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ABSTRACT 

 
Soaps are the sodium or potassium salts of fatty acids, prepared by the 

saponification reaction of oil (lipids) with caustic soda (NaOH). However, different 
oils have different composition of fatty acids; which are responsible for different 
properties of soaps made from them.  In this work; two different types of lipids i.e. 
tallow, and coconut oil were used. An initial application of wood charcoal as green 
deodourizer for tallow resulted to phenomenal claim of the charcoal as viable 
substitute for either expensive/toxic perfume or bleaching, as remedial process for the 
foul smell of animal fat. It was observed that with powdered charcoal, the fine surface 
area of dispersion is not responsible in the efficiency of wood charcoal as deodourizer. 
Rather, the large pores on the amorphous shape of wood charcoal are responsible for 
the adsorption of the volatile components liable for offensive smell of saponified 
animal fat. The two lipid sources were blended in three different ratios of 80:20, 50:50 
and 20:80 for tallow:coconut oil respectively; and saponified with sodium hydroxide.  
Preliminary physicochemical properties of the soap samples prepared were analyzed. 
Percentage moisture content, hardness, foam stability, free alkali, cleansing and 
lathering properties of all samples were compared. The lipids blend at 80:20 ratio was 
established to be the best; with average foam stability of 2.00 and lowest moisture 
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content of 8.20%. The moisture content confirmed complete saponification reaction 
and long shelf life of the soap. The soaps from the blends might have no adverse effect 
on cloth or skin, as the amount of free caustic alkalinity was below standard limits 
when compared with those given in the literature. 
 
Keywords: Caustic soda, coconut oil, green deodourizer, soap, tallow, wood 
charcoal. 

 
INTRODUCTION 

 
Soap is a combination of animal fat or plant oil (collectively referred to as “Lipids”) 

and alkali (usually caustic soda).  It origin dated back to around 600 BC, when it was made 
from goat tallow and wood ash. In aqueous solutions, soap allows insoluble hydrophobic 
particles in dirt and oil to become soluble in water, and then be rinsed away from surfaces 
(Scheme 1). Various applications of soap ranges through the ages as skin cure, sores, hair dye, 
skin ointment, lubricant, or perfume (Philips, 2008). Except for lye, additives and perfume; 
most soap making equipment and chemicals are readily available. They include usual domestic 
appliances like scale, safety googles, gloves, thermally stable plastics or steel pitches, 
thermometer, paper towel, mold and plastic spatula.   

Tallow, i.e. veneered beef or mutton fats; is the triglyceride from animals. Its 
saponified product is called ‘sodium tallowate’. Typical vegetable oils used in soap making 
are palm oil, coconut oil, olive oil, and laurel oil (Philips, 2008). Each species offers quite 
different fatty acid content and hence, result on soap of distinct property and application. 
Stearic acid and oleic acid contribute respectively, to lathering and washing properties of the 
soaps (Kuntorn et al., 1996) The incorporation of oils rich in lauric and myristic acids is due 
to their high saponification values, while palmitic acid yields soap with high lipophilic 
tendency.  Coconut oil consist of about 70% saturated fat containing predominantly, medium 
chain triglycerides with rough 92% saturated fatty acids (lauric acid), 6% monounsaturated 
fatty acid (oleic acid) and 2% polyunsaturated fatty acid (Nakpong and Wootthikanokkhan, 
2010). Locally, coconut oil can be produced from the grinded coconut, and then washed with 
water and the mixture filtered (sieved). The resulting filtrate is boiled in a pot and the oil 
collected at the top.  

Remedial processes like filtration and bleaching of oil blend are usually employed for 
the removal of dark colour of soap, when vegetable matter is used locally as substitute for 
alkali (Onyango et al., 2014). Presence of other metallic ions in the ash extract remains 
inevitable, and results to decomposed soap.  in a study with eleven different blend of shea 
butter oil (SBO) and palm kernel oil (PKO); the 15:35 (SBO:PKO) blends gave best soap 
judging by total fatty matter (TFM). While the 14:6 blends gave a better soap than the former 
in terms of foam stability (Eke et al., 2004). The large disparity in both the saponification and 
iodine values of SBO and PKO affirmed the poorer nature of PKO as compared to shea butter 
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oil. When compared with groundnut oil; shea butter soap had the best lathering capacity, while 
the groundnut oil soap had the most effective cleansing power (Sani and Hassan 2007). 

When excess fatty acid and water exist in the lipid reactant, more alkali is needed to 
neutralize the free fatty acids to produce soap. The beef tallow has a constant water content of 
0.29 to 0.01 %. Its preparation for soap making consist of cleansing the fat from impurities 
(Sani and Hassan 2007). Oil with high saponification value such as coconut oil (257.0) and 
palm oil (191.1) are better used in soap making. Soap manufacturers blend their preferred oil 
with coconut oil to yield better quality soaps, due to its high saponification value. 
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Scheme 1: General chemical equation for saponification reaction and description of the soap molecule 

 
Although the soap production process portrayed in this work is common, the process 

is modified by applying mathematical and chemical formulations for maximum yield 
achievement. Various soap were prepared using three different blends of coconut oil and 
tallow with NaOH as the metal source.  Charcoal, which have gotten recognition as cheap 
adsorbent for dissolved gases in water purification process, could also to our assumption, 
provide surface for adsorption of volatiles responsible for offensive smell associated with 
tallow.  In this regard, the uniqueness, ease and effectiveness of the use of charcoal as a 
deodourizer for animal fat, which to the best of our knowledge is rare, was also described 
herein. It is believed that this work would proffer solutions to most lingering problems 
associated with soap making for sustainable development. We aimed to prove whether the 
blend of the two oils can improve on the desired properties of soap and, provide experimental 
evidence on the efficacy of wood charcoal as deodourizer.  The result of this research work 
will help in providing a more viable and cheaper route to soap production using mutton fats 
and coconut oil, as compared with other sources of fatty acids.  
MATERIAL AND METHOD 
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Lipids samples 
 

Triglyceride samples were obtained from various sources, and their morphology 
established in the biology department, Federal College of Education (Tech.), Gusau. Table 1 
gives the samples, their description and place obtained. 
  

Table 1:  Samples of oil used and their descriptions 
S/No. Sample Description Place obtained 
1 Tallow (animal) Milky white semi-solid Abattoir 
2 Coconut oil Light yellow liquid Gusau main market 

 
Apparatus and chemicals 
 

All glassware and other surfaces were thoroughly washed and dried in an oven at 120 
°C. Electric weighing balance or triple beam balance are used for all weighing, and standard 
mass/weight or volume units employed. All chemicals used are of analytical grade purchased 
from either M &B Ltd; England, BDH Ltd; England or Merck; Germany, and used as obtained.  
 
Deodourizing tallow and the preparation of soap 
 

Initially, the tallow was heated with local wood charcoal (in ratio of 1:2, 
charcoal:tallow) at   60 °C on a water bath with gentle stirring for 2 h, to remove associated 
odour and colourant impurities. It was then filtered while still hot via whatman filter paper. 
The resulting milky white tallow was then weighed appropriately, to the calculated mass for 
desired mix ratio in specific oil blend. 
An adaptation of Dunn (2010), is used for step-wise description of simple and generic 
saponification reaction procedure as follows. 
To produce 200 g of soap: 
Mass of oil required = mass of required soap (in Kg) x 0.65     (i) 
 

Therefore, mass of required oil = 0.13 Kg (130 g) 
For the blend of 1:1; tallow:coconut oil, we have: 
Mass of tallow = mass of coconut oil = 65 g  
From literature; saponification value (SV) of tallow and coconut oil are 197.0 (Leonardo et 
al., 2009) and 172.0 (Marina et al., 2009) respectively. 
Thus SVtallow (50%) = 1/2 × 197.0 = 98.5, 
And SVCoconutoil (50%) = 1/2 × 172.0 = 82.0 
 
Hence, SVMix = SVtallow (50%) + SVCoconut oil = 98.5 + 82.0 = 184.5    (ii) 
By standard, amount of caustic (in Kg) = Mass of oil required x Molar mass NaOH/SVM  (iii) 
 

Therefore; Amount of caustic = 0.13 × 40/184.5 = 0.028 Kg (i.e. mass of solute = 28 g) 
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From literature; ρNaOH = 1.3, [NaOH] = 35% (m/v) 
 
Then; mass of caustic solution = Amount of caustic/[NaOH]                (iv) 
    = 0.028/0.35 
    = 0.080 Kg (i.e. mass of caustic solution = 80 g) 
Therefore, Mass of solvent (H2O) = Mass of caustic solution – Mass of caustic (solute)  (v) 
This implies: Mass of solvent (H2O) = (0.080 – 0.028) Kg 
             = 0.052 Kg (i.e. mass of solvent = 52 g) 
The water (solvent) correction; as for the standard 26% of 0.2 Kg soap 
 
We have 0.26 × 0.2 Kg = 0.052 Kg (i.e. mass of H2O = 52 g)              (vi) 
 
Hence; Mass of solvent ≈ Total Mass of solvent = 52 g 
This implies volume of H2O required for production of 200 g soap = 52 mL. 
In summary, for the production of 200 g of soap; at 50:50 (tallow:coconut oil), the following 
are employed: 
130 g of oil mixture (65 g tallow and 65 g coconut oil), 
Mass NaOH = 28 g, 
Mass (volume) H2O = 52 g (52 mL), 
Working temperature = 60 °C. 

For the generic procedure described above, the oil mixture (130 g) in 250 mL beaker 
was heated on a water bath maintained at 60 °C and stirred gently for about 15 min. About 
half the volume of caustic solution was then added gently to the oil mixture.  The resulting 
slurry was intently checked with drops of phenolphthalein indicator for high alkalinity, before 
further addition of the caustic solution.  After complete addition of the aqueous alkali, the heat 
source was removed.  Heat generated enables the exothermic reaction to thrive with continues 
stirring.  After about 30 min, the temperature gradually dropped to about 40 °C. The saponified 
slurry was then poured into the mold and allowed to cool to room temperature, yielding the 
corresponding desired soap. 

The above generic procedure was followed accordingly, for the production of soap 
from the lipids blends (in the ratio 50:50, 80:20, and 20:80; tallow:coconut oil) with sodium 
hydroxide. 
 
Physicochemical analysis 
 

The methods reported by (Eke et al., 2004), are adapted in the preliminary 
physicochemical analysis of the different blends of soap produced. The washing, leathering, 
foam stability, percentage moisture, Hardness and the free alkali contents of the soaps 
produced were determined and result obtained extensively discussed.  
RESULT AND DISCUSSION 
 
Deodourizing tallow with wood charcoal 
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Tallow is the cheapest and most abundant source of stearic and oleic acids required in 

soap making. Most of the hitches involved in the use of tallow are in the removal of the 
offensive odour associated with animal fat. Common methods employed in alleviating such 
include the use of chemical perfumes and bleaching, both of which make the process more 
expensive. The use of the former improves the toxic nature of the soap (Scheinman, 1996), 
while the latter can affect the leathering and washing properties of the soap (Onyegbado et al., 
2002). Virgin coconut oil (VCO), is the name given to the highly therapeutic oil extracted by 
a wet process, directly from coconut milk under controlled temperature.  Other than the well 
know use of the oil in making soap and other agro-allied products, VCO possess antioxidant 
activities and have more beneficial effects than copra oil (dried kernel or meat of coconut), 
since it retains most of its beneficial components (Marina et al., 2009). Low level sanitary 
handling of the copra coupled with the drastic extraction and refining process, make the 
commercial coconut oil prone to aflatoxin contamination and oxidative rancidity (Guarte et al., 
1996).  Bioactive components in VCO promotes antioxidants and antidiabetic activities in 
human, by reducing total cholesterol, triglycerides, phospholipids, low density lipoprotein 
(LDL), and increases high density lipoprotein (HDL) cholesterol in serum and tissues 
compared to copra oil (Amro et al., 2018).  Moreover, administration of VCO can reduce lipid 
peroxidation content (Nevin and Rajamohan, 2006), and more significant antithrombotic effect 
over copra oil (Nevin and Rajamohan, 2006). 

 

The use of wood charcoal as an adsorbent is a common practice in water purification 
and other applications; as it has pores (Figure 1) capable of adsorbing dissolved or volatile 
gases from non-volatile insoluble substances (Cecen, 2011 and Lemley et al., 1995). Studies 
have been reported on understanding the kinetics of adsorption potential for all forms of 
charcoal, be it from animals or burning of plant matter (Mukherjee et al., 2007 and Foley et al., 
1997). 

Initial attempt in this work to use powdered wood charcoal, as typically employed 
with animal charcoal for decolourating liquids in the lab; yielded a tallow with dark particles 
of charcoal dispersed in it. This made the tallow more offensive, and the trial soap produced 
unappealing. Although, the foul smell was observed to have reduced, particles of the powdered 
wood charcoal are too fine, and easily passed through the filter paper alongside the tallow 
(GCHFF Editor, 2011). However, subsequent use of solid, rigid and large wood charcoal 
initially rinsed with water and dried at room temperature; provided the desired result. The 
deodourized tallow solidified to yield pleasant, milky-white mass, deprived of any smell or 
dark particles. This indicated that fine surface area of dispersion cannot work with wood 
charcoal as deodourizer for tallow and affirmed that the large pores on the amorphous shape 
of wood charcoal (Lemley et al., 1995) are responsible for the adsorption of the volatile 
components liable for offensive smell of tallow. 
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Fig. 1: Morphology of wood charcoal showing (a) numerous pores that provide a large surface area for 
adsorption, and (b) wood-based powder activated carbon for drinking water treatment. (Both a and b are 
adopted from Lemley et al., 1995 and GCHFF Editor 2011, respectively) 
 
Saponification reaction and preliminary physicochemical analysis 
 

Several techniques are employed in soap making, most of which involves heat. Those 
still in use today include the kettle process, the continuous process and the cold and semi-
boiled process. The latter involves the placing the fat in the kettle and alkali (sodium 
hydroxide) added as the mixture is stirred and heated but not boiled. The mass saponified in 
the kettle, and poured from into frames, where it solidifies. Because these methods are 
technically simple and involve very little investment on machinery; they tend to be suitable 
for small cottage factories. Consumers not only use soaps as surfactants for washing, bathing, 
and cleaning, but also in textile spinning, animal feeds and are important components of 
lubricants (Kuntorn et al.,1996). The alkaline solution which is often called “lye” (through the 
term “lye soap” refers almost exclusively to soap made with sodium hydroxide), bring as about 
a chemical reaction known as saponification (Scheme 1).  The choice of alkali to be used 
depends on the nature of soap intended, for instance NaOH is used for solid or bar soaps, while 
KOH is used for liquid soap (Shoge, 2011). 

Common activities in soap production include: boiling, salting, strong change, 
pitching, splitting, mixing, cooking and finishing. For laundry soap, the soap mass is cooled 
in frames or cooling presses, cut to size, and stamped. The soap mass can also be extruded to 
give soap flakes. In production of toilet soap, additives like perfumes and colours are added to 
mass, then cooled and solidified. The direct solidified soap is homogenized (often by milling 
or crushing) in stages to produce various degrees of fitness (Wilcox, 2000). Air can be 
introduced under pressure into the warm soap mass as it leaves the calcium dire to produce a 
floating soap. Medicated soaps are usually toilet soaps with special additive - chlorinated 
phenol, xylenol, and their derivatives - added to fuse a deodorant and disinfectant effect. 

Generally, in the saponification reaction, the triglyceride first got hydrolyzed into fatty 
acid; which then combine with the alkali to produce crude soap (a combination of various 
metal alkanoates, excess fat or alkali and water), and liberated glycerine. The glycerine which 
is a useful by-product can remain in the soap product as a softening agent or be isolated for 
other uses.  
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A phenomenal achievement in this work is the efficiency of using local charcoal to 
remove the odour from tallow.  It is worthy to note that weather factor affects the production 
of soap; due to the huddles experienced with hot filtration of the deodourized tallow during 
cold weather. Cold weather easily freezes the tallow and makes it difficult to pass through the 
filter paper. Such difficulty was not observed when the process was conducted in the hot 
weather.   
 

Table 2: Preliminary physicochemical analysis of soap immediately after production 
 

S/N Blend Tallow: Coconut oil  Foam stability  Moisture (%)  Hardness Free Alkali   
1 80:20 2.00 8.20 2 Nill 
2 50:50 1.35 12.30 3 Nill 
3 20:80 3.00 10.10 4 Nill 

 
The method of (Eke et al., 2004) was adapted in conducting the physicochemical 

analysis of the soaps, and the results obtained are presented in Table 2. Soap from two of the 
blends i.e. 80:20 and the 50:50 were almost the same in appearance but differs in texture. The 
highest foam stability observed with blend 20:80 (entry 3; Table 2) would not be unrelated 
with presence of lauric and myristic acids contents. This goes along with the high 
saponification value of coconut oil (Veronica et al., 2011; Sani and Hassan, 2007). We can 
also designate that the closeness in the foam stability of blend 80:20 when compared with 
20:80 (entry 1 and 3 respectively; Table 2) is due to high content of palmitic acid in tallow.  
The hydrophobic but lipophilic alkyl chain would create a partially water-soluble foam, that 
can remain stable and can easily solvate non-polar hydrophobic oil or dirt in washing. Less 
percentage moisture exhibited by blend 80:20 (entry 1; Table 2), is a great advantage as it 
confirmed that all saponification reactions have been completed, and the soap is free of 
unreacted caustic.   

 
Free caustic alkali is one of the parameters that determined the abrasiveness of any 

given soap resulting from improper or incomplete saponification. This study showed that the 
free caustic alkalinity of all the analyzed soap samples was below the Kenya bureau of 
standards set limits (Kenya Bureau of Standards, 2014).  Hence, the amount of free caustic 
alkalinity in the analyzed soap samples can purse no adverse effect on cloth or skin. High 
moisture content in soap could also lead to bye-reaction of excess water with un-saponified fat 
to yield free fatty acid and glycerol in a process called hydrolysis of soap on storage (Osuji et 
al., 2013).  This makes moisture content a parameter used in assessing the shelf life of a 
product. It is worthy to note that, all the soaps from three blends fell below the limits (10 - 15 
%) stipulated in the encyclopedia of industrial chemical analysis (Kieffer, 1972) and lower 
than those reported by (Ogunsuyi and Akinnawo 2012). The highest hardness observed with 
blend 20:80 (entry 3; Table 2), is assumed to be due to long alkyl side chain in predominantly 
saturated fatty acids in coconut oil (Onyeike and Acheru, 2002). This gives the soap rigidity 
and hardness, making it and its foam less soluble in water.   
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CONCLUSION 
 

Soap can efficiently be prepared using various blends of tallow (animal fat) and 
coconut oil with aqueous sodium hydroxide through semi-hot method. Efficiency of wood 
charcoal as deodourizer of offensive smell in tallow is also established. Likewise, some of 
their physiochemical properties were tested and compared. The results obtained showed that 
the soaps produced are almost like that of conventional soaps.  
 
RECOMMENDATION 
 

Based on the nature of soaps produced and the discussion on their analyzed 
physiochemical properties; it is believed that the quality of commercial soaps could be 
improved, to attain the maximum standard if the following recommendations are to be 
considered: 
- Soap should be produced by mixing two or more different oils i.e. the oil with higher 

saponification value should be mix with the one with low saponification values. 
- Cheap, effective and environmentally benign use of charcoal as deodourizer of tallow 

should be harnessed in soap industry. 
- Raw materials used in production of soap should be periodically checked to ensure their 

quality.                 
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