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ABSTRACT 
The purpose of this study was to assess the properties of liquid soap made from avocado oil and a natural foaming 
agent derived from the lerak fruit (Sapindus rarak). Saponification of avocado oil was carried out by mixing 100 g of 
avocado oil at various concentrations of KOH (20; 25; 30; 35 and 40 % w/w) at a temperature of 70 - 75°C for 2 hours. 
Then coffee extract and soaked lerak fruits were added, each as a fragrance and foaming agent. The parameters to 
examine the quality of the liquid soap included density, viscosity, free alkali, pH, and organoleptic. The results showed 
that KOH concentration affected the viscosity of the soap produced. Density, free alkali, and pH showed no significant 
difference to the changes in KOH concentration. The results of the organoleptic test pointed out that the product had 
good quality and was strongly acceptable at 30% KOH concentration. The values of density, viscosity, free alkali, and 
pH under these conditions were 1.018 gr/mL, and 0.866 kg/m.s, 0.1041% and 11 respectively. Above all, the 
characteristics of the product complied with the Indonesian National Standards No. 40-4058-1996.  
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INTRODUCTION 
Soap is an alkaline carboxylate salt produced from the saponification process which generally involves 
potassium or sodium hydroxide. Today, the production of liquid soap still uses synthetic ingredients as its 
active ingredients including sodium lauryl sulfate (SLS), diethanolamine (DEA), triethanolamine (TEA), 
and triclosan which have negative effects on the environment and health.1 The use of SLS, for example, is 
reported to be irritating to the skin if it exceeds the recommended concentration.2 In recent years, interest 
in identifying alternatives to synthetic ingredients in the food, pharmaceutical, and cosmetic industries has 
increased. Such interest is also supported by consumers’ concerns over the safety of products containing 
synthetic chemicals, which are believed to bring about negative health effects.3,4 Currently, more liquid 
soap is being produced because it is more practical and more efficient to use than other types of soap. Along 
with increasing awareness about the negative impacts of synthetic chemicals and the importance of natural 
ingredients in soap, especially facial soap, research on natural substitutes, such as avocado oil, keeps 
growing. Avocado oil is widely used in cosmetic products as a moisturizer as well as in soap making.5 This 
fruit has been recognized for its health benefits, mainly due to the presence of compounds in the lipid 
fraction, such as omega fatty acids, phytosterols, tocopherols, and squalene.6 The advantage of avocado oil 
is that contains less saturated acid and has almost the same biochemical content as olive oil.7 Avocado oil 
has a fat content of about 1-1.5% consisting of oleic acid (57.44%), myristic acid (0.06%), stearic acid 
(1.45%), and linoleic acid (about 6.3-11.3%).8 In biorefinery, avocado processing is an attractive 
opportunity for integrated fruit processing into a series of valuable products.9 Several studies added natural 
extracts such as lemon10, rose11, lemongrass12,13, betel leaf14,15, and coffee16 into liquid soap. Research on 
the use of natural ingredients as fragrances from various oil materials continues to attract many researchers. 
In this study, Arabica coffee extract was used as a fragrance in soap from avocado oil because it has anti-
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bacterial properties and good benefits for skin health. Coffee beans contain 0.70% caffeine, 40% fatty acids, 
and 1.9% sugar content.17 Coffee also contains granules that are good for removing dead skin cells and 
antioxidants that can protect cells from the harmful effects of free radicals.18 Soapmaking using natural 
ingredients also requires foaming, as foam is among the properties consumers look for in soap. One of the 
natural foaming agents is lerak fruit (Sapindus rarak). Traditionally, lerak had been used by local people 
for cleaning and washing, long before synthetic soap products were invented.19 Lerak fruit can also be used 
as a facial cleanser to control acne.20 Lerak fruit is one of the natural ingredients whose main active 
substance are saponins, which can produce foam. In addition, lerak fruit also contains flavonoids, alkaloids, 
and polyphenols which have antibacterial effects.21 Therefore, the use of lerak fruit as an alternative 
foaming agent requires needs to be developed.22 This study was conducted to evaluate the characteristics 
of facial soap from avocado oil with coffee aroma and lerak fruit foaming at various concentrations of KOH 
as a saponification agent. 

EXPERIMENTAL 
100 grams of avocado oil was heated to 40ºC, then KOH with various concentrations of 20, 25, 30, 35, and 
40% was added while stirring. Heating went on to a temperature of 70-75ºC on a hot plate for ± 2 hours to 
form a soap paste, then 15 ml of distilled water and 15 ml of glycerin were added to the paste. Next, the 
glycerol layer formed at the bottom was separated using a separating funnel. Then, 15 ml of coffee extract 
and 10 ml of lerak fruit soak were added and stirred for ± 1.5 hours. The coffee extract was produced from 
100 grams of ground coffee in 150 ml, while the lerak fruit soak was obtained by mixing 8 lerak fruits (7.6 
grams) into 70 ml of water and soaking them for 1 day. The quality of liquid soap was evaluated for its 
characteristics through pH, free alkali, viscosity, homogeneity, total plate count, and organoleptic tests. 
 

RESULTS AND DISCUSSION 
Effect of KOH Concentration on pH, Viscosity, Density, and Free Alkali Content of Liquid Soap 
Table-1 shows that at KOH concentrations of 20, 25, 30, 35, and 40%, the pH of the resulting liquid soap 
ranged from 10 to 11, and this result was greater than that of Calamansi-scented liquid soap.23 The pH value 
is one of the important indicators of soap because pH determines the suitability and safety of liquid soap 
for use. All tested preparations of liquid soap met the SNI standard for soap pH, namely 8-11. This pH 
value indicates that the liquid soap product was alkaline because the constituent material for the liquid soap 
is KOH which is strongly alkaline. Several factors affect the soap pH including an increase in the water 
ratio. Very high or low pH can increase skin absorption, resulting in irritation and dry skin.24 Soaps with a 
high pH can increase the growth of Propionibacterium bacteria and dry out the skin because soap with a 
high pH can swell the keratin cells, making it easier for bacteria to penetrate which causes the skin to 
become dry and cracked. Meanwhile, soap with a pH that is too low can cause skin irritation.25 Since the 
application of liquid soap involves direct contact of the soap with the skin, soap products with a pH that 
does not match the skin pH can cause problems. 
 

Table-1: Effect of KOH Concentration on pH, Viscosity, Density, and Free Alkali Content of Liquid Soap 
KOH concentration (%) pH Viscocity (𝑐𝑝)  Density (gr/mL) Free Alkali Content ( %) 

20 11 0.712 1.042 0.1456 
25 10 0.825 1.026 0.1411 
30 11 0.866 1.018 0.1041 
35 11 0.951 1.05 0.1153 
40 10 1.118 1.078 0.112 

 

Table-1 also shows the effect of KOH concentration on the density of liquid soap. The produced liquid soap 
had a density value of 1.018 – 1.078 (gr/mL), smaller than the density value of soap from kapok shells.26 
The higher the KOH concentration, the higher the soap density value was. However, at 25% and 30% KOH 
concentrations, the density decreased. Due to the influence of reaction temperature, the density of soap 
increased as the temperature of the saponification reaction increased. This was because the H2O particles 
began to evaporate, which caused the water content in the soap to decrease so that the soap thickened.27 
The value of density or specific gravity can also be affected by the concentration of alkali and the type of 
raw material.28 Different KOH concentrations affected the viscosity value, as can be seen in Table-1. If the 
molar mass of KOH is higher, the amount of alkali used is also more so that the chance of collisions and 
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reactants that affect the viscosity becomes greater. The higher the concentration of KOH, the greater the 
resulting viscosity was. The viscosity of the soap produced in this study was lower than that of the 
Calamansi-scented soap from used cooking oil.23 There is no best standard for the viscosity of liquid soap 
products because it all depends on consumer acceptance. Standardization Bodies generally do not specify 
the viscosity values for liquid soap. Storage can also cause the viscosity of the soap product to decrease, 
and changes in density can occur when a material is dissolved in water and forms a solution.29 The free 
alkali content indicates the amount of alkali that can be neutralized by acid. The presence of a complete 
reaction between fatty acids and alkalis indicates that there is no residue after the reaction. Table-1 shows 
that the liquid soap produced in this study had free alkali values ranging from 0.10% - 0.14%. The maximum 
level of free alkaline liquid soap according to SNI is 0.14%30 so the liquid soap produced in this study was 
still within the threshold. As shown in Fig.-4, the higher the concentration of KOH, the higher the free alkali 
value is, due to the perfect saponification reaction, where KOH binds to the oil phase well. However, if the 
KOH does not bind perfectly, free alkali will be formed due to the excess amount of KOH or due to 
imperfect mixing.31 The low free alkali content is possible because the fatty acids react more with the base 
as the saponification time increases so the free alkali content decreases. High free alkali content can cause 
dry skin and irritation because alkali has a severe effect.32 The free alkali content is usually in line with the 
pH value. The higher the pH value, the higher the free alkali content will be, but the free alkali content of 
the soap product in this study complied with the SNI standard.  
 

Effect of KOH Concentration on Liquid Soap Homogeneity 
Homogeneity is one of the important factors to determine the quality of samples which aims to see the 
presence or absence of granules in liquid soap preparations. 
 

Table-2: Results of Homogeneity Test on Liquid Soap 
No KOH Concentration (%) Homogeneity 
1. 20 Homogeneous 
2. 25 Homogeneous 
3. 30 Homogeneous 
4. 35 Homogeneous 
5. 40 Homogeneous 

 

As shown in Table-2, homogeneity tests on the liquid soap with KOH concentrations of 20, 25, 30, 35, and 
40 showed they were homogeneous without any grains in the samples observed. In general, liquid soap 
retains a homogeneous composition for several weeks of storage.33 The homogeneity test was carried out 
to ensure all ingredients in liquid soap were completely dissolved and no lumps formed in the product.34 
The results of the homogeneity test showed that the produced soap had met the homogeneity requirements 
and there were no lumps or unmixed parts. The color distribution was even, and no coarse grain was on the 
inside or the surface of the liquid soap. 
 

Results of Organoleptic Test 
An organoleptic or preference test was carried out through a physical assessment which included its aroma, 
sense of cleanliness and non-slippery after use, and foam stability of the soap. The organoleptic test was 
carried out by 30 panelists to rate the produced soap with a rating scale of 1-4. The results obtained were 
then averaged by the hedonic test using the equation: 
 

The Average Quality Value x 
∑௫௜

௡
  

Where x = average quality scores 
  xi = value of organoleptic quality testing; panels i 
   n = number of panels 
 

Figure-1 shows the results of the organoleptic test for the liquid soap aroma. The panelists liked the smell 
of soap with a 20% KOH concentration, with a hedonic value of 3.3. There was a slight increase in the 
hedonic value at 25% and 30% KOH concentrations, but at higher KOH concentrations (35% and 40%), 
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the hedonic value decreased, which was probably due to the excessive amount of alkali in the soap 
producing aroma that the panelists did not like.  
 

 
 
 
 
 
 
 
 
 
  

Fig.-1: Results of Organoleptic Test for Soap Aroma 
Note: 1= somewhat dislike, 2 = quite like, 3 = like, 4 = strongly like 

 

 
Fig.-2: Results of Organoleptic Test for a Sense of Cleanliness After use  

1= somewhat dislike, 2 = quite like, 3 = like, 4 = strongly like 
 

Figure-2 shows the relationship between the KOH concentration and the cleansing efficacy of liquid soap. 
By cleansing efficacy, we mean a clean, non-slippery, or oily feeling on the skin after use. The differences 
in KOH concentrations only slightly affected the panelists’ preference for the soap cleansing efficacy. At 
20% and 25% KOH concentrations, the cleansing efficacy values were 3.4 and 3.3 respectively. At 30% 
KOH concentration, the value increased to 3.7, which shows that the panelists strongly liked the cleansing 
efficacy of liquid soap with that KOH concentration. This indicates that the cleansing efficacy value is 
affected by the presence of free alkali, as also shown in a previous study.35 

 

                    

Fig.-3: Results of Organoleptic Test for Foam Stability 
           Note:  1= unstable, 2 = somewhat stable, 3 = stable, 4 = very stable 

 

Foam is one of the important parameters in determining the quality of soap. In use, the foam plays a role in 
the cleansing process and leaves a soapy fragrance on the skin. As shown in Fig.-3, there was no significant 
change in the panelists’ preference for foam stability, and the hedonic values ranged from 3.1 to 3.5. This 
was because all the soap formulas had the same composition so they produced almost the same soap foam. 
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The not-too-high hedonic value was probably because this study used a natural foaming agent from the 
lerak fruits. These fruits contain saponins which can produce foam in soap.36 In addition, the amount of 
foam in soap is also influenced by the concentration of alkali, the length of the fatty acid chain, and the 
surfactant.37 
 

Total Plate Count (TPC) 
The SNI sets the allowed amount of microbial contamination in liquid bath soap to 105 colonies/gram. The 
results of the TPC test on liquid soap from day 1 to day 7 are presented in Table-3. The results showed that 
in general, the product met the specified requirements. Table-2 shows that during the first three days, there 
was no microbial growth. In other words, the soap was free from microbial contamination. Meanwhile, on 
day 5, liquid soap with 40% KOH concentration experienced bacterial growth of 1 x 105 colonies/gram. On 
the 7th day, all samples experienced bacterial growth, where the samples with 20, 25, 30, and 35% KOH 
concentration had 1 x 105 colonies/gram, while that with 40% concentration had 3 x 105 colonies/gram. 
Therefore, liquid soap with KOH concentrations of 20, 25, 30, and 35% can still be used until the 7th day, 
while soap with 40% KOH concentration can only be used until the 6th day. The liquid bath soap formula 
in this study contained active substances that can inhibit the growth of microorganisms, namely the active 
compounds in the coffee extract which are thought to be able to inhibit bacterial growth so that they have 
an antibacterial effect and help reduce microbial contamination. Tannin and flavonoid compounds in coffee 
can inhibit the work of enzymes and interfere with the formation of cell walls so that bacterial cell growth 
is inhibited.38 

Table-3: Total Plate Count of Liquid Soap on Various Treatments 
Sample Days-/(colony/gr) 

1 2 3 5 7 
1 (20%) 0 0 0 0 1x105 

2 (25%) 0 0 0 0 1x105 

3 (30%) 0 0 0 0 1x105 
4 (35%) 0 0 0 0 1x105 
5 (40%) 0 0 0 3x105 3x105 

 

CONCLUSION 
Different KOH concentrations in liquid soap from avocado oil had a significant effect on the product 
viscosity, while their effects on the soap density, free alkali, and pH were minor. The homogeneity of the 
soap produced was quite good for any given KOH concentration. The organoleptic test showed that liquid 
soap with coffee extract had an average aroma value of 3 for all five concentrations, categorized as 
acceptable. The panelists preferred liquid soap with a 30% KOH concentration. The characteristics of the 
liquid soap produced complied with the Indonesian National Standard. 
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