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Parthenium (Parthenium hysterophorus) weed is a noxious plant which inhabits many parts of the world. It is responsible for rapid environmental pollution causing a reduction in crop productivity by infesting farm lands and grazing lands. It also causes severe human and animal health problems. The aim of this study was assessing the potential of parthenium weed ash as a substitute for commercial alkali for the preparation of soap. Alkali solution was prepared from partheniun weed ash. Tests on its alkalinity properties revealed that the lye can be used for soap making. Similarly, the tests on physicochemical properties of the collected used cooking oil samples were found to be 141.0 ± 0.4–153.8 ± 0.33 mg KOH/g, 11.28 ± 0.5–14.1 ± 0.5 mg KOH/g, and 0.16 ± 0.2–0.19 ± 0.25 milieq/g for saponification value, acid value, and peroxide value, respectively. The data indicated that both the prepared lye solution and the collected used cooking oils would be suitable for soap preparation. Moreover, analyses of the moisture content, total alkali content, total fatty matter, the pH value, and chloride content of the prepared soap materials were found to be in the ranges of 10.5 ± 0.01–13 ± 0.01, 0.39 ± 0.01–1.63 ± 0.05%, 64.5 ± 0.16–76.4 ± 0.15%, 10.5 ± 0.03–10.63 ± 0.04, and 0.39 ± 0.2–0.45 ± 0.39%, respectively. The finding of the present study, is that it is possible to conclude that the Parthenium weed ash (or lye solution from this ash) and leftovers of used cooking oils can be used as cost-effective substitutes for commercial alkali solution and palm oil, respectively, for laundry soap preparation of acceptable grades. The finding also suggests that preparation of lye solution from parthenium weed ash can be used as an option for controlling the pollution of this invasive weed.
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INTRODUCTION

Parthenium weed (Parthenium hysterophorus) is a noxious and invasive weed that is widely distributed in many parts of the world (Figure 1). It was native to North and South America and the West Indies but currently it aggressively has colonized many countries in the world (Fessehaie et al., 2005; Manpreet et al., 2014). It is known to be one of the worst weeds that can cause serious environmental pollution. The weed causes major negative impact on pasture and crops. The weed is also known to be responsible for severe human and animal health problems such as dermatitis, asthma, and bronchitis (Parsons and Cuthbertson, 1992; Lakshmi and Srinivas, 2007; Khan et al., 2012; Sushilkumar, 2012; Siddiqui et al., 2016). It is not palatable to livestock due to its irritating odor, taste, and presence of trichome hairs. If eaten by cattle, it will also cause clinical signs such as those of salivation, anorexia, pruritus, alopecia, and dermatitis. Gastrointestinal irritation may result in diarrhea, depigmentation of skin and also results in milk yield reduction if hungry cows eat it (Parsons and Cuthbertson, 1992; Fessehaie et al., 2005; Khan et al., 2012; Manpreet et al., 2014).


[image: Figure 1]
FIGURE 1. The Parthenium weed (Photo taken from Uffa Kebele, Kaffa zone, by Tesfaye G., May 2018GC.).


Parthenium weed inhibits the growth of other plants including crops as it exerts an allelopathic effect. This could be attributed to the presence of chemicals such as parthenin (1), hymenin (2), and ambrosin (3) (Figure 2) (Tefera, 2002; Devi et al., 2014). There are also reports from Ethiopia that revealed the threat of the weed in the reduction of the productivity of crops in different parts of the country (Mohammed, 2010; Taye et al., 2010; Gadisa et al., 2019).


[image: Figure 2]
FIGURE 2. The chemical structures of Parthenin (1), Hymenin (2), and Ambrosin (3).


Literature reports revealed different control methods to curb the invasion of parthenium in a human environment. The most common ones are (i) Physical control method: it involves the manual uprooting of parthenium before flowering and seed setting. This method is not effective if uprooting the weed after seed setting as it will increase the area of infestation, and it is also a time consuming and unpleasant option due to health-related problems to people that participate in weeding (Parsons and Cuthbertson, 1992; Lakshmi and Srinivas, 2007; Khan et al., 2012; Sushilkumar, 2012; Siddiqui et al., 2016); (ii) Chemical control method:- this is an effective method to control parthenium in the areas where its natural enemies are absent (Mishra and Bhan, 1994; Javaid, 2007; Gaikwad et al., 2008). Some of the limitations associated with the method are (a) it is effective only at the rosette stage of the weed (Khan et al., 2012), (b) toxicities of the chemicals to other useful plant species, and (c) resistance development against many of herbicides (Ware, 1986; Njoroge, 1991; Singh et al., 2004; Vila-Aiub et al., 2008; Javaid and Adrees, 2009); (iii) Biological control method: it is an environmentally sound and effective means of reducing the weed through the use of natural enemies such as microbial pathogens, insects, and botanicals (Watson and Wymore, 1990; Ray and Gour, 2012). Though this method has gained the highest acceptance (as compared to the rest two methods) in its safety and environmentally friendliness (Aneja, 2009), it is a very slow operation and currently used only in non-cropped areas. The limitations of the aforementioned methods suggest the need of a new and novel approach to prevent rapid infestation of the parthenium weed.

Plant materials such as cassava peels, palm bunch, wood, cocoa pad, banana leaves, maize, sugar beet wastes, and many others give ashes that can be used for the preparation of lye (alkaline) solution for soap making. Most of the plant materials are readily and locally available. Moreover, preparation of lye solution from these materials and then soap making by treating them with animal fats/oils does not need expertise. So, farmers or anyone can prepare lye solution from their ashes and can prepare good grade soap with low cost as compared to those methods that involve expensive commercial inputs (e.g., NaOH or KOH) (Ambe, 2001). Onyegbado and Offor (2002) reported the preparation of solid odorless soap using alkali solution obtained from plantain peel ash. In another report, it has been mentioned that ashes from Mangrove products (e.g., leaves) were used to prepare alkali solution that resulted in good quality solid/hard soap (Lacerdo, 2004). Production of black soap has also been reported from palm bunch ashes (Mistral et al., 1993). Similar reports also showed that ashes from palm trees contain fundamental chemical components (e.g., sodium hydroxide and potash) needed for the production of soap (Godin and Spensley, 1971; Ashtor and Cevidails, 1983; Tite et al., 2006; Atiku et al., 2014; Undeiandeye et al., 2015).

Used cooking oils are other types of pollutants that cause environmental pollution. These are usually disposed to the environment as wastes after their repeated use for cooking or frying. When disposed to the environment, they cause of many environmental problems. These include the blockade of sanitary sewer systems in cities, and their degradation in pipes may also cause corrosion of metals and concrete elements. They also contaminate water and land resourses (Arju et al., 2008). Literature reports also revealed several human health-related problems of used cooking oils (Arju et al., 2008). Current trends show that with the increasing numbers of fast-food processing industries, hotels, and restaurants, it is expected that considerable amounts of used cooking oil wastes are to be discarded into human environment, and cause pollution. Therefore, proper collection and reusing them for other purposes such as biofuel (Khalisanni et al., 2008; Nor et al., 2013; Panadare and Rathod, 2015) and soap preparation (Kazuo and Kasukabe, 1989; Malaysia Batu Caves, 2015) are strongly recommended. There are reports that revealed the use of used cooking oil as raw materials for making good quality soap (Mistral et al., 1993; Legesse, 2020). However, there are no reports on the preparation of soap from lye solution obtained from ash of parthenium weed and used cooking oil. The aim of this study was to use the prepared lye solution and used cooking oil for soap making. This attempt or the findings of the study would serve as a means to minimize environmental pollutions caused both by parthenium weed and used cooking oil (wastes). Moreover, the benefit of making soap with low cost and with no need of expertise is also another motive that initiated this study.



MATERIALS AND METHODS


Chemicals and Reagents

Different chemicals and reagents were used in the study. These include alcoholic potassium hydroxide, sodium carbonate, 36% hydrochloric acid, phenolphthalein, methyl orange, ethanol, potassium hydroxide solution, Iodine solution, glacial acetic acid, potassium iodide, 98% sulfuric acid, diethyl ether, sodium thiosulfate, calcium nitrite, chloroform, potassium dichromate, silver nitride, EDTA, and sodium chloride.



Plant Material Collections and Preparation

Parthenium weed was collected from Uffa Kebele, Gimbo Woreda, Kaffa Zone of South western Ethiopia in May 2018. The weed (leaves and stem) was dried for few days by direct sunlight. The dried weed was burned in an open air-rich locally constructed stove. The unburned black components (charcoal) were separated from the fine white ash using flour sifter. The ash was allowed to cool and then packed in polyethylene bags (Figure 3) until used for the preparation of lye as per the procedures reported in literature (Mak-Mensah and Firempong, 2011).


[image: Figure 3]
FIGURE 3. The ash prepared from Parthenium weed (By Tesfaye G, May 2018).




Preparation of Lye Solution

The lye solution was prepared by employing procedures reported in literature (Mak-Mensah and Firempong, 2011). It involved the mixing of 100 ml of distilled water and 5 g of ash in a 500 ml beaker. The mixture was boiled after mixing its contents properly with gentle stirring. The boiled solution was allowed to cool to room temperature followed by filtration using filter paper. The alkalinity of the filtrate (solution) was tested using indicators (methyl orange, phenolphthalein, and litmus paper) and pH meter. The concentration of the prepared lye was tested physically using a fresh whole egg. The floating of the egg was taken as an indicator for formation of lye that is strong enough to be used for soap preparation (Legesse et al., 2020).



Pre-treatment of Used Cooking Oil Samples

Used cooking oil samples were collected from hotels and street food venders found in Uffa kebele, Kaffa zone (Figure 4). The collected used cooking oil samples were pre-treated in order to remove solids, inorganic materials, and other contaminants. It was carried out first by heating the oils at 60°C. Then the hot oil samples were allowed to cool to room temperature followed by filtrations in order to get oil materials suitable for soap preparation (Legesse, 2020).


[image: Figure 4]
FIGURE 4. The used cooking oil samples collected from hotels (A) and street food vender (B).




Analyses of Properties of Used Cooking Oil Samples

The properties of the pre-treated oil samples were tested by employing standard procedures reported in literature (Ibrahim and Yusuf, 2015) in order to assess their suitability for soap preparation. These include saponification value, acid value, and peroxide value (sections Saponification Value, Acid value, and Peroxide value). All the tests were carried out in triplicates.


Saponification Value

Two grams of oil sample was poured into 200 ml conical flask, and then 25 ml of 0.5 M of ethanoic potassium hydroxide solution was added in the flask. The mixture was heated on a water bath for 1 h with frequent shaking. The solution was allowed to cool to room temperature. The cold solution was titrated with warm 0.5 M hydrochloric acid. One % phenolphthalein was used as an indicator. The saponification values of the oil samples were determined according to the following relation (Ibrahim and Yusuf, 2015).

[image: image]

where,

A = 0.5 M of HCl used blank titration.

B = 0.5 M of HCl used sample titration.

Q = weight in grams of the oil sample.

28.05 = conversion factor.



Acid Value

Two point five grams of oil sample and 50 ml of freshly neutralized hot ethyl alcohol were mixed in a 250 ml conical flask. 1 ml of phenolphthalein indicator solution was added to the above mixture, and then the mixture was boiled for 5 min. The hot solution was titrated against 0.5 N standardized alkali solution shaken vigorously during the titration. The acid values of the oil samples were determined using the formula given below (Ibrahim and Yusuf, 2015).

[image: image]

where,

V = volume in ml of standard potassium hydroxide or sodium hydroxide solution.

N = Normality of the KOH or NaOH solution.

W = Weight grams of the oil sample.

56.1 = conversion factor.



Peroxide Value

Two grams of the oil sample was added into a 250 ml flask that initially contained 1 g of powdered potassium iodide (KI) and a solvent mixture (2:1 of glacial acetic and chloroform by volume). The solution was heated using a water bath for a few minutes for complete dissolution the solid components of the mixture. Twenty ml of 50% potassium iodide solution was introduced, and the mixture was titrated with 0.1 M Na2S2O3 solution. Starch solution was used as an indicator. The blank experiment was also carried out using a similar procedure to the one mentioned above. The peroxide values of the oil samples were determined using the formula given below (Ibrahim and Yusuf, 2015).

[image: image]

where, R and B stand for oil and blank samples in term of titrated values, respectively.




Preparation of Soap

Ten grams of oil sample was heated in a beaker at a temperature of 60°C. A 30 ml of ethanol and 60 ml of prepared alkali solution were added to the beaker containing the oil sample. The mixture was heated with continuous stirring using a wooden stirrer for 50 min or until the process of saponification was completed (Mak-Mensah and Firempong, 2011). The soap solution was poured into a beaker containing 50 ml saturated sodium chloride solution and stirred with a glass rod. Finally, the mixture was cooled and filtered with filter paper. The soap product was rinsed and was transferred to an aluminum-made dish for molding.


Physicochemical Properties Prepared Soap Materials

Some of the physicochemical properties of the prepared soap materials were determined using standard procedures reported in literature (Ambe, 2001). All the tests were carried out in triplicates. Similar tests were carried out for three commercial soap samples (Top, B-29, and peacock) purchased from a local market.


Moisture Content

Five grams of soap sample was dissolved in water. The solution was dried at 110°C in an oven. The dried material (residue) was weighed to determine its mass. The moisture content (MC) of the soap samples was determined using the following formula reported in literature (Ambe, 2001).

[image: image]

Where Wi = initial weight of the sample; Wf = weight after drying the sample.



Total Alkali Content

One hundred milliliter neutralized ethanol was added to a beaker containing 10 g of soap sample. Then, 5 ml of 1 N H2SO4 solution was added to the mixture, and it was heated until the soap sample was dissolved completely. The content of the flask was allowed to cool gradually to room temperature. The remaining sulfuric acid (excess sulfuric acid) was estimated by back titrating the test mixture with standard 1 N NaOH and also using phenolphthalein as an indicator. The total alkali calculated using the following formula (Ambe, 2001).

[image: image]

Where, VA = volume of acid; VB = volume of base, and W = weight of soap.



Total Fatty Matter

Five grams of soap sample was dissolved in 50 ml of distilled water. The volume of the solution was adjusted to 10 ml. The solution was made acidic by adding 10 ml of 0.1 M sulphuric acid. The solution was then subjected to extraction with 50 ml diethyl ether and subsequently with three 25 ml portions of diethyl ether. The combined ether extracts were filtered into a 250 ml flask. The solvent (ether) was vaporized to determine the total fatty matter. The amount of the fatty matter was calculated by subtracting the weight of the ether extract from the initial weight of the soap sample (Ambe, 2001).



pH Value

Ten grams of soap sample was dissolved in distilled water. The solution was made by adding excess water up to 100 ml in order to prepare 10% soap solution. The pH of the solution was measured using a meter that was calibrated using a buffer solution of pH 7 and 10. Then 2 g of the prepared soap sample was dissolved in 10 ml of distilled water. The pH of the solution was determined with the same pH meter used above (Ambe, 2001).



Chloride Content

Ten grams of soap sample was dissolved in 100 ml distilled water. The mixture was heated till the soap sample dissolved completely. The resulting solution was transferred into a 250 ml volumetric flask, and 20 ml of 15% Ca(NO3)2 solution was added to it. More distilled water was added to raise volume of the solution up to the 250 ml mark. The solution was filtered, and 100 ml of it was taken in a separate flask. Methyl red was added to this 100 ml of filtrated solution. The solution was then titrated against 10N H2SO4 until a pink color was obtained. The resulting solution was again titrated by 0.1N AgNO3 using K2CrO7 as an indicator until a brick red color was obtained. The % chloride was determined using the following formula reported in literature (Ambe, 2001).

[image: image]

where, W = weight of sample.



Lather Stability Test

Two grams of powder of the prepared soap sample was dissolved in 800 ml of distilled water to form uniform soap solution. Five hundred milliliters of the solution was poured into a conical flask and stirred vigorously for 2 min. Then it was allowed to settle until lather formation of the solution. Later, the solution lather was measured and recorded (Ambe, 2001).



Cleaning Ability Test

To determine cleaning ability (property) of the prepared soap material, pieces of cotton clothes that were stained with chicken sauce (“doro wot”) were used. The stained cotton cloth pieces were immersed into a test tube containing soap solution (that was prepared by dissolving 2 g of soap sample in distilled water). Then the test tube was shaken vigorously for 1 min. Finally, the cotton clothes were removed and rinsed with distilled water to test the cleaning ability of the prepared soap materials (Ambe, 2001).






RESULTS AND DISCUSSION


Alkali (Lye) Solution Preparation

Plant ashes are used as sources of alkali (or lye) solutions that mainly consist of potassium hydroxide (KOH) or sodium hydroxide (NaOH) and can be used for soap making (Lacerdo, 2004; Mak-Mensah and Firempong, 2011). In this study, alkali solution was obtained from parthenium weed ash. It was prepared by boiling the ash in distilled water and subsequently filtered and then concentrating the filtrate by evaporation (Figure 5A). Alkalinity of the solution was tested using indicators such as methyl orange which changed to yellow color, phenolphthalein which changed to pink, and red litmus paper turned to blue. Three color changes indicated that the prepared lye solution is alkali in its nature. Its alkalinity was also determined using a pH meter. This test also confirmed the prepared solution to be basic as confirmed with its observed pH value (i.e., 11.9). In areas where indicators and pH meters are not available, physical tests can be used to test alkalinity of lye solutions before using them for soap making. This method involves the insertion of a fresh egg into the prepared lye solution (Figure 5A). In such a test, the egg was noticed to sink to the bottom (Figure 5B) whereas in the concentrated lye solution the egg was found to float (Figure 5C). Consistent with literature report (Legesse et al., 2020), the floating of the egg (Figure 5C) on the lye solution indicted that the prepared lye solution was concentrated and strong enough to be used for soap preparation.


[image: Figure 5]
FIGURE 5. The prepared lye solution (A), less concentrated lye (B), and concentrated lye solution (C).




Analyses of Properties of the Collected Oil Samples

The physicochemical analyses of the oil samples were carried out following methods reported in literature in order to test their quality or suitability for soap making (Ibrahim and Yusuf, 2015; Legesse, 2020). The properties considered were saponification values, acid values, and peroxide values (sections Saponification Value, Acid Value, and Peroxide Value).


Saponification Value

The saponification value is a property that is expressed as the number of mg of potassium hydroxide required to saponify 1 g of oil. The oil sample is saponified by refluxing it with excess of alcoholic potassium hydroxide solution. The alkali solution required for saponification is determined by titration of the excess potassium hydroxide with standard hydrochloric acid [41]. The value gives information about the character of the fatty acid of the fat/oil. The lower the saponification value, the larger the molecular weight of fatty acid in the glycerides. The saponification value of the oil samples followed procedures reported in literature. The observed data showed that the saponification values to be 153.8 ± 0.33 mg KOH/g and 141±0.4 mg KOH/g of oil samples obtained from hotel and street food vendors, respectively (Table 1). These data are comparable to the data reported for oil obtained from sweet orange seed (106.30 mg KOH/g) but slightly lower than the reported saponification values of palm oil (199.1 mg KOH/g) and coconut oil (257.0 mg KOH/g) (Ibrahim and Yusuf, 2015). The finding of the present study indicated that the collected oil samples could be used as suitable inputs for soap making.


Table 1. Physicochemical properties (saponification values, acid values and peroxide values) of oil samples.

[image: Table 1]



Acid Value

An acid value refers the number of milligrams of potassium hydroxide required to neutralize free fatty acid present in 1 gram of fat or oil (Debesh, 2013). It is a relative measurement of rancidity or free fatty acid formation during decomposition of oil glycerides. This value can be determined directly by titration oil in an alcoholic medium against standard sodium hydroxide solution. There are literature reports (Debesh, 2013; Ibrahim and Yusuf, 2015) that reveal that the lower the acid value of oil, the fewer fatty acid it contains. This makes it less susceptible to rancidity. In the present study, the acid values of the oil samples were found to be 11.28 ± 0.5 mg KOH/g and 14.1 ± 0.5 mg KOH/g for oil samples obtained from hotel and street food venders, respectively (Table 1). The finding also showed that the observed data are lower than the standard values (15 mg KOH/g) reported literature (Debesh, 2013; Ibrahim and Yusuf, 2015). Moreover, the data are also lower than that of olive oil (17.5 mg KOH/g) (Ibrahim and Yusuf, 2015). The finding also suggested that the collected used cooking oil samples used in the study are suitable for soap production.



Peroxide Value

The peroxide value refers to the amount of peroxide oxygen per kilograms of fats or oil. It is commonly expressed in unit of milli equivalent. This value can be determined by measuring the amount of iodine which is formed by the reaction of peroxide (formed in fat or oil) with iodide ion (Ibrahim and Yusuf, 2015). The peroxide values of the used cooking oil samples used in the present study were found to be 0.16 ± 0.2 millieq/kg and 0.19 ± 0.25 millieq/kg for the used cooking oil samples obtained from hotels and street food vendors, respectively (Table 1). Literature reports showed that peroxide values of fresh oils are usually <10 milliequivalent/kg. Moreover, a lower peroxide value indicates that a given oil sample is stable whereas a higher peroxide value is associated with a high rancidity rate (Ibrahim and Yusuf, 2015). The data observed in this study are lower than for pawpaw (3.12 meq/kg) and sweet orange seed oil (2.21 meq/Kg) as reported in literature (Ibrahim and Yusuf, 2015). This is an indication that the used cooking oil samples used in the study are suitable to be used for soap making.



Preparation of Soap

Laundry soap is prepared by treating vegetable oil/animal fats with strongly alkaline solution. In such a process of saponification (Figure 6), the fats/oils are first hydrolyzed to free fatty acid which then can be combined with alkali solution to form soap (Ambe, 2001; Dennis, 2011; Mak-Mensah and Firempong, 2011; Beetseh and Anzo, 2013). Palm oil has been widely used in the manufacture of soap due to the absence of highly unsaturated fatty acids in the oil (Ainie et al., 1996). In the present study, laundry soap was prepared using used cooking oils samples collected from hotels and also lye solution prepared from weed ash of parthenium. Five different types of laundry soap materials were prepared from the collected used cooking oil samples obtained from hotels (A), street food venders (B), blend of oils collected from hotel and street food venders (C), Blend of oils (with additive or in the presence of additive) (D), and a soap with colorant (E) (Figures 7A–E).


[image: Figure 6]
FIGURE 6. The general scheme of preparation of soap.



[image: Figure 7]
FIGURE 7. The laundry soaps from oil samples obtained from hotel (A), street food vendors (B), blend of hotel and a street food vendors (C), blend of hotel and a street food vendors with additive (D), and blend of hotel and a street food vendors (with colorant) (E).





Physicochemical Properties of Prepared Soap

Though soaps can be prepared through a simple process known as saponification, the prepared soap products cannot be used directly for human use for safety reasons. Any soap product is expected to fulfill some minimum requirements set by national and international bodies. In line with this fact, the following properties of the prepared soap materials were tested using standard procedures reported in the literature (Ambe, 2001). The tests were done in triplicates. Similar tests were also carried out for three commercial soap samples (Top, B-29, and Peacock) purchased from a local market, Hawassa city.


Moisture Content

Moisture content (MC) is a parameter that is used in assessing the shelf-life of a soap product (Onyango et al., 2014). The MC value was determined by drying soap samples in an oven to 110 ± 3°C. The MC values were found to be 13 ± 0.01%, 14.5 ± 0.01%, 12.5 ± 0.01%, and 10.5 ± 0.02% for soap materials prepared from used cooking oils obtained from hotel, street food vendors, a blend of both, and blend of the two oils (in the presence of additive), respectively (Table 2). The observed data indicated that the MC values of the prepared soap materials were comparable to that of the commercial soap samples used in the study. The soaps were Top, B-29, and Top with MC values of 9.5 ± 0.06%, 14 ± 0.01% and 13 ± 0.01, respectively (Table 2). Moreover, the data were comparable with literature-reported standard values (10.5–12.5%) (EAS, 2014).


Table 2. The moisture content value of the prepared soap materials and commercial soap samples.
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Total Alkali Content

The total free alkali measures the percentage of either sodium hydroxide (for sodium soap) or potassium hydroxide (for potassium soap) (Ambe, 2001; Onyango et al., 2014). The total alkali contents of the soap materials prepared in the present study were found to be 1.4 ± 0.1%, 0.93 ± 0.05%, 1.43 ± 0.05%, and 1.63 ± 0.05% for soap prepared from oil samples obtained from hotel, street food vendors, blend of the two, and also blend of the two (with additive), respectively (Table 3). The observed data were also found to be comparable with data reported for commercial soaps namely Top (2.1 ± 0.1%), B-29 (1.76 ± 0.18%), and Peacock (1.3 ± 0.01%) (Table 3). Moreover, the observed data were less than the standard values reported by East African standard (EAS, 2014) (<5%) and International standard Organization (ISO) specification (<2%) (ISO 685, 2013; EAS, 2014). According EAS, good quality soap must have less than 5% alkali content (EAS, 2014) whereas according to ISO specification, soap should have alkali content below 2% (ISO 685, 2013). The finding of the present study suggests that the laundry soaps prepared by treating used cooking oil samples and lye solution prepared from parthenium weed ash could give good quality soap that can be prepared in large scale, but with low cost, for human use.


Table 3. The values of total alkali contents of the prepared and commercial soap materials.
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Total Fatty Matter

Total fatty matter (TFM) measured as total amount of fatty matter, is mostly fatty acid that can be separated from a sample after splitting with mineral acid. It is usually associated with hardness and lower quality of soaps. The higher TFM ensures that soaps are the least harmful to skin and do not cause dryness. The fatty matter most commonly present in soap are oleic, steric, and palmitic (Tetteh et al., 2020). The TMF values of the prepared soap materials in this study were 75.6 ± 0.1%, 64.4 ± 0.6%, 70 ± 0.16%, and 76.4 ± 0.15% for soaps prepared from oil materials obtained from hotel, street food vendors, oil blends, and oil blends (with additive), respectively (Table 4). Similar analyses revealed that the TFM values of commercial soaps were 77.3 ± 0.14%, 76.8 ± 0.15% and 73.4 ± 0.23% for Top, B-29, and Peacock, respectively (Table 4). The findings of the present study indicated that the TFM values of the prepared soap materials were higher than the minimum requirement reported in the literature (i.e., 50%) suggesting that they have acceptable quality (Lumley and Colwell, 1991). Reports also revealed the TFM values of laundry soaps to be in the range of 34-75% (Ambe, 2001). It has also been reported that the TFM value of soaps being <50% is usually associated with hardness and lower quality (Viorica et al., 2011). Some countries consider a soap product with a minimum TFM value of 75% as grade-1 and a minimum value of 65% as grade-2 (Viorica et al., 2011).


Table 4. The total fatty matter values of the prepared and commercial soap samples.
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The pH Value

Basicity measurement (in terms of pH) is very important to determine the suitability of a soap product for human use. The pH values of the prepared soap materials were comparable to each other and to that of the three commercial soaps used in the study (Table 5). Moreover, the values were found to be in the recommended pH range (9–11) of common laundry soaps (Hui, 1996; Umor, 2002). These data can also indicate that the prepared soap materials have acceptable or permissible alkalinity to be used for common laundry purposes.


Table 5. The pH values of prepared and commercial soap materials.

[image: Table 5]



Chloride Content

Percentage of chloride in a soap product is a very important parameter (IUPAC International Union Pure Applied Chem., 1982). This is because excess chloride causes soap to crack. One factor that causes high chloride content in soaps could be use of chlorinated water to dissolve NaOH pellets for soap preparation (Taiwo et al., 2008)]. The observed data revealed that the percent of the chloride content of the prepared soap materials was slightly higher than the corresponding values of the three commercial soaps used for comparison (Table 6). But the values are either lower or comparable with values reported in literature (Ikhuoria et al., 2008; Taiwo et al., 2008; Mak-Mensah and Firempong, 2011; ISO 685, 2013). Ikhuoria et al. (2008) reported laundry soap with chloride content of 1-5% to be acceptable (permissible) to be used for human use (Ikhuoria et al., 2008). This value (1–5%) is also set as the Ghanian standard (Viorica et al., 2011). There are also reports of chloride contents of soap products in the range of 0.16–1.15% (Taiwo et al., 2008; Mak-Mensah and Firempong, 2011; Viorica et al., 2011). Therefore, lower chloride content values of the prepared soap materials and the commercial soaps used in the study could be used as indicator showing that the soaps can be used for cleaning purposes without risk of cracking.


Table 6. The percentage of chloride content of prepared and commercial soap products.
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Lather Stability Test

Lather formation of different soap products can be explained based on the fatty acids composition of oil used in soap formulation. It has been found out that lauric acid and myristic acids, which are all saturated fatty acids, produce soap with fluffy lather (Phansteil et al., 1998). The analyses of lather formation of the prepared soap materials (in this study) were found to show lather in the range of good to excellent (Table 7). As expected, adding additive enhanced lather formation. The data also showed the lather formation of the prepared soap materials to be generally comparable to that of the commercial laundry soap samples (Top, B-29 and Peacock) used in the study (Table 7).


Table 7. The lather stability values of prepared and commercial soap samples.
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Cleaning Ability Test

The cleaning ability of a soap product is a measure of quality of soap in cleaning dirt materials (Phansteil et al., 1998). The result showed all the prepared soap materials to have cleaning abilities comparable to each other and also to that of the commercial soaps (Top, B-29 and Peacock) used in the study (Table 8). All these data indicate that the oils collected from hotels and street food vendors can be used as laundry soaps by treating them with alkaline solution prepared from Parthenium weed.


Table 8. The cleaning abilities value of the prepared and commercial soaps used in the study.
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CONCLUSIONS

In this study, soaps were prepared using lye solution prepared from parthenium weed ash and used cooking oils collected from hotels and street food vendors. Analyses of the prepared lye solution (pH) and physicochemical properties (saponification values, peroxide values, and acid values) of the collected used cooking oils were in acceptable ranges as compared to literature reports, suggesting that they can be used for soap making. Analyses of the properties (MC, TFM, TAC, pH, % chloride content, lather stability, and cleaning abilities) of the prepared soap materials revealed that the materials could be used for cleaning purposes. Moreover, the observed data from the analyses of the properties of the prepared soap materials were also found to be in acceptable (or permissible) ranges of reported standards of laundry soaps.

It is important to note that the aim of this study is not only an attempt to minimize environmental pollution but also to enable people to prepare laundry soap with low cost for household consumption using the abundantly available parthenium weed and any other weeds and also used cooking oils after food preparations.
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