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Abstract 

This study was carried out to investigate the potential of water hyacinth as a source of alkali solution for soap making 
and also its utilization as a possible option for its control. The ash of water hyacinth was boiled with distilled water to 
prepare the alkali solution. Alkalinity (pH) the resulting solution was tested using chemical indicators and pH meter to 
assess its suitability for soap making, and it was found to be 10.85. The prepared alkali solution was heated with used 
cooking oils to prepare soap by a process known as saponification. The moisture content, total free alkali content, total 
fatty matter and the pH values of the prepared soap materials were found to be in the ranges of 24.3-37.8%, 0.46-0.77, 
68.2-72.8 and 9.82-10.33%, respectively. These values are in acceptable ranges for good grade laundry soaps. The data 
also suggested that water hyacinth ash can be used as source of alkali solution for soap making. It is, therefore, possible 
to control environmental pollution caused by water hyacinth using its ash in soap making. 
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1. Introduction

Water hyacinth (Eichhornia crassipes) is a harmful weed that grows widely on water bodies and muddy lands 
(Anujasharma et al., 2016; Ebro et al., 2017). Reports revealed that the weed has been originated from Amazon Basin, 
and rapidly spread to Tropical, Sub-tropical and Pacific regions of the world (Julien et al. 1999; Julien et. al., 2001; 
Hossain, 2008; Jayanthi et al., 2011).  

Water hyacinth causes environmental pollution by covering the surfaces of water bodies. This, in turn, has serious 
consequences such as affecting irrigation, power generation, fishing, water transportation, and reduction of 
biodiversity. Experiences showed that it also reduces crop productivity and animal breeding as it invades farm lands 
and grass lands, respectively (Misfwa et al., 2001; Brendonck, 2003; Malik, 2007). Its leaves are known to cause high 
rate of evapotranspiration resulting in water scarcity in areas where it grows abundantly. Its infestation of water bodies 
result in a wide spread of malaria and bilharzia as it creates favorable conditions for breeding mosquitoes and other 
insects that are acting as vectors (Cock et al., 2000; Gunnarsson and Petersen, 2007; Anujasharma et al., 2016).  

Currently, three methods namely chemical, physical and biological methods are being used commonly to control water 
hyacinth in order to overcome its socio-economic challenges. However, the methods are not found to be effective to 
completely control this weed as are expected. This is could be attributed to the fact that each one of the aforementioned 
methods has its own limitation. The chemical methods cause environmental pollution whereas the physical methods 
are costly and not suitable for areas with very large infestations. The biological methods require long time and also may 
be not feasible to practice in most developing countries for several reasons such as lack of appropriate technology, 
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commitment of community  and economic capacity (Rachele and Andrew, 2013; Tewabe 2015; Adrian, 2017; Sharma 
and Chauhan, 2017; Worku and Shalie, 2018).  

Reports revealed that this weed has been introduced into Ethiopia about sixty years ago (Daniel et al., 2011; Wonde, 
2013; Tegene and Ayele, 2014; Firehun, 2014. Fessehaie et al., 2005). Currently, the weed has created severe damages 
in water bodies of the country such as Lake Tana (Near Bahir dar city), Lake Abaya, Lake Koka, and drainage structure 
of the Wonjishoa and Metahara sugar factory (Taye et al., 2009; Tewabe, 2015; Ebro et al., 2017; Asmare, 2017; Bedilu 
et al., 2017; Yigrem and Yohannes, 2019). The livelihoods of farming communities, who are living nearby water hyacinth 
infested water bodies, have been negatively affected. This is because it infests their farm lands that made farming and 
harvesting of crops difficult leading to a dramatic loss of crop productivity. The weed has also been found to decrease 
water quality, increases disease out breaks, reduce fish catch, and decline the diversity of aquatic life in these areas 
(Tewabe et al., 2017; Asmare, 2017). Taking the issue seriously, government and non-governmental organizations in 
Ethiopia looking for different methods to eliminate the weed from the infested areas (specifically in and around Lake 
Tana), and also to prevent its spread unaffected parts of the country. Physical method is being used widely in the area. 
In this method, removal of the weed is carried out by manual uprooting of the weed and harvesting using machine 
(Asmare, 2017). Though it is at its experimental stage, biological control method is also has been some attention 
(Firehun et al., 2013; Admas et al., 2017). 

The aforementioned control methods have not yet been found effective and economical, at the expected level. It is, 
therefore, advisable to seek for economically feasible and effective methods (Jafari, 2010; Weiping, et al., 2018). One 
possible option is devising methods that would help utilize this invasive weed for beneficial purposes. Some of the 
several alternative methods that are being utilized to control the weed include using it as animal fodder (Aboud et al., 
2005), compost (fertilizer) (Oyakawa et al., 1970; Majid, 1986; Szczeck, 1999), for bio-gas production (Ali et al., 2004; 
Santos et al., 2018), waste water treatment (Ingole and Bhole, 2002; Noukeu, 2016), phytoremedation (Soltan and 
Rashed, 2003; Mahamadi and Nharingo, 2010) and for paper production (Goswami and Saikia, 1994; Pintor-Ibarra et 
al., 2018). So far, attempts made to control this weed found to be costly with minimum results. This has necessitated 
looking for other alternatives such as utilization of the weed for economic benefits. In the present study, the possibility 
of using water hyacinth as source of alkali solution for soap preparation was explored thinking that this approach could 
be potential control option. So, the lye solution of the ash of water hyacinth and used cooking oil samples were used to 
prepare soap materials. There are no literature reports on attempts to prepare soap from lye of ash of water hyacinth 
and used cooking oil samples.  

2. Material and methods 

2.1 Chemicals and reagents 

Hydrochloric acid, alcoholic potassium hydroxide, phenolphthalein, ethanol, sulfuric acid, sodium chloride, potassium 
dichromate, carbon tetrachloride, iodine solution, glacial acetic acid, potassium iodide, sodium hydroxide, starch 
indicator and sodium thiosulphate were some of the chemicals/regents used in the experiment. All chemicals and/or 
reagents were general laboratory grade and were purchased from Ranchem PLT Co. agent, Addis Ababa, Ethiopia. 

2.2 Collection oil samples and plant materials 

The whole plant parts (leaves, roots and stems) were collected from Lake Tana, near Bahir Dar city, west Gojjam zone, 
Amhara Regional State, Ethiopia in April 2019. The plant material was dried completely by exposing it to a direct 
sunlight. The dried material was subjected to an open air burning to get ashes. Hotels, restaurants and street food 
venders were approached to obtain used cooking oil samples.  

2.3 Lye solution preparation  

A literature reported procedures (Zauro et al., 2016; Legesse et al., 2020; Legesse et al., 2021) were used to prepare the 
lye solution from the ash. This was done by boiling of sieved ash (150 g) with excess amount of distilled water for 30 
minutes and continuous stirring. The hot solution was cooled to room temperature. The resulting cold solution was 
filtered using Whatmann No.1 filter paper. It was then heated on over water bath until a fresh egg floats and/or it 
maintains an alkalinity of pH range > 7.  

2.4 Pre-treatment and determination of the properties of oil samples 

The oil samples were subjected to pre-treatment process. The process involves heating to 60 oC followed by filtration 
(Umor, 2002). The pre-treated oils were then subjected for furthers analyses to test their properties such as 
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saponification values (SV), acid values (AV) and iodine values (IV) employing literature reported procedures. These 
were determined in order test suitability of the oils for saponification. All the measurements were made in triplicate, 
and the mean values of the measurements were taken to determine the aforementioned properties.   

Saponification value (SV)  

The SVs of the oil samples were determined by mixing 2 g of an oil sample with 25 ml of ethanolic KOH solution (0.5 M) 
in a conical flask of 200 ml capacity. The content of the flask was heated for 1 hr in water bath with a continuous stirring. 
Then it was cooled to room temperature. The cold mixture was subsequently titrated with hydrochloric acid (0.5 M) 
using phenolphthalein solution (1%) as an indicator. A blank titration was also performed likewise. Determination of 
SV determined using the formula given below (Eq. 1) (Hautfenne, 1982; AOCS, 1997; Atiku et al., 2014; Vivian et al., 
2014; Osagie and Enyi, 2015; Ashrafy et al., 2016).               

 

 Where; V = Average volume of KOH in ml; W = Weight of an oil sample used for the test 28.06 = 0.5 x MW (56.1g/mol) 
of KOH 

2.4.1  Acid value (AV) 

The AVs were determined by boiling 2 g of oil samples with 100 ml of ethanol. Then 2-3 drops of indicator 
(phenolphthalein) were added into the cold mixture. The content of the flask was titrated with KOH solution (0.1 N) till 
the color of the mixture was turned pink. AVs were determined using the formula given below (Eq. 2) (Hautfenne, 1982; 
AOCS, 1997; Atiku et al., 2014; Vivian et al., 2014; Osagie and Enyi, 2015; Ashrafy et al., 2016). 

 
 V = quantity KOH solution (titrant) used (in ml); N= Concentration of the standard KOH solution (in N) 
 W = is the weight of an oil sample (in g); 56.1 is molecular weight of KOH (g/mol) 

Iodine value (IV) 

8 g of iodine was dissolved in 200 cm3 glacial acetic acid to prepare the Wijs reagent. In another test tube, 9 g of iodine 
crystal was dissolved in 300 cm3 carbon tetra chloride (CCl4). Subsequently, an oil sample (10 g) was mixed with 10 cm3 
CCl4 and 20 cm3 of the prepared Wij’s solution. The mixture was then allowed to cool by keeping it in a dark cup board 
for 30 minutes. Then, potassium iodide solution (15 ml) was added into the cold mixture followed by addition of 100 
cm3 of distilled water. Finally, a sample from the above mixture was titrated against sodium thiosulfate solution (0.1 M). 
In this experiment, starch was used as an indicator. A blank titration was also conducted under the same conditions. 
The IVs of the oil samples were determined using the formula given below (Eq. 3) (Hautfenne, 1982; AOCS, 1997; Atiku 
et al., 2014; Vivian et al., 2014; Osagie and Enyi, 2015; Ashrafy et al., 2016).            

(Eq. 3) 

  Where,  

 A = volume (in ml) of 0.1 M Na2S2O3.5H2O solution (0.1 M) used for blank titration. 
 B = volume (in ml) of Na2S2O3.5H2O solution (0.1 M) used for blank sample titration. 
 Q = amount oil sample (in g)      
 N = concentration of Na2S2O3.5H2O solution (in N) 
 12.69 is the conversion factor from mEq of Na2S2O3.5H2O to grams of iodine  
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2.5 Preparation of soap  

To prepare the soap materials, oil sample (10 g), ethanol (30 ml) and lye solution (60 ml) were mixed in beaker of 500 
ml Erlenmeyer flask. The content of the beaker was heated in a water bath at a temperature of 90oC. The heating was 
done for 50 minutes with a continuous stirring using a glass rod. The hot solution was added into a beaker that contained 
brine solution (50 ml). The mixture was stirred continuously in order to separate the soap mass from the glycerol and 
aqueous solution. The cold mixture was subjected to filtration using filter paper in order to separate the prepared soap 
product. Finally, the prepared soap material was dried in an oven and was kept in a dry place until it is used for 
physicochemical property tests as per the procedures reported in literatures (Legesse et al., 2020; Legesse et al., 2021). 

2.6 Physicochemical properties of the soaps 

After their preparation, the soap materials were subjected to physicochemical property tests. The properties were 
determined employing the procedures reported in literature reports. The tests were also carried out on the three 
commercial soap samples (references) namely Diva, Shemu and Coral. All the measurements were made in triplicates, 
and their mean values are presented in this paper.  

2.6.1 Moisture content (MC)  

The MC values of the prepared soap materials were determined using 5 g of soap sample (from each soap product) that 
was dried at 110oC. The MC values were determined by taking the ratio of mass changes to masses of the soap samples 
before drying (Eq. 4) (Hautfenne, 1982; Atiku et al., 2014; Vivian et al., 2014; Osagie and Enyi, 2015; Ashrafy et al., 2016). 

                                 (Eq. 4) 

Where 

 Wi = weight of soap sample before drying;      
 Wf = weight soap sample after drying  

2.7 Total free alkali (TFA) 

The TFA values of the prepared soap materials were determined by taking 10 g samples. Literature reported 
standard procedures were used in this experiment. The samples were mixed with 10 ml of neutralized ethanol in a 
beaker. Then 1N H2SO4 solution (5 ml) was added into the mixture. The content of each beaker was heated until the 
soap samples were completely got dissolved. The mixtures were allowed to cool to room temperature. The cold 
solutions were then titrated against NaOH solution (1N). Phenolphthalein was used as an indicator. The TFA was 
calculated using the following Equation (Eq. 5) (Hautfenne, 1982; Atiku et al., 2014; Vivian et al., 2014; Osagie and Enyi, 
2015; Ashrafy et al., 2016). 

                (Eq. 5) 

Where,  

 VA = volume of acid  (in ml); VB = volume of base (in ml) 
 W = weight of soap (in g);   3.1 = conversion factor 

2.7.1 Total fatty matter (TFM) 

The TFM values of the prepared soap materials were determined by treating them with acid in the presence of hot 
ethanol. This test was conducted by adding 10 g of soap sample into 500-ml flask that contained 150 ml of warm 
neutralized ethanol. The content of each flask was heated until the soap sample was dissolved completely. The solution 
was allowed to cool to room temperature and filtered using a filter paper. The residue was made to dry in an oven (at 
110oC) for 1 hour. The TFM value each soap sample was determined using the following Equation (Eq. 6) (Hautfenne, 
1982; Atiku et al., 2014; Vivian et al., 2014; Osagie and Enyi, 2015; Ashrafy et al., 2016). 
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(Eq. 6) 

Where,  

 MC = Moisture content of the prepared soap 
 MIA = Matter insoluble in alcohol 
 1.085: conversion factor 

2.8 Matter insoluble in alcohol (MIA) 

The MIA values of the prepared soaps were determined by taking 5 g sample from each product. In the experiment, each 
soap sample was dissolved using 50 ml ethanol. The mixture was poured onto a filter paper that was pre-weighed for 
the purpose of filtration. The resulting residue was dried by heating it in an oven at temperature of 105oC for 30 minutes. 
The residue was let to stand until its temperature was dropped to room temperature, and was subsequently weighed 
again. The MIA value each soap sample was calculated using the formula given below (Eq. 7) (Hautfenne, 1982; Atiku et 
al., 2014; Vivian et al., 2014; Osagie and Enyi, 2015; Ashrafy et al., 2016).    

(Eq. 7) 

 Where,  

 Ws = Weight of soap sample + filter paper 
 FP  = Weight of filter paper 
 W = Weight of the soap sample  

2.8.1 pH value 

The pH values of the soap products were determined by taking 10 g sample from each product. In the course of the 
experiment, 100 ml of distilled water was used to dissolve the soap samples completely. The pH value each of the 
solution was measured using a calibrated pH meter (Hautfenne, 1982; Atiku et al., 2014; Vivian et al., 2014; Osagie and 
Enyi, 2015; Ashrafy et al., 2016). 

2.8.2 Cleaning action and foaming ability of the soap samples  

Sufficient amount of distilled water was used to dissolve the soap samples (2 g). The resulting solution was used to test 
the cleaning abilities of the prepared soaps. A cloth that was stained with oil was used for the cleaning test. The foam of 
the soap solution (500 ml) was taken in a conical flask. The solution was shaken vigorously for 2 minutes to generate 
foam. Then the foam was let to stand and then its stability was determined as per literature reports (Legesse, 2020; 
Legesse et al., 2020).  

3. Results and discussion 

It is a well-known fact that soaps are prepared by boiling animal fat or vegetable oil with alkaline solutions (E.g., NaOH 
and/or KOH solution) using the process known as saponification. Literature reports showed that alkaline solutions 
obtained from ashes of agricultural wastes and weeds (Mistral et al., 1993; Ogunsuyi and Akinnawo, 2012; Oluremi et 
al,. 2012;  Beetseh and Anzo, 2013; Atiku et al, 2014) and used cooking oils can also be used as inputs to prepare soaps 
of acceptable qualities (Legesse, 2020; Legesse et al., 2020). This has two purposes; substitute for commercial inputs 
and pollution control caused by used cooking oils and weeds (Malaysia, 2015).  

3.1 Preparation of lye solutions 

Ashes of plant materials are used for preparation of lye solution that mainly containing KOH or NaOH for soap 
preparation (Ogunsuyi and Akinnawo, 2012). Alkalinity of the prepared lye solution was tested using a phenolphtelien 
indicator that changes to pink, and also red litmus paper turned to blue and pH paper. The color changes indicated the 
alkaline nature the prepared solution revealed its. The pH (10.85) of the solution also confirmed the alkalinity. The 
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finding is also consistent with the literature reported basicity of lye solution prepared from the ash of parthenium weed 
(Legesse et al., 2021) and jatropha (Legesse et al., 2020).  

3.1.1 Physiochemical properties of oil samples 

The physiochemical properties of the oil samples namely saponification value (SV), Acid value (AV) and Iodine value 
were analyzed using standard methods in order to evaluate whether they could qualify for soap making or not. 

3.2 Saponification value (SV) 

SV is a parameter that refers the number of milligrams of KOH or NaOH required to saponify 1 gram of oil or fat (Shahidi, 
2005; Warra, 2013). Literature reports also indicated that an oil sample with high SVs, for instance, from coconut oil 
(257.0 mgKOH/g) and palm oil (199.1 mgKOH/g) to show good quality for soap making (FAO, 2015). In the present 
study, the SVs were found to be 157.08 ± 0.07 mgKOH/g (for oil sample from street food venders), 197.75 ± 0.40 
mgKOH/g (oil sample from hotels) and 198.80 ± 0.65 mgKOH/g (oil samples from restaurants) (Table 1). The observed 
SV data and comparison with literature reports (FAO, 2015) indicated that the oils samples used in the study possess 
the acceptable qualities for laundry soap making (Legesse, 2020). 

 Table 1 The physicochemical properties of the oil samples used in the study 

Source of used cooking oil 
samples 

SV (mg KOH/g) AV (mg KOH/g) IV (gI2/g) 

Street food venders 157.08 ± 0.07 15.87 ± 0.3 33.63 ± 0.82 

Hotels 197.75 ± 0.40 11.22 ± 0.08 29.2 ± 0.53 

Restaurants  198.80 ± 0.65 11.06 ± 0.01 28.75 ± 0.92 

SV: Saponification value; AV: Acid value; IV:  Iodine value 

3.3 Acid value (AV) 

AV is one of the commonly used parameters to assess quality of oil in soap preparation. It refers to the number of 
milligrams of KOH needed to neutralize free fatty acid present in one gram of oil or fat. Lower AV values to indicate 
occurrence of fewer fatty acids. Thus, such oils or fats are less susceptible to rancidity (Mabrouk, 2005; Warra, 2013). 
The AV results obtained in this study are 15.87±0.3 mg KOH/g, 11.22±0.08 mg KOH/g and 11.06±0.01 mg KOH/g for oil 
samples obtained from street food venders, hotels and restaurants, respectively (Table 2). The observed AVs showed 
that the oil samples from hotels and restaurants were slightly lower than literature reported value (15 mg KOH/g). But 
the corresponding value for oil collected from street food vender (15.87 ± 0.3 KOH/g) was comparable to the standard 
value reported in literature (Umor, 2002). It is, therefore, worthwhile to prepare soaps and check the quality by using 
each oil type. 

3.4 Iodine value (IV) 

IV is one of the important parameters to assess qualities of oil samples before using them for soap making. It refers to 
the amount of iodine in grams taken up by 100 g of oil/fat sample. Its value also indicates the amount of unsaturated 
fatty acids present in a given oil product. Low IVs indicate the presence of fewer unsaturated fatty acids in oil. Thus oils 
with low IVs will have low rate of rancidity or oxidation, and are used for making harder soap bars (Hautfenne, 1982; 
Phanseil et al., 1998; Debash, 2013; Atiku, et. al.; 2014). The IVs of the used cooking oil samples were in the range of 
28.75±0.92 -33.63±0.82 g I2/g (Table 1). These values are lower than IV value reported for palm oil (52.63 ± 0.14) that 
is commonly used for soap making (Azmil et al., 2008). This, therefore, suggests that the oil samples used in the study 
have fulfilled the minimum requirements for soap making.  

3.5 Preparation of soap  

Soap can be produced by boiling vegetable oil/animal fat with alkaline (lye) solutions that usually contain either NaOH 
or KOH by a process known as saponification (Beetseh and Anzo, 2013; Warra, 2013). Commonly used alkaline 
compounds, for soap making, are of commercial origin, and are obtained from industrialized nations. This makes the 
cost of soaps very high in developing countries such as Ethiopia. Thus, use of locally available materials such as ashes 
of agricultural residues and weeds can be used as a means to prepare alkaline solution for soap making (Osagie and 
Enyi, 2015; Undiandeye, 2015; Zauro1 et al., 2016; Waithaka and Muriuki, 2019) and controlling environmental 
pollution, at the same time.  
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In the present study, alkaline solution was prepared from ash of water hyacinth weed. As it is mentioned in the 
introduction part, this weed is available in abundance in some of the Ethiopian lakes. It is spreading rapidly causing 
water pollution. The prepared soaps are soft (paste-like) that are not solidified immediately upon addition of brine 
solution (Figure 1). This might be due to larger potassium oxide proportion (as compared to sodium hydroxide) in the 
ash of water hyacinth (Atiku, 2014; Okoye et al.; 2015; Undiandye et al., 2015; Lara, 2016; Shafy, 2016; Tony, 2016). 
Potassium-based soaps are usually liquid or soft soaps as they are difficult to separate them from the lye solution due 
to their high solubility (Nelson, 1948).  

3.6 Physicochemical properties of the prepared soaps 

Some physical properties of the prepared soap materials that were prepared using standard procedures reported 
literatures (Beetseh and Anzo, 2013) are briefly discussed in this section. Three commercial soap samples (Diva, Shemu 
and Coral) were purchased from local markets in Hawassa city, and their properties were determined for the sake of 
comparison of data obtained from the experiments. 

 

Figure 1 The soaps prepared using oil samples collected from street food venders (A), hotels (B) and restaurants oils 
(C) and a lye solution obtained from water hyacinth (Kefale Firew, 2019) 

3.7 Moisture content (MC) 

Table 2 The physicochemical properties of soaps prepared in this experiment 

Soap prepared from MC (%) TAC (%)  (%) pH value Cleaning 
ability 

Foam 
ability 

Used oil  from hotels 24.3 0.84 68.2 10.33 Good Good 

Used oil from street food 
venders 

37.8 0.46 72.8 10.21 Good Good 

Used oil from restaurants 29.2 0.77 69.5 9.82 Good Good 

Commercial soap 

Diva 8.25 ± 0.91 0.94 ± 0.03 75.26 ± 0.26 10.32 Excellent Very good 

Coral 6.45 ± 1.2 1.01 ± 0.05 77.02 ± 0.41 10.53 Very good Good 

Shemu 5 ± 0.85 0.92 ± 
0.017 

75.91 ± 0.20 10.68 Very good Excellent 

MC: Moisture Content; TAC: Total alkali content; TFM: Total fatty matter 

The MC value of a soap product refers to the existence of liquid traces of water molecule in an oil sample. It is used in 
predicting the shelf-life of a soap product. Literature reports state that high MC value of a soap product would result in 
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a reaction of excess water with unsaponified fat to give free fatty acid and glycerol. Such hydrolyses reaction would 
make it difficult to store soap products for long period of times. It is determined by dissolving the soap sample in 
distilled water and drying it in an oven at 110oC (Hautfenne, 1982). The MC values for soaps from used cooking oils, oils 
from hotel, oils from restaurants and oils from street food venders, respectively are 24.3%, 29.2% and 37.8% (Table 2). 
The observed MC values of the soaps were found to be relatively high, and were found to be higher than the 
corresponding values of the commercial soaps namely Diva (8.25 ± 0.91%), Coral (6.45 ± 1.2%) and Shemu (5 ± 0.85%) 
used in the study(Table 2). It, however, is comparable with moisture content of potassium soaps reported in literature 
(15 to 22%) (USA patent, 1956) and that of liquid soaps from Ghana (16-46%) (Doreen et al., 2014). The MC value also 
indicates that the prepared soaps are potassium soaps and in the limits of the MC ranges of liquid soaps. 

3.8 Total free alkali content (TFA) 

The TFA content is a physicochemical property that refers the quantity of free caustic alkali and carbonated alkali. It is 
expressed as a percentage (m/m) as either NaOH for sodium soaps or KOH for potassium soaps (Hautfenne, 1982). The 
TFA contents of the soaps prepared in this study were 0.84, 0.77 and 0.46% for soaps prepared using used oil samples 
collected from hotels, restaurants and street food venders, respectively (Table 2). The values were found to be 
comparable with the reported TFA values of commercial soaps (Coral 1.01 ± 0.05%, Shemu 0.92 ± 0.017% and Diva 0.94 
± 0.03% <5%) used in the study. They, however, are lower than the International Organization for Standardization (ISO) 
specification (< 2%) (Legesse, 2020). This shows that the TFA values of the prepared soaps from the ash of water 
hyacinth weed to be the acceptable limit of ISO.  

3.9 Total fatty matter (TFM) 

One of the most important characteristics that describe quality of a soap product is TFM. Soap products with high 
content of TFM indicate that a given soap product has a better quality. The TFM is used to quantitatively describe 
amount of fatty matter (fatty acids) in soap products. The fatty matter commonly present in soaps are oleic, steric and 
palmitic acids. The TFM data in this study were found to be 68.2%, 72.8% and 69.5% for soaps prepared from oil from 
hotel, oils from restaurants and oils from street food venders, respectively (Table 2). The corresponding values were 
75.26 ± 0.26%, 77.02 ± 0.41% and 75.91 ± 0.20% for the commercial soaps namely Diva, Shemu and Coral, respectively 
(Table 4). The observed TFM values are higher than the minimum requirement reported by East African Standards 
(50%) (EAS, 2014), and are comparable with the TFM value (34-75%) reported by Beetseh and Anzo, (2013). The TFM 
value less than 50% indicates that a soap product associated with hardness and lower quality (ISO, 2013). Accepted 
limits TFM values are different from country to country. For instance, soap products referred as grade I, grade II and 
grade III if TFM values  75%, minimum TFM value of 65% and TFM value above > 50%, respectively (BIS, 2011; ISO, 
2013). The observed TFM data in the present study indicated that the prepared soaps are of good grade soaps. 

3.10 The pH value  

This is an important property that needs to be determined before marketing soap products to human use as it measures 
alkalinity of soap products. A given soap product with pH 9-11 is considered as suitable product for human use. Soap 
should not cause harmful effects on skin and hands when it is used for cleaning (Gunathilake et al., 2007; Tarun et al., 
2014). The data in this experiment were comparable to each other and also to that of the three commercial soaps used 
in the study (Table 2). The values, moreover, were found to be in line with recommended pH range (9-11) of commercial 
soap products (Lumley and Colwell, 1991; Viorica,, et al., 2011; Warra, 2013; Tarun et al., 2014; Vivian et al., 2014). The 
data suggested that the prepared soaps could be used for cleaning purpose without causing any harm on users’ skin. 

3.11 Cleaning ability test of the prepared soap products 

The quality of a soap product can be measured by its ability to clean dirt materials (Hui, 1996). Although this property 
is subjective, the result of our study is presented by comparing the prepared soap cleaning ability with the commercial 
soaps. In this study, the prepared soaps showed comparable cleaning ability to each other and a slightly lesser extent to 
that of the commercial soaps products (Diva, Shemu and Coral) (Table 2). In general, the finding of the present study 
indicated that soaps produced from the lye solution obtained from the ashes of water hyacinth and used cooking oils 
are in the acceptable quality soap grade. The finding of this study indicated that use of water hyacinth ash for lye 
preparation could be considered as an alternative method to control environmental pollution caused by the weed. 

3.12 Foaming ability and stability test 

Literature reports reveal that fatty acid compositions of oil used for preparation soap products are used to explain the 
soaps’ ability in lather formation. For instance, lauric and mystric acids are saturated fatty acids and are used to produce 
soaps with fluffy leather (Hui, 1996; El-Sharkawy, 2011; Siva et al., 2015). The result of the foaming ability and stability 
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test indicates the prepared soaps form good and sufficiently stable lather (Table 2). The observed lather and its stability 
were found to be comparable with similar properties of the commercial laundry soap samples (Diva, Shemu and Coral) 
(Table 2) used in the study. The observed slight differences in foaming abilities and leather stability could be attributed 
to the presence of foaming agents that enhance foam formation in commercial soaps and absence of such agents in the 
prepared soaps (Bajpai and Tyagi, 2007; Chen et al., 2010). 

4. Conclusion 

The lye solution prepared from water hyacinth showed enough basicity (9.82-10.13) and the physicochemical 
properties of the used cooking oils also revealed that they have sufficient qualities to be used as inputs for soap making. 
The properties (MC, TFM, TAC, pH, foaming stability and cleaning abilities) of the prepared soaps were also found to be 
in the ranges of reported standards of laundry soaps. Therefore, the prepared soaps are believed to be sufficiently useful 
for cleaning purposes indicating the possibility of water hyacinth weed ash for making liquid/soft soap substituting the 
commercial/imported potassium hydroxide. This would also serve as a means to control the invasion of the lakes (such 
as Lake Tana) in Ethiopia by water hyacinth, simultaneously. These days small scale soap production is flourishing in 
Ethiopia. The result of the study can, therefore, also be considered as a potential area in creating job opportunity to the 
local community where the weed grows in abundance.  

Compliance with ethical standards 

Acknowledgments 

KF acknowledges the MOE, Federal Democratic republic Ethiopia for financial support in the form of salary during his 
MSc tenure. 

Disclosure of conflict of interest 

No conflicts of interest have been declared. 

References 

[1] Abdel-Shafy HI, Farid MR, Shams AM (2016). Water hyacinth from Nile river: Chemical contents, nutrient 
elements and heavy metals. Egypt. J. Chem. 59: 131- 143. 

[2] Aboud AA, Kidunda RS, Osarya, J (2005). Potential of water hyacinth (Eicchornia crassipes) in ruminant nutrition 
in Tanzania. Livestock Res. Rural Dev. 17: 5 

[3] Admas A, Sahle S, Belete E, Agidie E, Alebachew M (2017). Controlling water hyacinth in Lake Tana using 
biological method at green house and pond level. European J. Experimental. Biol. 7: 1-5. 

[4] Adrian EW (2017). Possible uses of water hyacinth. Manchester, UK. . 

[5] Adulkadir AG, Jimoh WL (2013). Comparative analysis of physicochemical properties of extracted and collected 
palm oil and tallow. Chem. Search. J. 4: 44-54. 

[6] Ali MM, Soltan ME (1999). Heavy metals in aquatic macrophytes, water and hydro soils from the river Nile. Egypt 
J. Union. Arab. Biol. 9: 99-115. 

[7] Ali N, Chaudhary BL, Khandelwal SK (2004). Better use of water hyacinth for fuel, manure and pollution free 
environment. Indian J. Environ. Prot. 24: 297-303. 

[8] American Oil Chemists’ Society (AOCS) (1997) Official and recommended practices of the AOCS. 7th edition, AOCS 
Press publication, Champaign. 

[9] Anujasharma NK, Aggarwal AS, Anita Y (2016). Beyond control: water hyacinth:- opportunities and challenges. J. 
Envt. Sci. Technol. 9: 26-48. 

[10] Ashrafy H, Sazal K, Md. Sajal S, Joyanto K, Khodeza K, Sharif MA (2016). Study on the physicochemical properties 
of some commercial soaps available in Bangladeshi market Int. J. Advanced Res. Chem. Sci. 3: 9-12. 

[11] Asmare E (2017). Current trend of water hyacinth expansion and its consequence on the fisheries around north 
eastern part of Lake Tana, Ethiopia. J. Agri. 5: 8-15. 



Comprehensive Research and Reviews in Chemistry and Pharmacy, 2022, 01(01), 012–024 

21 

[12] Atiku FA, Fakai IM, Wara AA, Birnin-Yauri AU, Musa MA (2014). Production of soap using locally available alkaline 
extract from Millet Stalk: A study on physical and chemical properties of soap. Int. J. Advanced Res. Chem. Sci. 1, 
1-7. 

[13] Azmil H, Ahmad T, Siew WL, Ainie K (2008). Palm-based standard reference materials for Iodine value and slip 
melting point. Anal Chem Insights. 3: 127–133. 

[14] Bajpai D, Tyagi VK (1995). Laundry detergents: an overview. J. Oleo Sci. 56: 327-340. 

[15] Bartodziej W, Weymouth G (1995). Water bird abundance and activity on water hyacinth and Egeria in the St-
Marks River, Florida. J. Aquatic Plant Managt. 33: 19-22. 

[16] Bedilu BM, Dikaso U, Eyualem A (2017). Invasion of water hyacinth (Eichhornia crassipes) Is Associated with 
decline in macrophyte biodiversity in an Ethiopian Rift-Valley Lake Abaya. Open J.  Ecol. 7: 667-681. 

[17] Beetseh CI, Anzo MK (2013). Chemical characterization of local black soap (chahul Mtse) made by using cassava 
peels ash (alkali base) and palm oil. J. Int. Sci. Technol. Educ. 3: 82-84. 

[18] Brendock L (2003). The impact of water hyacinth (Eichhornia crassipes) in a eutrphic subtropical impoundment 
(Lake Chivero, Zimbabwe). II. Species diversity. Arch Hydrobiol. 158: 389-390. 

[19] Bureau of Indian standards, DOC: CHD 20 (1861) C, May 2011. 

[20] Chen HF, Yang, CH, Chang MS, Ciou YP, Huang YC (2010). Foam Properties and Detergent abilities of the saponins 
from Camellia oleifera. Int. J. Mol. Sci. 11: 4417-4425 

[21] Cock MR, Herren MH, Julien P, Neuenschwander J (2000). Harvesters get that sinking feeling. J. Environmental 
Tech. 21: 213-217. 

[22] Daniel W, Feleke Z, Seyoum L (2011). Potential of water hyacinth (Eichhornia crassipes (Mart.) Solms) for the 
removal of chromium from tannery effluent in constructed pond system. SINET Ethiop. J. Sci. 34: 49-62. 

[23] Debash M (2013). Preparation of soap using different types of oils and exploring its properties. Msc .Thesis. Nat. 
Inst. Tecnhol., Rourkela. 

[24] Doreen A, Godfre ES, Henry N (2014). Quality analysis of selected liquid soaps in Ghana. Int. J. Advancements Res. 
Technol. 3: 124-129. 

[25] East Africa standard laundary soap-specification. East Affrication Community; EAS, Arusha; Tanzania, 2014. 

[26] Ebro A, Berhe K, Getahun Y, Adane Z, Alemayehu N, Yismashawal F, Tegegne A (2017). Water hyacinth 
(Eichhornia crassipes (Mart.): Land use/land cover changes and community-based management in East Shoa 
zone, Ethiopia. Int. J.  Environ. Agri. Res. 3: 1-7. 

[27] El-Sharkawy GF (2011). Awareness of Sodium Lauryl Sulfate & Sodium Laureth Sulfate Health Hazards among 
Users .J. Am. Sci. 7: 535-541. 

[28] FAO, Joint FAO/WHO food standards programme codex Alimentarius commission thirty-eighth session CICG, 
Report of the Twenty Forth Session of the Codex Committee on Fats and Oils Melaka, Malaysia held between 9 -
13 February 2015. 

[29] Fessehaie R (2005). Water hyacinth (Eichhornia crassipes): A Review of its weed status in Ethiopia. Arem 
(Ethiopia). 

[30] Firehun Y, Struik PC, Lantinga EA, Taye DT (2013). Joint use of insects and fungal pathogens in the management 
of waterhyacinth (Eichhornia crassipes): Perspectives for Ethiopia. J. Aquat. Plant Manage. 51: 109-121. 

[31] Firehun Y, Struik PC, Lantinga EA, Taye T (2014). Water hyacinth in the rift valley water bodies of Ethiopia its 
distribution socioeconomic importance and management. Int. J. Current Agri.  Res. 3: 67-75. 

[32] Ganesh CD, Roshan SW, Meena K, Ajay SK (2012). Composting of water hyacinth using Saw dust/Rice straw as a 
bulking Agent. Int. J. Environ. Sci. 2: 1223-1238.  

[33] Goswami T, Saikia CN (1994). Water hyacinth - a potential source of raw material for greaseproof paper. 
Bioresour. Technol.50: 235-238. 

[34] Gunathilake HM, Sirimanna  GM, Schurer NY (2008). The pH of commercially available rinse-off products in Sri 
Lanka and their effect on skin pH. Ceyon Medical J. 52: 125-129. 



Comprehensive Research and Reviews in Chemistry and Pharmacy, 2022, 01(01), 012–024 

22 

[35] Gunnarsson CC, Petersen CM (2007). Water Hyacinths as a resource in agriculture and energy production: A 
literature review. Waste Management. 27: 117-129.  

[36] Hautfenne, A (1982). Standard methods for the analysis of oils, fats and derivatives. Pure. Appl. Chem. 54: 1257-
1295. 

[37] Hossain AM (2008). In vitro determination of antioxidant capacity for methanolic extract of Eichhorina crassipes, 
Lawsonia inermis and Cissus quadiran gularis L. Department of Pharmacy; East West University: Dhaka. 

[38] Hui HY (1996). Soap. In: Bailey’s Industrial oil and fat products. A Wiley Inte.Sci. Publ. Jhon Wiley and Sons Inc. 
NY. pp 93-98. 

[39] Ingole NW, Bhole AG (2002). Utilization of water hyacinth relevant in water treatment and resource recovery 
with special reference to India. J. Water Suppl. Res. Technol.51: 283-295. 

[40] International organizations standard specification for soap ISO 685, 2013.  

[41] Jafari N (2010). Ecological and socio-economic utilization of water hyacinth (Eichhornia crassipes Mart Solms) J. 
Appl. Sci. Environ. Manage. 14, 43-49. 

[42] Jayanthi P, Lalitha P, Shubashini KS(2011). Phytochemical investigation of the extracts of Eichhornia crassipes 
and its solvent fractionates. J. Pharm. Res. 4: 1405-1406. 

[43] Julien MH, Griffiths MW, Stanley JN (2001). Biological control of water hyacinth. The moths Niphograpta 
albiguttalis and Xubida infusellus: Biologies, host ranges, and rearing, releasing and monitoring techniques. 
Australasian Centre IInt. Agri. Res. Monogr. Ser. 79, 91. 

[44] Julien MH, Orapal W (1999). Structure and management of a successful biological control project for water 
hyacinth, pp. 123-134. In: M.P. Hill, M.H. Julien; T.D. Center (eds.). Proceedings of the First Global Working Group 
meeting for the biological and integrated control of Water hyacinth, Harare, Zimbabwe. Plant Protection Research 
Institute, Pretoria, South Africa. 

[45] Lara-Serrano JS, Rutiaga-Quiñones OM, López-Miranda J, Fileto-Pérez HA, Pedraza-Bucio FE, Rico-Cerda JL, 
Rutiaga-Quiñones JG (2016). Physicochemical characterization of water hyacinth (Eichhornia crassipes (Mart.) 
Solms). BioRes. 11: 7214-7223. 

[46] Legesse A (2020). Preparation of laundry soap from used cooking oils: getting value out waste. Sci. Res. Essays. 
15, 1-10. 

[47] Legesse A, Habtamu A, Tegene T (2020). Use of Jatropha seed oil and alkali solution obtained from its ash for 
soap making. An environmentally friendly and cost effective approach. J. Appl. Sci. Environ. Manage. 24: 2005-
2015.  

[48] Legesse A, Tesfaye G, Tegene T (2021). Exploring of the Potential of Parthenium Weed Ash as substitute for 
commercial alkali for preparation of laundry soap: As a Means to control invasion of parthenium. Frontiers 
Sustain. Sustainable Chem. Process Design. vol 2 (published on line: doi: 10.3389/frsus.2021.607125) 

[49] Lumley LD, Colwell RK (1991). Fats from fatty foods and determination of fat content in analysis of fat and fatty 
foods. Rossel, J.B. and Pritchard, J. L.R.(Eds), pp 238-247. 

[50] Mabrouk ST (2005). Marking useable quality, opaque or transparent soap. J. Chem. Educ. 18: 1534-1537.   

[51] Mahamadi C, Nharingo T(2010). Utilization of water hyacinth weed (Eichhornia crassipes) for the removal of Pb 
(II), Cd(II) and Zn(II) from aquatic environments: an adsorption isotherm study. Environ. Technol. 31: 1221-
1228. 

[52] Majid FZ (1986). Aquatic weeds: utility and development. 1st Edn, India Agro Botanical Publishers. 

[53] Malaysia Batu Caves (2015). Malaysia Recycle used cooking oil into eco-soaps and biodiesel. Brazilian Oper. Pro. 
Mangt. 12: 66-72. 

[54] Malik A (2007). Environmental challenge vis a vis opportunity: the case of water hyacinth. Environ. Int. 33: 122-
138. 

[55] Masifwa WF, Twongo T, Denny P (2001). The impact of water hyacinth, Eichhornia crassipes (Mart.) Solms on 
the abundance and diversity of aquatic macro invertebrates along the shores of northern Lake Victoria, Uganda. 
Hydrobiologia. 452:79-88. 



Comprehensive Research and Reviews in Chemistry and Pharmacy, 2022, 01(01), 012–024 

23 

[56] Mistral MK, Ragland W, Baker AJ (1993). Wood ash composition as a function of furnace temperature. J. Biomass 
and Bio energy. 3: 103-116. 

[57] Noukeu NA, Dibong SD, Gouado I;. Ekodeck GE, Priso RJ (2016). Characterization of effluent from food processing 
industries and stillage treatment trial with Eichhornia crassipes (Mart.) and Panicum maximum (Jacq.). Water 
Res. Industry. 16: 1-18. 

[58] Ogunsuyi HO, Akinnawo CA (2012). Quality assessment of soaps produced from palm bunch ash derived alkali 
and coconut oil. J. Appl. Sci-Environ. 16: 363-366. 

[59] Okoye PC, Daddy F, Jlesanmj BD (2002). The nutritive value of water hyacinth (Wichhornia crassipes) and its 
utilisation in fish feed. pp65-70. http://aquaticcommons.org/965/1/WH_065-070.pdf 

[60] Oluremi O, Oluyemi EA, Ajayi OS (2012). Metal analyses of ash derived alkalis from banana and plantain peels 
(Musa spp.) in soap making. African J. Biotechnol. 11: 16512-16518.  

[61] Osagie OF, Enyi CC (2015). Utilization of agricultural waste (Rubber seed oil, Kola nut pods and Almond leaves) 
for soap production. Int. J. Geog. Environ. Managt. 1: 121-132. 

[62] Phanseil ON, Dueno E, Xianghong WQ (1998). Synthesis of exotic soap in the chemistry laboratory. J. Chem. Educ. 
75: 612-614. 

[63] Pintor-Ibarra LF, Rivera-Prado JJ, Ngangyo-Heya M, Rutiaga-Quiñones JG (2018). Evaluation of the chemical 
components of Eichhornia crassipes as an alternative raw material for pulp and paper. BioRes. 13: 2800-2813. 

[64] Rachele O, Andrew PC (2013). Control option for water hyacinth in Australian. Department of Primary Industries. 

[65] Santos LO, Fernanda FS, Lidiane CS, Ingred SC, Alberto W (2018). Potential bio-oil production from invasive 
aquatic plants by microscale pyrolysis studies., J. Braz. Chem. Soc.29: 151-158. 

[66] Shahidi F (2005). Quality assurance of fats and oils. In: Bailey's industrial oil and fat products, Shahidi, F. (Ed.). 
6th Edn., John Wiley and Sons Inc., USA, 2005. 

[67] Sharma HI, Chauhan MS (2017). Water hyacinth: control and utilization. Int. J. Civil Eng. Technol. 8: 765-772. 

[68] Siva M, Ramamurthy K, Dhamodharan R (2015). Sodium salt admixtures for enhancing the foaming 
characteristics of sodium lauryl sulphate. Cement and concrete composites.57: 
10.1016/j.cemconcomp.2014.12.011. 

[69] Soltan ME, Rashed MN (2003). Laboratory study on the survival of water hyacinth under several conditions of 
heavy metal concentrations. Advances Environ. Res.7: 321-334. 

[70] Szczeck MM (1999). Suppressiveness of vermicompost against fusarium wilt of tomato. J. Phytopathol. 
Phytopathologische Zeitschrift. 47: 155-161. 

[71] Tarun J, Susan J, Suria J, Susan VJ, Criton S (2014). Evaluation of pH of bathing soaps and shampoos for skin and 
hair care. Indian J Dermatol. 59: 442-444. 

[72] Taye T, Rezene F, Firehun Y, Derje T, Tamado T (2009). Review invasive weed research in Ethiopia, pp. 381-407. 
In: T. Abraham (ed.). Increasing crop production through improved plant protection, Volume 2. Plant Protection 
Society of Ethiopia, Addis Ababa, Ethiopia. 

[73] Tegene S, Ayele N (2014). Prevalence and intensity of water hyacinth infestation in the water bodies of rift valley 
Ethiopia. The J. Agri. Natural Resource Sci. 1: 118-126. 

[74] Tewabe D (2015). Preliminary survey of water hyacinth in Lake Tana, Ethiopia. Glob J Allergy. 1: 13-18.  

[75] Tewabe D, Asmare E, Wondie Z, Brehan M (2017). Identification of impacts, some biology of waterhyacinth 
(Eichhornia crassipes) and its management options in Lake Tana, Ethiopia. J. Agri. Sci. 5: 8-15.  

[76] Tony II (2016). Photochemical composition and anti-bacterial activity of Eichhornia crassipes in Lake Victoria, 
Kisumu.  Int. J. Sci. Technol. Res. 5: 1-8. 

[77] Umor M (2002). Cosmotics soap, detergent and NAFDAC regulatory requirement. A paper presented of a training 
workshop for small and medium scale enterprise organized by UNDP/JCSI ministry of commerce and Industry, 
Masduguri, Borono state Nigeris. 2: 3-5. 

[78] Undiandeye J, Vopnu BS, Evbuomwan  BO, Amakiri KH (2015). assessment of alkali levels in palm bunch ash, for 
black soap production. European Int. J. Sci. Technol. 4: 120-142. 



Comprehensive Research and Reviews in Chemistry and Pharmacy, 2022, 01(01), 012–024 

24 

[79] United States Patent Office. Pich, Chicago, E., assignor to Armor aid Coil pany, Chicago, II., a corporation of Einois, 
2,740,760 (1956). 

[80] Viorica P, Alina S, Simona D (2011). Quality control and evaluation of certain properties for soap made in 
Romanian. J. Sci. Stu. Res. Chem. Eng. Biotecnhol, Food Ind. 12: 257-261. 

[81] Vivian OP, Oyaro N, Aloys O, Linda M., Wesley NO (2014). Assessment of the physicochemical properties of 
selected commercial soaps manufactured and sold in Kenya. Open J. Applied Sci. 4: 433-440. 

[82] Waithaka PN, Muriuki JN (2019). Preparation of soap using banana peel and olive tree ashes. Animal Sci. J. 10: 
22-29. 

[83] Warra AA (2013). Soap making in Nigeria using indigenous technology and raw materials. African J. Pure. Applied 
Chem. 7: 139-145. 

[84] Weiping S, Qingping S, Meisheng X, Zhengshun W, Zhitong Y (2018). The Resource utilization of water hyacinth 
(Eichhornia crassipes [Mart.] Solms) and its challenges. Resources 7: 46; doi:10.3390/resources7030046 

[85] Wondie Z (2013). Assessment of water hyacinth (Eichhornia crassipes (Mart) Solms) in relation to water quality, 
composition and abundance of plankton and macro-invertebrates in the north-eastern part of Lake Tana, 
Ethiopia. 

[86] Worku M, Shalie S (2018). Impact of water hyacinth, Eichhornia crassipes in Lake Tana. J. Aquac. Res. 
Development. 9: 520-525 

[87] Yigrem M, Yohannes M (2019). Distribution, impacts and management option for Water hyacinth (Eichhnornia 
Crassipes [Mart.] Solms) in Ethiopia: A review. J. Advances Agri. 10: 1764-1771 

[88] Zauro SA, Abdullahi MT, Aliyu A, Muhammad A, Abubakar I, Sani YM (2016). Production and analysis of soap 
using locally available raw-materials. Elixir Appl. Chem. 96: 41479-41483. 


