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bars with desirable properties. Comparative analysis reveals that WCO
appears darker, with higher free fatty acid content (4.00%) and slightly
increased viscosity (79.13 cP) compared to new cooking oil. The study
Waste cooking oil, soap production,  highlights the significant impact of NaOH concentration on soap
saponification, free fatty acid (FFA),  consistency, where 10% NaOH concentration (sample BS3) has
foam stability, sustainable synthesis  achieved the most stable foam formation. BS3 has no appearance of a
gel phase upon cutting and shows 1.78% moisture content. This
research emphasizes the utilization of waste cooking oil as a valuable
resource for soap production, contributing to waste reduction and
supporting sustainable practices within the circular economy
framework.
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1. Introduction

Palm oil is a widely used cooking oil that comes from the oil palm tree. It is used in many products, from food to
personal care items to industrial by-products, because of its low price and high yield [1-4]. However,
deforestation, habitat deterioration, and environmental contamination are significant ecological consequences of
palm oil production and consumption. Malaysia is one of the world's leading producers and exporters of palm oil.
It can produce a significant surplus of waste cooking oil (WCO), which primarily comes from the food service
industry.

In Malaysia, approximately 30,000 tons of WCO are produced, highlighting the substantial quantity of used oil
created from food preparation and cooking throughout the country [5]. Inadequate WCO management could
exacerbate environmental issues and endanger human health. Thus, WCO generation must be reduced and waste
management improved by strategic planning. As a step towards the use of sustainable resources and
environmental preservation, soap production is a proactive measure for WCO management [6-7].

Soap fabrication requires the transformation of WCO into useful goods. The composition of WCO varies
significantly based on the duration of frying and the type of food being cooked, which will affect the free fatty acid
(FFA) and peroxide values. However, few studies have established standardized pretreatment procedures, such
as filtration, neutralization, or bleaching treatment, which control these variations [8-9]. In this complex
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procedure, triglycerides, which are rich in oils and fats, are expertly combined with an alkaline substance to cause
the chemical reaction known as saponification [6], [10-11].

In a process called saponification, lye solution combines with a mixture of oils to produce soap [12]. This
saponification process is complete once the soap has been cured for at least 4 weeks. Saponification takes place
when triglycerides are mixed with an alkaline, resulting in the formation of metal salts from fatty acid [12]. High
levels of FFA in waste cooking oil led to increased alkali consumption during the saponification process, which
resulted in inconsistencies in soap hardness and residual oil content [13].

The reaction involves breaking the ester bonds in triglycerides. Glycerin and soap molecules (carboxylate
salts) are the products of this saponification process. The amount of sodium hydroxide (NaOH) can be influenced
by the completeness of the reaction and the quality of the soap produced. This can be supported by the Azme et
al. (2023) study, where the required amount of NaOH is determined by the saponification value of the oil used,
which shows the quantity of alkali needed to fully convert the fat into soap [6]. Insufficient NaOH in soap
formulation can lead to unreacted oil, which results in greasy soap. While an excess of NaOH may cause high
alkalinity, which leads to skin irritation [14].

In general, soap can be manufactured using either a hot process method or a cold process method [15]. Soaps
made from NaOH are used for bar soap, while potassium hydroxide (KOH) is suitable for making liquid soap [16].
The advantage of cold processed method is that it is free from synthetic or harsh ingredients [12]. This method
entails allowing the ingredients to react at room temperature, which results in a soap that is typically more
hydrating and milder. It also gives greater control over the materials and the product due to the ability to
incorporate value added compounds [17-18].

Concentration of NaOH solutions is essential in the saponification process. Higher concentrations of NaOH
generally increase the saponification rate and conversion efficiency. For example, a study on soap stock processing
revealed that a 45% NaOH solution is ideal for achieving high yields and quality in fatty acids [19]. Additionally,
higher concentrations of NaOH can create a more alkaline environment, which may improve foam stability by
lowering the surface tension of the soap solution. [20]. By optimizing NaOH concentration along with other
reaction rates, conversion efficiency and product quality can be maximized.

However, in previous studies, there were fewer findings on optimized NaOH concentrations in formulations
for soap production. Therefore, the aim of the study was to investigate the method applied by the cold process to
synthesize a range of WCO bar soaps. Diverse NaOH concentrations were investigated for their impact on the
synthesis procedure. The physiochemistry of the WCO and produced samples was analyzed, including viscosity
measurement, free fatty acid analysis, moisture content, color observation, and Fourier Transform Infrared
Spectroscopy (FTIR). The bar soap performance will be evaluated based on the stability of its foam.

2. Experimental Method

2.1 Chemicals and Reagents

Analytical standard chemicals and reagents such as sodium hydroxide (NaOH, Merck), isopropanol (70%, Sigma-
Aldrich), and the filtered WCO were collected from Wajan Caterer Sdn. Bhd. For comparison, new cooking oil (NCO)
from a similar brand (Buruh) was used.

2.2 Analysis of Constituent of Waste Cooking Oil

2.2.1 Determination of Free Fatty Acid (FFA) and Acid Value (AV)

The oil was tested for FFA using the American Oil Chemists' Society (AOCS-CA 5a-40) method [21-22]. The oil
sample weighed 5 grams and was treated with 50 mL of neutralized isopropanol in a dry conical flask. Following
this, 500 mL of a 1% phenolphthalein indicator was added to the mixture, which was then heated on a hot plate
until it reached a temperature of 40°C. The mixture was then titrated with NaOH solution (0.1 M) for at least 30
seconds or until it turns into a pink color. The free fatty acid was determined by using Eq. (1):

25,6 X N XV
FFA% = —w (1)

In this context, V represents the volume of NaOH in mL, N denotes the normality of the NaOH standard, W
indicates the weight of samples in grams, and 25.6 serves as both the formula for determining free fatty acid
content and the equivalence factor for palmitic acid, which is the predominant fatty acid in palm oil.

The acid value was determined using the Eq. (2) as follows:
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AV = FFA% % 2.19 (2)
where FFA is the value of free fatty acid and 2.19 is the conversion factor for palmitic acid.

2.2.2 Determination of Viscosity

Viscosity of oil was determined by using the Brookfield model DV-I (USA) equipped with the LV-2 (62) spindle. At
ambient temperature, the cooking oil was stirred for 1 minute at a speed of 100 rpm. Then, the spindle was rotated
in the oil until the reading on the meter monitor was stable. The substance is placed in the viscometer, and its
resistance to flow is measured in centipoise (cP).

2.2.3 Color Observation

The color of WCO and NCO was compared to find any differences between the two cooking oils. The visual
assessment was conducted by pouring 1 L of each oil sample into a beaker for observation. The waste cooking oil
samples were filtered before use, whereas the new cooking oil was utilized in its original state.

2.2.4 Soap Preparation

Producing soap from waste cooking oil by experimenting with different weight ratios of sodium hydroxide (NaOH),
water, and waste cooking oil [3]. The percentage of NaOH varied from 5%, 7%, 10%, 13%, and 15% of the total
water and waste cooking oil. The process involved mixing all the ingredients in a container until the batter became
homogenous. Then the mixture was placed in a mold and cured for 6 weeks at room temperature. The properties
of the resulting soap were evaluated, and the study aimed to find the best ratio of ingredients and conditions for
sustainable soap production.

2.3 Characterization of Soap

2.3.1 Determination of Moisture Content

The moisture content of soap samples was determined using the official AOCS Db 1- 48 method. Approximately 5
g of the soap sample was placed into a tared moisture dish, which had been dried for 1 hour at 105°C * 2 and then
cooled to room temperature in a desiccator. The samples maintained a constant weight or lost no more than 0.1%
after 1 hour of heating. The following Eq. (3) was utilized to compute the moisture content from the recorded data.

m—m
—m

m 0

Where, m,, represents the dish's mass in grams, m, represents the dish and the test part before heating,
and m, represents the dish and the test portion after heating.

2.3.2 Foaming Ability Measurement

A 0.2 g portion of each soap sample was placed into a 100 mL measuring cylinder containing 10 mL of distilled
water, and the mixture was shaken vigorously to generate foam. After shaking, the cylinder was allowed to stand
for about 10 minutes, and the height of the foam was then measured and recorded. The observation took place
over a 10 hour period, and the measurement was taken at 2 hour intervals. The measurement was calculated using
Eq. (4) as described in detail by Abdul Rahman et al. [12].

. cability () = foam volume after % 100 4
foaming stability (%) = - = sample volume W

3. Results and Discussion

3.1.1 Analysis of Physicochemical Properties for Cooking Oils

The experimental outcomes for determining the physicochemical properties of the cooking oils through the
examination of free fatty acid, acid value, viscosity, and color are detailed in Table 1. The percentage value of free
fatty acids in NCO was higher compared to WCO. Specifically, the free fatty acid percentage in NCO is 1.54%, while
in WCO, it is 4.00%. WCO typically contains high levels of free fatty acid due to repeated use in frying, which can
lead to soap formation during transesterification processes [23]. This difference in free fatty acid percentage
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contributes to the noticeable difference in color between the two cooking oils, as seen in Fig. 1. NCO appears
yellow, while WCO turns darkish yellow due to repeated exposure to heat and oxidation.

In terms of viscosity, WCO shows a slight increase from 76.20 cP to 79.13 cP, likely due to the formation of
polymerized compounds and accumulation of impurities during the frying process. A similar finding shows that
the viscosity of palm oil increased after successive frying cycles, with the polymer formation identified as a
primary cause [24]. WCO undergoes oxidation, during which oxygen interacts with the unsaturated fatty acids in
the oil, which results in the formation of hydroperoxides [25]. The oxidation products can undergo
polymerization, leading to the formation of larger molecular weight compounds. This process significantly
increases the viscosity of the oil [25]. These changes highlight the chemical and physical alterations that occur in
cooking oil after repeated use.

Table 1 Characterization of cooking oil

Sample Color FFA% AV  Viscosity (cP)
New Cooking Oil (NCO) Yellow 1.54 11.6 76.20
Waste Cooking Oil (WCO) Darkish yellow 4.00 3.37 79.13

(b)
Fig. 1 Color observation: (a) New cooking oil; (b) Waste cooking oil

Fig. 2 displays the FTIR analysis for NCO and WCO. The figure indicates that NCO and WCO exhibited no
significant changes, as the materials utilized in the production of cooking oil are the same. The phase 1 area has a
pronounced C-H bond indicative of alkanes at a wavelength of 2922 cm™™. These peaks are characteristic of C-H
bonding in long-chain fatty acids and triglycerides, the principal constituents of cooking oils. In phase 2, the region
exhibits C=0 bonding at 1743 cm™, corresponding to the second peak in the spectrum of bonding modes with
significant intensity. A pronounced peak indicates a substantial presence of ester groups, aligning with
conventional oil chemistry as illustrated in Table 2.
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Fig. 2 FTIR observations for WCO and NCO
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Table 2 FTIR spectroscopic regions of cooking oils

Frequency Range (cm™!) Wavenumber (cm™!) Functional group Bond type Mode of vibrations
1700-1750 1743 C=0 (ester) C=0 Stretching
2843 -2936 2922 C-H (alkanes) CH, Stretching

3.1.2 Physicochemical Properties of the Prepared Soaps

Table 3 describes the comparison of the characteristics of the as-prepared soap. All samples underwent successful
saponification, resulting in their transformation into bar soap. The effect of the NaOH concentration on the color
and texture of soap has been determined. The first observation was the difference in outer color among the soap
samples; as NaOH concentration increased, the color of the as-prepared soap got whiter. At lower NaOH levels
(BS1 and BS2), the soap remains soft with higher moisture content, measuring 2.41% and 1.87%, respectively.
The gelling phase color at BS1 is darker than the outer layer, while BS2 shows nearly similar coloration between
layers. However, only BS3 has no appearance of a gel phase upon cutting. In contrast, other samples became
clearer when the NaOH was increased (refer to Fig. 3).

The gelling phase in soap production can be caused by several factors, such as the presence of glycerol and
the structural changes that occur during the soap making process. During the process, the structure of the
continuous phase can transition from a lamellar gel to a micellar aqueous solution with the addition of water. This
transition is important for the foaming activity and cleansing properties of the soap [26].

Table 3 Characteristic of the as-prepared soap

Sample NaOH (%) Gelling Phase Color Soap Texture Moisture content (%)
BS1 5 Darker than the outer layer Soft 2.41
BS2 7 Nearly similar Soft 1.87
BS3 10 Non-gelling Hard 1.78
BS4 13 Darker than the outer layer Harder 0.90
BS5 15 Darker than the outer layer Hardest 0.86

Further increases in NaOH to 13% (BS4) and 15% (BS5) result in even harder soap textures with moisture
levels dropping to 0.90% and 0.86%, respectively. This shows the concentration of NaOH can influence properties
of the soap and its moisture content. Higher NaOH concentration generally leads to increased conversion rates in
saponification reactions. Another study shows similar results in which soap produced using a high concentration
of NaOH (50%) resulted in a final product with a moisture content of about 8.5% [27]. This suggests that higher
concentrations of NaOH may result in soaps with relatively lower moisture content.

Fig. 4 shows the appearance of several lye pockets on sample BS5, which is the sample with the highest NaOH
presence. Lye pockets are areas within the soap where the lye has not fully reacted with the fats or oils. This
indicates that a localized concentration of alkaline substances occurred during the saponification process. During
saponification, thorough mixing is necessary for an even distribution of the lye throughout the fats and oils.
Inadequate mixing can create areas where the lye has not fully reacted, leading to the formation of lye pockets
[28]. Furthermore, the concentration of NaOH can affect the efficiency of this reaction, influencing the properties
of the soap, such as its lather formation [29].

(b)
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(o) (d)
(e)

Fig. 3 Soap bars prepared by various NaOH percentages: (a) 5%; (b) 7%; (c) 10%; (d) 13%; and (e) 15%

Fig. 4 Lye pocket appearance of BS5

Fig. 5 presents the foam stability of bar soap samples (BS1 to BS5) over a 10-hour period. Foam stability refers
to the ability of the soap to maintain its foam and is a measure of its performance. The vertical axis shows the foam
stability, and the horizontal axis shows the time in hours. The results indicated that the decline in foam stability
over time implies that the soap is unable to maintain the foam it produces. BS3 was the most stable in terms of
foam stability; BS2 and BS4 had zero foam stability by the 10th hour. The foam stability of all soap samples
decreased over the 10-hour period, with BS5 experiencing a drastic decrease from 2 to 4 hours. The difference in
NaOH concentration can be a factor of foam stability. This is because NaOH increases the viscosity of the foaming
solution, which in turn enhances foam density and stability [30]. Higher surface viscosity can enhance foam
stability by slowing down the flow of liquid from the foam films [31]. As an example, the higher sodium content in
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NaOH, compared to other sodium-based admixtures such as sodium chloride (NaCl) and sodium carbonate
(Na,C03), makes it more effective at achieving the desired foam density with a relatively lower dosage [32]. NaOH

plays a crucial role in enhancing and improving foam stability in various applications by increasing the viscosity
and density of the foaming solution.
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Fig. 5 Foam stability of as-prepared soap for a duration of 10 hours

4. Conclusion

A soap made from different concentrations of NaOH has been produced successfully from WCO in this study. The
physicochemical properties of five soap samples were evaluated by focusing on foaming ability and moisture
content. The result revealed that 10% NaOH concentration (sample BS3) has achieved the most stable foam
formation. This formulation not only exhibited excellent foaming properties but also resulted in a soap with a hard
texture, characterized by a moisture content of 1.78%, which presents an optimized solution for sustainable soap
production. The concentration of NaOH affects the efficiency of the reaction and influences soap properties of
other samples. This highlights that the ratio of NaOH is an important ingredient in the saponification process,
which can affect the final properties of soap. Careful selection of NaOH concentration can significantly influence

the characteristics of soap.
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