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ABSTRACT

	Aims: The aim of this study was to produce an antimicrobial soap with ethanolic extract of the stem bark of Calotropis procera and palm kernel oil. And to compare its antimicrobial activities of the soap with the active ingredients from commercially available antiseptic soaps. 
Sample: The stem bark of Calotropis procera was collected from Gombe State University campus, Gombe State of Nigeria. This was taken to Botany Department, Gombe State University for identification. The palm kernel oil was purchased from Gombe Main Market, Gombe State, Nigeria.
Place and Duration of Study: the study took at Department of Chemical Sciences, Faculty of Science, Gombe State University in  June 2024
Methodology: To determine the quality of the palm kernel oil purchased; saponification value and iodine value of the oil was assessed. The cold process of soap production was used in the soap production.  Where palm kernel oil (100 ml) was measured in a beaker and 50ml sodium hydroxide and 25ml sodium carbonate was added to the oil and stirred very well. The plant extract (5 ml) was also added to the mixture and stirred vigorously using a glass rod, and 2.6 g of magnesium sulphate was added in the mixture, 5g of sodium silicate was also added to the mixture and stirred very well. To the mixture, few drops of vanilla essence was added. Physico-chemical parameters of the soap were assessed to determine the quality of prepared formulation against marketed herbal soap.pH, moisture content, total fatty matter, chloride content, foam height, insoluble. This was done to know the quality of the soap produced. To determine the antimicrobial activity of the soap produced, agar well diffusion method was used
Results: The saponification value of the palm kernel oil was found to be 210 mgKOH/g and the iodine value obtained was 63.67 g/100. The soap produced was light brownish in color with a hint of vanilla essence. The pH value was found to be 9, which falls within the stipulated range limit of soap by NAFDAC (9.5-12.0). The foam stability of the soap was found to be 3.5 minutes. The chloride content of the soap produced 0.7 % which is less than that of NAFDAC’s 1%. The total fatty matter of the soap was also done and was found to be 70 %, which is within the stipulated range by NAFDAC (62.0%). The antimicrobial activity of the soap produced were determined against some clinical isolates of pathogenic microorganisms (Staphylococcus aureus, Escherichia coli and Candida albicans) using agar diffusion method. The pattern of inhibition varied with the soap concentration and the organisms tested.
Conclusion: The antimicrobial activities exhibited by the soap in this study could be attributed to the presence of phytochemical constituents in the crude extract, which signify the potential of the soap as a typical therapeutic agent. These findings therefore, confirmed the medicinal use of the soap prepared using palm kernel oil and the extract of the stem bark of Calotropis procera.
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1. INTRODUCTION 
The high demand for soaps, especially antiseptic soaps derived naturally from plants and animals, and the high cost of soaps produced from expensive synthetic raw materials have motivated this research. The aim is to explore the use of extracts from the bark of Calotropis procera, a cheap and readily available plant, particularly in Northern Nigeria, due to its medicinal properties. When incorporated into soap, this plant extract may produce high-quality soap that is gentle on the skin.
Saponification is a chemical process involving the heating of oils (triglycerides) with a base (NaOH or KOH) to produce glycerol and soap, which consists of three salts (Alum, 2024). NaOH yields a harder soap bar, while KOH is commonly used for liquid soaps due to the different crystalline structures formed depending on the base. “Soap is a salt of a fatty acid. A soap molecule consists of a long hydrocarbon chain with a carboxylic acid group at one end, which forms an ionic bond with a metal ion—typically sodium or potassium” (Filopoulou et al., 2021).
“The hydrocarbon (nonpolar) end of the molecule is soluble in nonpolar substances, while the ionic end is water-soluble. This dual nature is responsible for soap’s cleansing ability. For example, when soap is added to water containing oil or other water-insoluble materials, the soap molecules surround the oil droplets. The nonpolar (alkyl) parts dissolve in the oil, while the polar (ionic) ends dissolve in water. As a result, the oil droplets are dispersed throughout the water and held in suspension by the soap molecules” (Bhandekar et al., 2025).
“The selection of an appropriate oil and fat blend for the saponification reaction requires careful study to achieve a product with the desired properties. Soap production begins with fats and oils (sourced from plants or animals), which are reduced to fatty acids and glycerine using high-pressure steam. The fatty acids then react with either sodium or potassium salts (alkalis) to produce soap and water” (Shuaibu et al., 2018).
Since soap is essential in daily life, it is important to focus on the production of soap that offers broad-spectrum antimicrobial properties.
An antimicrobial soap is designed to safely kill germs, cleanse the skin, and treat skin diseases. In formulating such soap, it is necessary to consider the types of organisms the soap should target and the duration of contact needed for effective action.
“There is increasing evidence that medicinal plants can serve as alternative treatments for infectious diseases” (Vigneswaran, 2022). “Several studies have reported the production of soap using plant extracts. For example, the leaf extract of Rhinacanthus nasutus was used to prepare antibacterial soap via methanol maceration. The soap was evaluated using a disc diffusion assay against Bacillus subtilis and Staphylococcus aureus. The results showed that R. nasutus effectively inhibited the growth of these organisms” (Rahaman et al., 2024).
“Similarly, the leaf extract of Eugenia uniflora was used in soap formulation. Its antimicrobial activity was determined using a hole-in-plate agar diffusion assay against Staphylococcus aureus, Bacillus subtilis, and Candida albicans. The results indicated that the soap exhibited satisfactory antimicrobial activity, comparable to commercial antiseptic soaps” (Oyedele et al., 2017).
“A study also reported the use of Terminalia catappa (Ketanpang) leaf extract in antibacterial soap formulation. The soap was evaluated for skin irritation and activity against Staphylococcus aureus, Staphylococcus epidermidis, and Escherichia coli using the disc diffusion method. The results showed that the soap had good antimicrobial activity against these microorganisms” (Dewi & Mardhiyani, 2021).
“Given the growing importance of developing antimicrobial soaps, Calotropis procera, a plant with significant antimicrobial properties, is a promising candidate. Calotropis procera belongs to the Asclepiadaceae family and is considered a medicinal plant” (Kundu, 2021). Its leaves contain secondary metabolites such as phenols, flavonoids, terpenoids, sugars, alkaloids, tannins, cardenolides, glycosides, saponins, and steroids, including bitter compounds like calotropin, calotoxin, calactin, and uscharin. The plant also produces volatile organic compounds.
“All parts of Calotropis procera are used in traditional medicine for treating various ailments such as fever, leprosy, eczema, diarrhea, dysentery, and jaundice. Its latex has medicinal properties, containing biologically active compounds like calotoxin, calotropin, calactin, uscharin, trypsin, voruscharin, uzarigenin, syriogenin, and proceroside. However, the latex is toxic to mammals. It is used in antifungal drugs to treat Tinea capitis in children. The plant’s flowers, which are bitter and rich in flavonoids, have medicinal uses in treating digestive disorders, inflammation, asthma, anorexia, intestinal worms, and tumors. The root bark is a major source of calotropoleanyl ester and proceroleanenol compounds and possesses hepatoprotective properties” (Hina et al., 2024).
Bello et al. (2021) reported that “the hot aqueous extract of the Calotropis procera stem showed antimicrobial activity against Staphylococcus aureus and very good antifungal activity against Candida albicans using both hot and cold aqueous extracts”.
Additionally, “the ethanolic leaf extract of Calotropis procera demonstrated a significant inhibition zone at low concentrations against both gram-positive and gram-negative bacteria” (Uddin et al., 2008). The phytochemicals present in Calotropis procera and palm kernel oil are reported to have bactericidal and fungicidal properties.
The scope of this research is to prepare antimicrobial soap from the extract of the stem bark of Calotropis procera, sourced from the Gombe State University campus in Gombe State, Nigeria.
.
2. material and methods 
2.1 Sampling
The stem bark of Calotropis procera was collected from Gombe State University campus, Gombe State of Nigeria. This was taken to Botany Department, Gombe State University for identification and certification.  
2.1.1 Sample preparation
The bark was powdered using pistil and mortar; to increase the surface area which aid the extraction process. 
The powered stem of Calotropis procera plant (500 g) was macerated in 2000 mL of hydro-alcoholic solution (70 % ethanol and 30 % water) with occasional shaking and allowed for 72 hrs and then filtered, after which the filtrate was concentrated.
2.2 Assessment of the palm kernel oil
To determine the quality of the palm kernel oil purchased; saponification value and iodine value of the oil was assessed. 
2.2.1	Saponification value of kernel oil
“The saponification value is the number of milligram of potassium hydroxide required to neutralize the fatty acids from 1 g of oil sample substance. The oil was saponified by heating with excess alcoholic potassium hydroxide, then the amount of alkaline consumed was back titrated with HCl. On refluxing with the alkali, glyceryl esters were hydrolysed to give glycerol and potassium salts of fatty acids (soap). The saponification value gives an indication of the nature of fatty acids in the oil since the longer the carbon the less acid is liberated per gram of the oil hydrolysed” (Shuaibu et al., 2018).
Palm kernel oil (2 g) was dissolved in 250 ml of 0.5 M alc. KOH solution. The solution was reflux using a condenser on a water bath for 1 hour. The solution was then cooled and titrated against 0.5 M HCl using one drop of phenolphthalein indicator.
The saponification value was then calculated using the formula:
		SV = [(V2-V1) X M X 56.1]/W
SV: Saponification value				V1: Amount of HCl used in cm3 for oil
V2: Amount of HCl used in cm3 for blank		M: Molarity of KOH
W: Weight of oil					56.1 is the molecular weight of KOH
2.2.2	Iodine value of the oil
 “Principle of Iodine value is a quantitative measure of the amount of unsaturation present in fat and can be defined as the number of grams of iodine required to completely saturate 100 g of fat. It is directly proportional to the degree of unsaturation and molecular weight (Uppal et al., 2001). The bromine in Dams iodide reacts with KI to give iodine which subsequently reacts with the double bond of the fat and oil in the dark. The iodide is then titrated with sodium thiosulphate solution” (Shuaibu et al., 2018). 
“The iodine value was measured using 5 mL Dams iodide was added, corked and placed in a dark cupboard for 5 min, 5 Ml 10% potassium iodide was added followed by addition of 20 mL distilled water. This was mixed and titrated with 0.025 M sodium thiosulphate using 1 mL of starch as indicator until the blue colour turns to colourless and the titre value was recorded. This procedure was repeated with exactly 0.2 g of the oil sample, instead of using 5 mL chloroform and titre value recorded” (Shuaibu et al., 2018). 
 Calculation of Iodine value (mg/100g) = (𝐵𝑇 − 𝑆𝑇) 0.003175𝑋40𝑋100 
Where: BT= Blank titre value and ST= Sample titre value 
2.3	Soap production
 The cold process was used during the soap production as described by Akila et al., (2024).  The palm kernel oil (100 ml) was measured in a beaker and 50ml sodium hydroxide and 25ml sodium carbonate was added to the oil and stirred very well. The plant extract (5 ml) was also added to the mixture and stirred vigorously using a glass rod, and 2.6 g of magnesium sulphate was added in the mixture, 5g of sodium silicate was also added to the mixture and stirred very well. To the mixture, few drops of vanilla essence was added. The homogenous semi-solid mixture formed was poured into a mold and allow to solidify at room temperature and physical observation was done for any characteristic changes. The method was repeated with 15 ml and 20 ml of the extract respectively.
2.3.1	Determination of some parameters of the soap
“Physico-chemical parameters were assessed for determining the quality of prepared formulation against marketed herbal soap. pH, moisture content, total fatty matter, chloride content, foam height, insoluble. This was done to know the quality of the soap produced” as done by Gaikwad et al., (2024).
2.3.1.1	pH test
The pH value of the soap produced was analyzed using a pH meter. The produced soap (2g) was dissolved in 50 ml of deionized water and the pH determined using the meter. This was done twice for each soap sample and the average computed. (NAFDAC standard procedure, 2005). 
2.3.1.2	Determination of moisture content
  The sample (10 g) was weighed before and reweighed after open heating for about 30 min. The difference in the weight was the moisture content which was expressed in percentage (NAFDAC standard procedure, 2005).  
[image: ] 
2.3.1.3	Determination of total fatty matter
“The sample (5 g) was weighed into a beaker, 10 mL of distilled water was added and heated to dissolved it, 20 mL of 2M H2SO4 was also added to liberate the fatty matter. This was cooled in a beaker and decanted leaving behind the fatty matter (extract) in the beaker. The extract was washed with distilled water until it was neutral to litmus paper. Extract obtained was then dissolved in 70 mL hot neutral alcohol and titrated with 1M NaOH using phenolphthaline as indicator” (NAFDAC standard procedure, 2005). 
[image: ]
Where: F is the factor of the oil blended, M is the morality of the base used (titre value) and W is the weight of the sample 
2.3.1.4	Determination of free acid content
  This was calculated using a method described by Ufuoma and Adeyemi, (2020). The oil, (1 g) was weighed into a conical flask and 20 ml of methanol was added. Two drops of phenolphthalein indicator were added. The sample mixture was placed in a water bath for 7 minutes and then titrated against 0.1 M KOH. The pink colour was observed. The acid value was determined using:
	[image: ] 
Where: AV= Acid value; M= Molarity of potassium hydroxide 
 2.3.1.5 Determination of chloride content
 “The sample (5 g) was dissolved completely in distilled water; 10 mL of 20% calcium nitrate solution was added for complete precipitation. The mixture was quantitative transferred to 250 mL volumetric flasks and made to mark with distilled water. It was then filtered and 10 mL of 20% potassium chromate solution was added to 100 mL of the filtrate and titrated with 0.1 M silver nitrate solution to greenish yellow colour” (Standard Operation Procedure, NAFDAC, 2005). A blank determination was carried out. 
 Chloride content:  (𝑉𝑅−𝑉𝐵)0.08865/ 𝑊
 Where: VR=volume of real, VB=volume of blank and W=weight of sample 
2.3.1.5 Foam height  
“The sample (2 g) was dissolved in 1 L volumetric flask then made up to mark with tap water; 50 mL of the solution was introduced into a measuring cylinder such that it followed the walls of the column to avoid foaming. The solution (200 mL) was taken into a conical flask then poured into a separatory funnel, which was already clamped with the outlet closed. The measuring cylinder was then kept directly beneath the funnel while the level (height) of the foam generated was read from the cylinder immediately funnel was opened” (NAFDAC standard procedure, 2005).
2.4 Antimicrobial Activities of the Soap
[bookmark: _Toc134448147]The determination of inhibitory activity of the soaps using agar well diffusion method as described by Abhay et al., 2024 was used.
Freshly prepared Muller-Hinton agar (20ml) was poured into sterile Petri-dishes and the agar was allowed to solidify (gel). The bacterial strains and fungus were swabbed on the Nutrient agar plates. Four wells each of diameter 6 mm were made into each agar plate using a cork borer and the plates were labeled. Unto each plate, 0.2ml of appropriate soap dilution was placed in appropriate wells, that is, 400, 200, 100 and 50 mg/ml, respectively. The plates were left for about 1hr for the soap to diffuse into the agar and then were incubated at 37oC for 24hrs for the bacteria and 25oC for 48hrs for the fungi. After incubation, the plates were observed for evidence of inhibition, which will appear as a clear zone completely devoid of growth around the well (zone of inhibition). The diameters of the wells were measured using a calibrated ruler in millimeters. The experiment will be performed in duplicates and the mean of the zone of inhibition computed.
3. results and discussion

3.1 Saponification and iodine value of palm kennel oil
The saponification value of palm kernel oil (210 mgKOH/g) which was bit higher than (206) reported by Okpe (2022). The iodine value obtained (63.67 g/100) was in the same range with (64 mg/100g), the findings of Shuaib et al 2018.
3.2	The characteristics of the Soap formed
The soap produced was light brownish in color with a hint of vanilla essence.
Table 1: Chemical properties of the soap produced
	PARAMETER
	VALUE

	pH
	9	

	Moisture
	14 %

	Total fatty matter
	70 %

	Chloride content
	0.7 %

	Foam height 
	1.2 cm

	Foam stability
	3.5 mins 



	The pH of the soaps as shown in table 4.1 is 10, and this falls within the stipulated range limit of soap by NAFDAC (9.5-12.0). Tetmosol and dermocare sold in the market have pH of 10.9 and 10.5 respectively, which also falls within the pH limit by NAFDAC.
	The moisture content of the soap is 14 % which is within the maximum limit required by NAFDAC (i.e. 31% max) compared to those of tetmosol and dermocare with values of 13.4 % and 12.5 % respectively. Higher moisture content above 31 % will result in degradation of the soaps.
The chloride content of the soap produced is 0.7 % and is less than that of NAFDAC which is 1 %.
The form height obtained was less than that obtained by Atiku et al. (2014) produced a white soap using locally available alkaline extract from millet stalk. 
	This finding agrees with the findings of Ogunnowo et al. (2010) who investigated the chemical properties of medicated soap fortified with Ocimum gratissimum extract and Shuaibu 2018 who produce medicated soup with the extract of Vitex doniana stem bark.
The total fatty matter of the soap is 70. Which is within the stipulated range by NAFDAC (62.0 %). The result obtained for tetmosol and dermocare sold in the market are also within the range required by NAFDAC, which are 41.4 % and 40.7 % respectively. 
Table 2: Sensitivity test of the soap produced
	Concentration  (ml)
	Escherichia coli
(mm)
	Staphylococcus aureus
(mm)
	Candida albicans (mm (mm)

	5
	28
	30
	28

	10
	29
	31
	30

	15
	35
	38
	35


“The sensitiveness of the soap on a number of micro-organisms was studied and recorded in Table 2. Among the microorganisms, the soap was only sensitive to Staphylococcus aureus. This study agrees with that performed by some researchers” (Wijetunge and Perera (2016) on the microbial action of soap produced from pomegranate (Punica granatum) extract. In the analysis, the soap was found to be sensitive to Staphylococcus aureus and some other micro-orgamisms. The study therefore reveals that the soap may be used for skin rash treatment.   
The antimicrobial action of the soap was expected because Bello et al., 2021 and Yesmin et al., 2008 reported “the antimicrobial activity of both the stem and the leaves of Calotropis procera. The study therefore reveals that the soap may be used for skin infections treatment”.   
[bookmark: _GoBack]Aderunde et al., 2014 reported “the wound healing effect of the latex of the plant which may contribute to the skin care properties of the soap produced”.
4. Conclusion

The antimicrobial soap was prepared using palm kernel oil and the extract of the stem bark of Calotropis procera. The soap was tested for various properties and compared with standard soaps. All necessary properties like lathering power, cleansing power, pH, hardness, total fatty matter, and moisture yield were all studied to determine the quality of soap. The soap was also found to be effective in exhibiting antifungal effect on test of microorganisms. The result suggest that the soap produced from this medicinal plant can be used in the treatment of fungal and bacterial infection.
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