commercial soaps) were taken and soap
solutions were prepared by taking 2.8g of each of soaps. The soap was dissolved in 9 ml of distilled water and each was
stirred until it completely gets dissolved using stirring rod. 0.5 micro liter of each of soap solution was dropped in to the
petri-dish containing E.Coli through the three holes. Finally the inoculum was kept for 24hrs in fume hood and the zone of
inhibition was measured.
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RESULTS AND DISCUSSIONS

X-ray diffraction (XRD) pattern

Figure 2 shows that the X-ray diffraction (XRD) pattern of Lifebuoy soap and medicinal soap (sample 3). It is observed that
the Lifebuoy soap is amorphous in nature and does not contain any particles in it which can be acts as scriber for the body
or with antimicrobial agents of inorganic oxides as shown in figure 2 (a). Figure 2 (b) shows the XRD pattern of medicinal
soap (sample 3) prepared by continuous process. The characteristics peaks observed at 7.6° and 54.6° corresponds to (001)
and (102) for the orthorhombic structure of montmorillonite clay (MMT- clay) and 38.29°, 39.6°, 42.1°, 63.4° and 69.2°
which are corresponds to (100), (002), (101), (110) and (103) planes indicates the hexagonal wurtzite and cubic zinc blend
structure of incorporated ZnO in medicinal soap [20].
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Figure 2: shows the XRD pattern of (a) Lifebuoy soap and (b) medicinal soap prepared in lab (sample 3).

Transmission electron microscopic (TEM)
Figure 3 shows that the Transmission electron microscopic (TEM) images of (a) zinc oxide, (b) MMT clay and (c)

Medicinal soap (sample 3). It is observed that the ZnO is spherical in shape formed very indusial particles having particles
size around ~7 nm which help as vehicle to carry the herbs extract to the bacteria surface to disintegrate its epidermal
surface as shown in figure (a). It is also interesting to note that ZnO itself has good antimicrobial activity as reported in our
earlier work [21]. The MMT clay shows higher particle size of ~22 nm and which are well connected each other due to the
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SO*ions on its surface as shown in figure (b). In figure (c) it is observed that the ZnO surface connected with the MMT
clay may be due to the electrostatics charges and it is important to note that the dense fixed and essential oils are
surrounding to the nanoparticles that could helps in the antimicrobial activity of the medicinal soap.

Soap is sodium salts of fatty acid produced by saponification process. In this project both standard bar soaps and medicinal
soaps were prepared by incorporating different types of essential and fixed oils in various proportions. The prepared soaps
were characterized by comparing its properties with commercial Kris beauty soap and Lifebuoy soap. The major soap
characterization tests include pH, foaming, oil interaction, interaction with hard water, basicity (alkalinity) and
antimicrobial activity tests. The following table 3 summarizes the result obtained from pH tests of the soap solutions [22].

Figure 3: shows the TEM images of (a) ZnO and (b) MMT clay and (c) medicinal soap (sample 3).

pH value

The pH value of the soap show that the prepared soap was relatively basic when compared to the commercial Kris beauty
soap, this is may be due to the excess unreacted NaOH present in the saponificated fatty acid as shown in the table 3. Since
saponification is very slow process, it requires longer time for the fatty acid to completely react with NaOH solution in the

soap mixtures.

Table 3 the pH value of different soap solutions and their interaction with pH papers

Soap types Interaction with red litmus pH value
Sample1 | Sample 2 | Sample3 [ Sample1 | Sample2 | Sample 3
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Prepared lab soap | Blue color Blue color Blue color 10.9 11.3 10.4
solution
Medicinal soap | Blue color Blue color Blue color 10.3 9.9 10.1
solution
Lifebuoy soap | Blue color Blue color Blue color 10.2 10.2 10.2
solution
Kris beauty soap | Blue color Blue color Blue color 10.2 10.2 10.2
solution

Foaming /leathering

The result obtained from foaming, oil and hard water interaction and basicity (alkalinity) test was shown in figure 4. The
foam length of water with prepared standard soap, medicinal soap in comparison with Lifebuoy commercial soap was
measured. It is observed that the foam length of the medicinal is 32.5 ml and the prepared standard bar soap shows
moderate foam length of 31 ml in compare with commercial Lifebuoy soap as shown in figure 6. This is due to the presence
of carboxy methyl cellulose which acts as eye lubricants keep the eye moist, help to protect the eye from injury and
infection, and decrease symptoms of dry eyes such as burning and itching. However, the foam length of the standard bar
soap and medicinal soap shows lower foam length then detergent as normally desired.

35
—m— Sample 1
—a— Sample 2
344 —4A— Sample 3

B . |

Foam lengl

I I 1
Standard soap Medicinal soap Commercial soap

Different soap in 10 ml of water

Figure 4: shows that the foam length of standard bar soap (sample 3), medicinal soap (sample 3) prepared in
laboratory in compare to Kris beauty soap

Interaction with oil

From table 4, it is observed that the soap made from coconut oil has good interaction with oil to form foam (leather)
compared to other commercial kris beauty soaps. It is observed that the foam length of the prepared medicinal soap (sample
3) was 32 ml which is higher than the commercial Kris beauty soap whose foam length is 30 ml after shacking for 20 s. The
highest foam length of the prepared soap is mainly due to the presence of Carboxymethyl cellulose (CMC) which has high
foaming capacity when used in soap solution [23]. When 5ml of oil was added and shaked for 20 seconds, both prepared
and commercial soap solution emulsified the oil as summarized in the table 5. Soap has both non-polar hydrocarbon end
and polar cationic end. As result, soap has ability to emulsify oil and it can also cable to react with polar substances.
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Figure 5: shows that the comparison of volume of NaOH consumed by standard bar soap, medicinal soap (sample 3)
and Kris beauty soap

Table 4: Shows the oil interaction with various prepared soaps and commercial soap

Soap types Interaction with oil
Sample 1 Sample 2 Sample 3

Standard bar soap Emulsified the | Emulsified the | Emulsified the
oil oil oil

Medicinal soap Emulsified the | Emulsified the | Emulsified the
oil oil oil

Lifebuoy soap Emulsified the | Emulsified the | Emulsified the
oil oil oil

Kris beauty soap Emulsified the | Emulsified the | Emulsified the
oil oil oil

Table 5: Show the interaction of hard water with prepared soap and commercial soap

Soap types Interaction with 19%MgCl, Interaction with1% FeCl;
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3
Standard  bar | Very little ppt | Very little ppt | Very little ppt | No ppt | No ppt | No ppt
soap formed formed formed formed formed formed
Medicinal soap | Very little ppt | Very little ppt | Very little ppt | No ppt | No ppt | No ppt
formed formed formed formed formed formed
Lifebuoy soap No ppt | No ppt formed | No ppt formed | No ppt | No ppt | No ppt
formed formed formed formed
Kris beauty | No ppt | No ppt formed | No ppt formed | No ppt | No ppt | No ppt
soap formed formed formed formed
Salt test

Soap has been largely replaced by synthetic detergents, because soap has two serious drawbacks. One is that soap becomes
ineffective in hard water; this is water that contains appreciable amounts of Ca?* and Mg?*salts.
C17H35COO_Na++M2+H C17H35COO_M2+l+2Na+
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Soap Scum
Where, M?* =Ca?*/ Mg**
The other is that, in an acidic solution, soap is converted to free fatty acid and therefore loses its cleansing action.

C17H35COO_Na++ H+HC17H35COOH l+Na+
Soap Fatty acid

The prepared standard soap, medicinal and commercial Kris beauty soap solution formed very little precipitate with
magnesium chloride solution when compared with detergent solution as shown in table 6. This is because EDTA has high
capacity to trap the heavy metal ion from water by forming [EDTA] M?* complex so that soap cannot form precipitate when
used in hard water as indicated in table 5 [24].

Table 6: Show the basicity test of prepared soap and commercial soap

Soap types Basicity (interaction with 3 drops of
phenolphthalein)

Sample 1 Sample 2 Sample 3

Prepared lab | Turned to pink | Turned to pink | Turned to pink

soap color color color

Medicinal soap | Turned to pink | No color | No color change
color change

Lifebuoy soap No color | No color | No color change
change change

Kris beauty | No color | No change No change

soap change

Basicity

Because soaps are salts of strong bases and weak acids, they should be weakly alkaline in aqueous solution as observed
from table 6. However, soap with free alkali can cause damage to skin, silk, or wool. Therefore, a test for basicity of the
soap is quite important. The presence of free alkali in soap solution was determined by using phenolphthalein indicator. If
the soap has free alkali, it forms a pink colored solution with the indicator. The prepared lab soap changed the soap solution
to pink color with two drops of phenolphthalein indicator while no change observed with commercial soap solution. As
indicated in the image phenolphthalein indicator turned prepared soap solutions in to pink colors which indicate that it
contain free alkali as shown in figure 9. This can be corrected by reducing the amount of sodium hydroxide used in
preparation of soap from 6 gm to 4.2 gm as experimentally also proved in medicinal soap.

Bar soaps composed of mixture of sodium salts of fatty acids derived from sheno (vegetable ghee) in which the most
abundant ingredient is sodium stearate and coconate (mixture of sodium salts of fatty acids derived from coconut, in which
the most abundant ingredient is lauric acid). Soap with excess NaOH is more basic and can cause irritation to the skin.
Therefore the number of moles of NaOH needed to react with known mass of fatty acid was determined by titrating the
soap sample solution with 0.2M NaOH solution by using phenolphthalein indicator [25]. The end point of the titration was
detected when the solution turns to pink which persist for 30 seconds. It is found that the fatty acids in fat and oil react with
NaOH in 1:1 ratio to end up with soap having moderate alkalinity. Therefore, 0.0014 moles number of moles of NaOH
should be used to consume 0.0014 mol of fatty acids as shown in the figure 5.

Antimicrobial effectiveness

The effectiveness of prepared soap against E. coli was tested in comparison with commercial Lifebuoy soap. The zone of
inhibition of three soap samples were determined by measuring with scale as indicated in figure 6. It is found that the high
medicinal value of the prepared soap is due to neem oil which play major role in inhibiting the microbial activity [26].
Vitamin E in neem oil acts as a free radical scavenger, by hindering the oxidizing processes in the skin and able to kill the
microbes. As result of this, the prepared medicinal soap is more effective against E. coli when compared to standard and
commercial soaps [27].
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Figure 6: Shows the zone of inhibition of standard bar soap (sample 3), medicinal soap (sample 3) prepared in
laboratory in compare to commercial Lifebuoy soap

CONCLUSION

Soap was prepared using all varieties of oils including that of all the various blends of oils. The soap was tested for various
properties and compared with commercial soap and detergents. The prepared soap characterized by XRD for structural
analysis of scriber and surface morphology was studied by TEM images. It is observed from XRD that the orthorhombic
structure of montmorillonite clay and hexagonal wurtzite with cubic zincblende structure of incorporated ZnO in medicinal
soap. TEM images shows the nanostructured ZnO and MMT clay embedded in the medicinal soap homogeneously and its
size is around ~7 nm of ZnO and around ~22 nm of MMT clay respectively. The standard bar soap made with 1:4 ratio of
coconut oil and vegetable ghee has high foam length. Its foam length reading was 32.5 ml in measuring cylinder which is
higher than that of commercial Kris beauty soap with 30 ml height. All standard bar soap, medicinal and cosmetic soaps
were fully emulsified the oil and had good interaction with salts that can causes hardness in water. Since soap is sodium
salts of fatty acids, it is basic and turns red litmus paper to blue. The pH value of prepared standard bar soap, prepared
medicinal soap and commercial soap were 10.9, 10.4 and 10.2 respectively which satisfies the requirement of most
commercial soaps with pH value ranges from 9 to 11. The prepared medicinal soap was also effective against bacteria such
E. coli. It has highest area of inhibition when compared with commercial and standard bar soaps. Their areas of inhibition
were 23 mm, 23 mm, 20 mm horizontally and 24 mm, 23 mm, 21 mm vertically for medicinal, Lifebuoy soap and standard
bar soap respectively. Therefore, the soap made from coconut oil is hard enough, has high cleaning power and
incorporating different proportion of essential and fixed oil give the soap medicinal value.
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