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Abstract

A green perspective based on the reuse of waste materials such as waste cooking oils (WCOs)
and Endod (Phytolacca dodecandra) to manufacture soap is presented. Soap is made by a
saponification process that uses an alkaline solution to react with triglycerides containing fats
and oils. This study aims to produce quality and eco-friendly viable soaps by using WCO and
Endod as raw materials in the manufacturing process. Laundry soaps were made by the
optimized blending ratio of WCO and Endod with sodium hydroxide solution. The cleansing
actions and Physico-chemical properties of prepared soap were evaluated. The non-fried and
fried raw oil soaps without Endod were used as a reference control. The free caustic content,
chloride content, moisture content, ethanol-insoluble-matter, total fatty matter, pH, and foam
height values of the prepared soap were found to be in the range of 0 to 0.004, 0%, 16.56 to
22.52%, 0.1 t03.05%, 63.41 to 75.46%, 9.22 to 9.82%, and 3.3 to 8.1 cm respectively. The
results obtained by blending fried WCOs and Endod were comparable to the Physico-chemical
properties of the Endod-free uncooked/fresh oil soap. The soap made by blending WCO and
Endod has higher cleansing power and better lather formation than the prepared soap with WCO
without Endod. Moreover, the observed data are comparable with similar data reported in
different literature, recommended acceptable standards (EAS, CES), and from many countries
including the British, Malaysia, and the Philippines. Cooking oils fried at different temperatures
do not have much effect on the quality of soap making. This suggested that the blending of
WCOs and Endod can be used as raw materials to prepare high-quality and economically

feasible soaps by replacing imported oils and fats.

Keywords: Laundry bar soap, Waste cooking oil, Endod (Phytolacca dodecandra),

saponification, physicochemical properties.
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1. Introduction
1.1. Background

A long time ago, people in Egypt and Babylon discovered a mixture of animal fats and alkaline
plant ash-made soap that lathered and cleaned effectively [1]. Recently, Soap is made by the
saponification process, in which fats and oils are treated with sodium hydroxide (NaOH) [2].
Soaps are cleansing agents (surfactants) [3] that comprise two distinct ends; a hydrocarbon part
that is hydrophobic and non-polar and can bind with oil or dirt, and a hydrophilic part that is
polar and soluble in water [4], used to clean and wash skin and clothing. Plant-source oils and
animal fats are used in almost all soap-making processes [5, 6]. The complete consumption of
oils and animal fats is expected to intensify the scarcity of raw materials in the soap industry.
Thus, continuous and sufficient supply may become difficult for the soap processing industry
soon, and also cause the high price of soaps that are occasionally added to society. These facts
made it urgent to search for alternative raw materials for soap making. Waste cooking oils
(WCOs) could be preferable in this regard [8, 9]. The blending of WCO and Endod for quality-

made soap was conducted in this study.

Waste cooking oil is deep frying oil (5 and above frying cycle) due to the process of immersing
food in hot oil at a temperature of 180 °C and above [10, 11]. It is generated by restaurants, fast
food outlets, street food vendors, industrial kitchens, catering establishments, snack food
factories, households, and food processing industries every day and everywhere around the world
[12]. Huge amounts of WCOs are discharged into the environment without proper treatment [13,
14], This leads to clogging and flooding of sewage systems, increases water and waste disposal
costs, and has undesirable effects on the overall environmental system [14]. The layer of oil
covering the surface of the water impedes the diffusion of oxygen, leading to mass mortality of
marine life [15]. The disposal of WCO also causes economic loss [16, 17]. Additionally, reusing
deep-fried oil (WCO) for consumption is harmful to human health [18], and causes; oxidative
stress, a hazardous risk of cancer, cardiovascular disease, heart disease, stroke, diabetes,
hypertension, and liver disease, in the body [19-21]. Therefore, proper collection and recycling
for other value-added products such as biodiesel, lubricants, biopolymers, and soap making [22—
24] will minimize environmental pollution, and human health diseases caused by WCO and a
very important option for expanding the finiteness of natural resources. It could be recommended

that the discarded WCO is used after purification and bleaching to decrease the free fatty



acid/acid value, peroxide value, and increase saponification value, and improve the flavor, the

color of oil [25, 26] for suitably made soaps.

The African soapberry plant, Phytolacca dodecandra (Phytolaccaceae), locally called (Endod in
Ambharic, Handoodee in Afan-Oromo, and Shibti in Tigrigna) produces a series of triterpenoid
saponins that possess very potent and useful biological properties including antifungal, anti-
bacteria, mosquito (Malaria) control, anti-protozoan, anti-snails which cause schistosomiasis,
spermicidal and insecticidal activities [27, 28]. The Fruits (berries) have been used for centuries
in Africa as soap for washing clothes. Endod has small berries which when dried, powdered, and
placed in water, yield a more powerful foaming detergent solution. It also has aromas mainly
dominated by aldehydes and ketones: benzaldehyde, 2-nonanone, and sulcatone, and has
essential oil with major compounds; phytoene, phytol, and palmitic acid [29]. In Ethiopia’s
favorable climatic conditions, the plant is a climber with drooping branches, grows very quickly,
and bears fruit twice a year (Figure 1). Although Endod is used as a soap for cleaning and
washing clothes, recently in Ethiopia not gotten attention, it is simply wasted, due to people's
preference for commercial soaps [30]. Improving the Endod recovery rate, with the cooperation
of citizens and effective collection programs, and changing it to a useful product (soap) is
fundamental. Therefore, by modernizing Endod, special attention should be paid to contributing

to the economic growth of the country.

Figure 1. Endod (Phytolacca dodecandra) plant



Thus, this study was initiated to use the optimized ratio of WCO and Endod for the production of
qualified and cost-effective laundry soap by treating WCO and Endod samples with sodium
hydroxide. The output of the study is expected to have three advantages; the first utilizes WCO
and Endod substitute for plant oils and animal fats for eco-friendly laundry soap production.
Secondly, it will be used as a disposal option or to avoid environmental and health problems
[31]. Thirdly, used for social benefits such as job creation, since it is easy to collect; the WCO
from food processing industries, street food vendors, restaurants, hotels, and households, and the
excess amount of Endod from any area of the country, and it will have a contribution to the
economic development of the societies.



1.2. Statement of the Problem

Complete consumption of plant oil and animal fat is expected to create a severe scarcity of raw
materials for soap industries [9]. Therefore, shortly, their continuous and sufficient supply may
be difficult for soap manufacturing industries and leads to improper soap prices will increase in
the community, harming the economy. This fact made looking for alternative raw materials for

soap production to be an urgent issue.

In most developing countries, including Ethiopia, WCOs are repetitively used for food frying
consumption until a very black color is performed (Figure 3c), then discharged to the
environment without any concern from users or worrying authorities. The repetitive usage of
fried WCOs (more than five frying cycles or from 180 °C and above) for food consumption
causes human health problems [10, 20], such as; oxidative stress, cancer, cardiovascular disease,
heart disease, stroke, diabetes, hypertension, and liver disease[18, 19]. The improper discarding
of WCOs pollutes the environment [13], causing blockage and overflow of sewage systems,
increasing the cost of water treatment and waste disposal [15] spoiling freshwater resources, and
degrading ecosystems [32]. The other, Endod is known to have been used to wash clothes in the
past in Ethiopia. But now society avoids Endod in favor of commercial soaps [30]. This is also a

huge waste of national resources without using it.

Therefore, this study aims to utilize WCO which causes environmental pollution and basic health
problems in the community, and to use the huge natural resources Endod and blended them for

soap production. So, this study answered the following questions;

v" What procedure was used for making laundry soap by blending WCO and Endod?

v How do determine the effectiveness of WCO and Endod available for making laundry
soaps?

v' What effects do observing cooking oil at different temperatures have on the quality of
soaps?

v" How do prepare high-quality and eco-friendly laundry soaps?

<

What are the parameters used to determine the physicochemical properties of the soaps?
v Is blending of WCO and Endod solve environmental and health problems associated with

the improper disposal of WCO, by converting it to useful products (soaps)?



1.3. Objective
1.3.1. General objective

The general objective of this study is: To produce laundry soaps that are technically and
economically feasible by using WCO and Endod as raw materials in the process of

manufacturing.

1.3.2. Specific objective

The specific objectives of this study are:

» To optimize the blending of WCO and Endod for making laundry soap

» To evaluate the effectiveness of WCO and Endod used in the production of laundry soaps
» To examine how varying frying oil temperatures affect the quality of laundry soaps

» To prepare high-quality and eco-friendly soap that can be used for laundry.
>

To analyze the Physico-chemical properties of the soap

1.4. Significance of the study

The significance of the study should be to respond to the expected severe shortage of plant oils
and animal fats, raw materials for the soap industry. Encourage traders to benefit from WCO
recycling and use Endod's natural resources instead of buying expensive raw materials such as
palm oil and animal fats imported from other countries. Regarding this, should be lowering the
price of soaps that are occasionally added to society. Communities benefit by collecting Endod
and oil, supplying factories, creating employment opportunities, and improving the economy of
the society. In the end, solves environmental and health problems associated with the improper
disposal of WCO, by converting it to useful products (soaps). In addition, it will be used as an

input material for those who want to make soap by blending WCO and Endod.



2. Review of related literature
2.1. Soaps

The discovery of soap dates back to about 6000 years ago. Around 2800 BC excavations in
ancient Babylon uncovered cylinders with inscriptions relating to soap making. As early as 1500
BC, ancient Egyptian records described how animal and vegetable oils were combined with
alkaline salts to make soap. According to Roman legend, "the soap's name comes from Mount
Sapo, where animals were sacrificed. The rain washed the sacrificial animal's fat into the Tiber
along with the alkaline wood ash from the sacrificial fire, where people found the mixture useful
for cleaning clothes [23]. This process of making soap has remained unchanged for centuries,
with American settlers collecting and boiling down animal tallow (coagulated fat) and turning it
into alkaline potash made from hardwood ash accumulated from winter fires. Similarly,
Europeans made Castilian soap from olive oil. From the mid-19th century, this process was
commercialized and the soap became widely available in local markets.

Recently, soaps are made by a saponification process (Scheme 2) in which alkaline solutions are
used to react with fats and oils containing triglycerides [2].

ﬁ o
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‘ ° H,C——OH S a
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HC @) C R T Naon HEe—OoH R"——C——O"Na
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Triglyceride Yy Carboxylate salt (soap)

Scheme 2. The saponification processes for soap preparation

A soap molecule consists of two parts: Polar groups (-COO'Na") and non-polar groups (R-
hydrocarbon part). The polar group is called the head and the non-polar group is called the tail.
The polar head is hydrophilic (water-loving) and the non-polar tail is hydrophobic (water-
fearing) and naturally binds oil/dirt [4]. The saponification reaction is exothermic because heat is
liberated during the process. Depending upon the nature of the alkali used in the production of
soap, the soaps are classified into two types (hard soap and soft soap). Hard soap is a sodium salt
of long-chain fatty acid. It is difficult to dissolve in water. It is used as laundry soap. Soft soap is
a potassium salt of long-chain fatty acid. It produces more lather. It is used as toilet soap and

shaving soap [6].



Laundry soap is a soap that is intended for use in washing clothes and fabrics. The Compulsory
Ethiopian Standard (CES 42:2013); East Africa Standard (EAS) specifies the chemical
requirements for three grades of laundry soaps (Table 1) [33] in the form of cakes or bars,
produced from vegetable or animal oils or a blend of all or parts of these materials. These are;
genuine (pure) (Grade 1), built (Grade 1), and filled (Grade I11) laundry soaps.

Table 1. EAS and CES chemical requirements for laundry soap

Requirements

Property Genuine (pure) Built Filled

Laundry soap Laundry soap Laundrysoap Method

(Grade I) (Grade 1) (Grade 111) of test

Total fatty matter content, %(m/m), min. 62.0 50.0 45.0 ISO 685
Rosin acids content, %(m/m) of the total 8.0 10.0 15.0 ES 190
fatty matter, max.
Ethanol-insoluble matter content 2.5 15.0 20.0 ISO 673
%(m/m), max.
Free caustic alkali content, as NaOH, 0.15 0.2 0.3 ISO 456
%(m/m), max.
The total free alkali content 0.2 0.3 ISO 684
Chloride content, as NaCl, %(m/m), 1.5 1.5 2.0 ISO 457
max.
Total free fat (Unsaponified and 1.0 1.0 1.0 ISO 1067
Unsaponifiable fatty matter) content,
%(m/m), max
Moisture and volatile matter content, 26.0 28.0 30.0 ISO 672
%(m/m), max.
pH of 1% solution (m/v), at 25 °c £ 2 °C 9-11 9-11 9-11 ISO 4316

Similarly, the recommended chemical requirements of grade-1/genuine laundry soap for a
variety of nations are listed (Table 2) [34].



Table 2. Chemical requirements of grade-1/genuine laundry soap for a variety of nations

Countries Method
Property Malaysia British  Philippines  of test

Total fatty matter content, %(m/m), min. 60 62 65 ISO 685
Rosin acids content, %(m/m) of the total fatty 8.0 7.5 8.0 ES 190
matter, max.
Ethanol-insoluble matter content %(m/m), max. 2.5 2.0 5.0 ISO 673
Free caustic alkali content, as NaOH, %(m/m), max. 0.15 0.05 0.5 ISO 456
The total free alkali content 0.2 0.25 0.2 ISO 684
Chloride content, as NaCl, %(m/m), max. 1.5 1.25 2.0 ISO 457
Total free fat (Unsaponified and Unsaponifiable 1.0 0.2 1.0 ISO 1067
fatty matter) content, %(m/m), max
Moisture and volatile matter content, %(m/m), max. 36.0 26.0 30.0 ISO 672
pH of 1% solution (m/v), at 25 °C £2 °C 9-11 9-11 9-11 ISO 4316

Free caustic alkali (FCA) is commonly expressed as sodium hydroxide (NaOH) for sodium soaps
and potassium hydroxide (KOH) for potassium soaps. Making ensuring there is no free or
excessive alkali is essential for producing high-quality soap. This implied that the manufactured
soaps won't irritate skin or deteriorate clothing [9]. Chloride content (CLC) is the amount of
sodium chloride or potassium chloride in commercial soaps and is measured as a percentage of
mass (rn/rn). Soaps fracture due to an overabundance of chloride. Moisture content (MC)
measures the quantity of water in soap and is used in determining the shelf-life of the soap.
Weight, density, viscosity, conductivity, and other physical characteristics of a substance are

affected by it. Typically, weight loss after drying is used to determine it.

Ethanol-insoluble matter (EIM) evaluates the degree of purity of any individual soap. It is the
measure of non-soap ingredients used in all soap formulations, including builders or fillers, such
as carbonates, chlorides, silicates, phosphates, and organic or inorganic matter that are poorly
soluble in 95% (V/V) ethanol [35]. Total fatty matter (TFM) is the water-insoluble fatty material
that is produced when the soap is decomposing with a mineral acid under the given
circumstances. Along with the fatty acids, this word also refers to unsaponifiable material,
glycerides, and any rosin acids present in the soap. Higher TFM proves that soaps do less harm

to the skin when washing clothes. In general, soaps with greater TFMs have better cleaning

8



power. Less TFM equates to very damaging soap, which dries out the skin by absorbing all of its
moisture. As dry skin gets worse, it becomes more vulnerable to skin deterioration, which leads
to infection and rashes [4]. The pH of an aqueous solution indicates how acidic or alkaline it is.

The pH value rises with increasing alkalinity and decreases with increasing acidity.

To evaluate the quality of laundry soap, there are also physical requirements (appearance,
texture, odor, coloring matter, stability, and toxicity) [36]. The appearance of laundry soap
should have free from visible dirt and other foreign matter. It should have a firm texture, good
lathering, and cleaning qualities. It should not leave an offensive odor on clothes after washing
and thoroughly rinsing with water. After washing and a thorough rinse with water, colored
laundry soap must not leave any stains that are visible on any safe white cloth. It does not
decompose even after being immersed in distilled water at 25°C to 30°C for 1 hour, and is stable
without crumbling, cracking, or splitting even after being dried at room temperature for 25 hours.
Products should not be harmful, should not irritate the skin during use or handling, should not

damage fabrics, and should be eco-friendly/safe or non-toxic.

Recently, Competitive uses of plant oils and animal fats for other purposes such as Biodiesel [37]
are expected to create a severe scarcity of raw materials for soap industries. Additionally, buying
expensive raw materials such as palm oil and animal fats imported from other countries causes a
shortage of foreign currency. Thus, a continuous and sufficient supply of them can quickly
become difficult for the soap manufacturing industry, which can lead to unfair soap prices in
society and can hurt the economy. To respond to this problem, studying alternative raw materials
for soap production is of major importance. Few pieces of research were done regarding the
preparation of laundry soaps from WCO [9]. Similarly, beef tallow and WCOs that are discarded
as waste from households and restaurants after frying was reviewed for the production of toilet
(bath) soap [23]. The cleaning actions and physicochemical properties were evaluated, using the
pH, moisture content, free caustic alkali, %chloride, and total alkali content. The results obtained
were compared with similar data reported in the literature and EAS suggesting that WCOs can be

used as raw materials to prepare good quality laundry soap by replacing imported palm oil.

In this research, the preparation of laundry soap was conducted using a blending of WCO and
Endod as a new study. The Physicochemical requirements of the soaps were determined, and are

highly qualified, effective, and have better cleansing powers. In this study Soap made by



blending WCO and Endod and treating it with sodium hydroxide (NaOH) also meet the

recommended standards and is efficient for soap industries if functions as intended.

2.2. Waste Cooking Qils

Waste cooking oil is the vegetable oil and animal fat that remains after frying food at high
temperatures (from 180 °C and above) [10]. WCO is considered part of Municipal Solid Waste
(MSW), synonymous with domestic waste in Italy. When cooking oil is used in the frying
process, it is exposed to a very high temperature with the presence of moisture and air. These
conditions lead to complex chemical reactions, including oxidation, hydrolysis, and
polymerization [18], resulting in a loss of quality and nutritional values of the oil, and various
harmful chemicals such as hydroperoxides, volatile compounds (low molecular weight alkanes,
ketones, aldehydes, and acids), free radicals, and fatty acid oligomers are generated [38]. WCO
(started from 5 fried cycles) the trans fatty acid formation begins [39], and used food preparation
causes human health problems such as; oxidative stress, a hazardous risk of cancer,

cardiovascular disease, heart disease, stroke, diabetes, hypertension, and liver diseases [19, 20].

The main source of WCO are; restaurants, fast food outlets, street food vendors, industrial
kitchens, catering establishments, snack food factories, households, fast-food restaurants, and
food processing industries every day and everywhere around the world [40]. WCQO's annual
global generation is 41-67 million tons [41]. Most of the poor developing countries' WCOs are
treated as wastes and disposed of into the environment without any concern by users or
concerning authorities [24]. This uncontrolled disposal causes negative environmental impacts as
well as economic loss [15, 16]. It needs awareness, attitude, and practices about the hazards to
environmental and human health, and engagement in WCO recycling management systems [14].
It entails any legal and practical measures employed in ensuring that WCO is handled in a

manner that it has not in one way or the other affected the environmental and human welfare.

Recently, the interest in converting WCO raw material to value-added products such as
biodiesel, soap, detergent, and cosmetics [23, 24] has grown exponentially to reduce its negative
impact on ecosystems. This study also utilizes the WCO for laundry soap production, and thus
contributes to controlling environmental and health problems, and solves the scarcity of raw
materials for soap industries that are imported from other countries. To evaluate the

compositional quality of oils, the Physico-chemical Properties such as specific gravity, viscosity,
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saponification value (SV), iodine value (IV), free fatty acid, acidic value (AC), and peroxide
value (PV) were studied. RHCO converts the oil into a darker color, emits a bad odor, increases
viscosity and AV [39, 42], lowers IV and specific gravity [43, 44], and higher PV and decreases
SV [45].

Specific gravity is an important property that affected heat transfer by natural convection. The
specific gravities of oils are different due to their different structural compositions. The reduction
in specific gravity is due to the breakdown of the oil’s structure, consequently reducing the
density of the oil as the frying cycle and temperature increase. Viscosity measures physical
changes; it depends on the specific gravity, molecular weight, temperature, and degree of
unsaturation. The increase in viscosity with temperature is likely due to the saturation of the
triglyceride chain by the process of hydrogenation, and due to the polymerization of the oil and
formation of dimmer. PV is a useful indicator of the extent of oxidation the oil has suffered. SV
is the quantity of mg of KOH or NaOH required by lysing 1 g of the oil. It is an index of the
molecular weights of triglycerides in the oil. It is inversely proportional to the average molecular
weight or chain length of the fatty acids, the shorter the chain length, the higher the SV, and the
higher the chain length or the lower number of ester bonds, the lower the SV. IV is a measure of
the degree of unsaturation of fatty acids. Lower iodine implies that the fatty acids are highly
saturated. AV and acidity are the values of milligrams of potassium hydroxide required to
neutralize the free fatty acids present in 1 g of fat/oil. Oils are triglycerides, one molecule of
glycerol bound to three molecules of fatty acids. Heating the oil with wet food hydrolyzes it to
free fatty acids and glycerol. It increases AV and FFA [39].

For this study two parameters, AV and SV were used to determine the quality of the oils and
were checked if it is appropriate for use in soap production. The oil is safe to consume up to a
maximum AV of 4 mgKOH/g oil [46], and above it, 16.1 mgKOH/g oil [1], 68.88 mgKOH/qg oil
[47], were recommended for good quality soap preparation. The saponification value ranged
from 126.8 mg KOH/g to 221mg KOH/g [46] and from 192 mg KOH/g to 250 mg KOH/g [2,
34] was suggested well in soap production.

2.3. Endod (Phytolacca dodecandra)

Endod is rich in saponins traced to oleanolic and serjanic acid [49]. Endod have essential oils

with compositions of aromas dominated by aldehydes and ketones: 2-nonanone (1.80-30.80%),
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benzaldehyde (4.99-25.99%), and sulcatone (2.34-5.87%). The major compounds of the
essential oils Endod berries are phytoene (3.04-21.23%), phytol (4.11-26.29%), and palmitic
acid (1.49-23.87%) [29]. Traditional medicinal uses of the fruit (berries) are ascariasis,
gonorrhea, malaria, rabies, sore throat, rheumatic pain, jaundice, syphilis pruritus, eczema, and
vitiligo [48]. Since Ethiopian field researcher, Dr Lemma first reported molluscidal activity [27],
the plant has drawn a lot of attention from researchers around the globe for the treatment of
helminthiasis and other diseases. A dead snail was found downstream from a village where
people were using Ended berry-derived soap to wash. At this time, laboratory and field
evaluations of the molluscidal Properties of Endod were analyzed. The toxicity of Endod to
mammals, birds, fish, leeches, insects, plants, and schistosome cercariae and miracidia was
determined [27].

The results show that all these mammals’ animals, birds, and plants have no harmful effects on
them. On the other hand, Endod is lethal to fishes, and schistosome cercariae and miracidia are in
much lower concentrations than those used for the control of snails. Endod does not seem to
possess any insecticidal properties, but it Kills all leeches. Skin-irritation tests were performed
with a paste made from Endod placed in large quantities on human volunteers and the shaved
skin of guinea pigs. No harmful effects were detected. The berries had also miracidia,
anthelmintic, antifungal, and antibacterial effects against Escherichia coli, Staphylococcus

aureus, Pseudomonas aeruginosa, and Salmonella spp [49], and control of mosquito larvae [28].

The plant Endod is a natural product, environmentally friendly, and easily grown in suitable
climatic conditions, with an average length of stems reaching 5 to 10 m, especially during the
rainy season with erect, racemic, dioeciously flowering stalks, and bears fruit twice. In Africa
and Ethiopia, the fruit (berry) has long been used as soap for washing clothes. The active
ingredient in the fruit of the plant is known to be saponin, which is dried, powdered, and added
to water to form a high-foaming detergent solution with stronger detergent properties [27].
Although Endod is used as a soap for cleaning and washing clothes, recently in Ethiopia not
gotten attention, it is simply wasted, due to people's preference for commercial soaps [30].
Therefore, Endod's modernization should pay particular attention to addressing the shortage of
raw materials for the soap sector and promoting the nation's economic development. The
utilization of Endod for bar soap made improves the quality and effectiveness of the cleaning

powers of the soap was now being explored in this study.
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3. Materials and Methods
3.1. Chemicals and reagents

The refined vegetable cooking oil of a standard food grade, WCOs, Endod berries powder, Fresh
ginger, distilled water or water of equivalent purity (carbon dioxide-free), used Chemicals and
analytical reagent grade; carbon tetrachloride, Ethanol 96%, potassium hydrogen phthalate,
potassium hydroxide (KOH), sodium hydroxide (NaOH), hydrochloric acid (HCI),
phenolphthalein indicator, potassium iodide, Nitric acid, Silver nitrate standard volumetric
solution (AgNOs), Acetone, Potassium chromate, Light petroleum, Sulphuric acid, Sodium
hydrogen carbonate solution, n-Hexane, methyl orange solution as an indicator, Chloroform

analytical reagent quality, Glacial acetic acid, Potassium iodide, Starch solution.

3.2. Material and Apparatus

Amber color bottles, Erlenmeyer flasks, round-bottomed flasks, reflux tubes, or reflux
condensers, volumetric pipette, Analytical balance, Filter paper, Vacuum Tubing, Buchner
(ceramic) Funnel, Vacuum Pump, Vacuum Filter Flask, Rubber funnel holder, Clamp tick black
hose, Beakers One-mark volumetric flask, Boiling water bath, DRY OVEN DHG-9053A,
evaporating dish, glass stirring rod, sand washed and calcined or granulated pumice, Magnetic
stirrer, Desiccator, Extraction cylinder, Separating funnels, Micro-burette, Pipette, Boiling chips,
Molding, pH Meter, Electrode Calomel/saturated potassium chloride type, Moisture analyzer.

3.3. Methods and procedures
3.3.1. The Study Area

This study was conducted at Jimma University, Jimma, Ethiopia. Jimma is the most urbanized
and populated district which is located in the southwestern part of Ethiopia, is one of the 12
Zones of Oromia regional states, and lies between 360 10" E longitudes and 70 40" N latitude at
an elevation ranging from 880 m to 3360 meters above sea level. Very currently Jimma Zone is
divided into 18 districts (hosting a total population of over 2.4 million and setting of highlands
(15%), midlands (67%), and lowlands (18%) [50]. It is found 335 km away from Addis Ababa,
the capital city of the country. The University, formerly called Jimma institute of health sciences
was established in 1983 [51].
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3.3.2. Sample Preparation and Pre-treatment

From the local market, refined Palm olein cooking oil (10 L) a typical standard food grade was
purchased. An aliquot of oil (1 L) was taken out and marked as unheated cooking oil (UHCO).
The stainless steel frying pan machine, with a capacity of ten liters, received another aliquot of
oil (9 L). For each of the six frying sessions, 1 kg of potatoes that had been air dried at 4 hrs.,
was added to the panning machine (Figure 3a). A sample of oil (1L) from this was taken and
marked as singly heated cooking oil (SHCO). The same process was repeated to obtain oil heated
6 times repeatedly heating cooking oil (6RHCO) (Figure 3b). The temperature and time
consumed for each frying were recorded. Accordingly, the temperature and time consumed for
each of the six frying sessions of RHCOs were 80 °C and 1 hrs., 140 °C and 1:45 hrs., 148 °C
and 2:25 hrs., 182 °C and 3:00 hrs., 190 °C and 3:30 hrs., 199 °C and 4:00 hrs., respectively.
This process of heating and cooling the oil was performed without the addition of fresh oil.
Additionally, samples of viscous black WCOs that underwent 80 frying sessions and 95 frying

sessions held for five and seven days were collected from hotels and restaurants respectively

(Figure 3c).

Figure 3. Sample collection of WCOs a) The stainless steel pan machine used for frying potatoes
chips b) RHCO samples for each of the six frying sessions ¢) WCO samples collected from Hotel

and restaurants frying sessions 80 and 95 respectively

To remove solid, inorganic particles and other impurities of the collected WCOs pretreatment
procedures and reportedly literature were used [9]. Fresh gingers were initially acquired from
Jimma town (Figure 4a). After being peeled, the fresh ginger roots were allowed to air dry for
two hrs. at room temperature (Figure 4b). Then, 15 g of fresh pieces of Peeled ginger roots were
added to each 1 L sample of WCOs used as a bleaching agent [52] and antioxidants [53-55] to

capture free radicals and poisonous substances released during the secondary oxidation stage of
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fatty acids. The Peeled ginger pieces and WCOs were cooked together for 30 min. at 90 °C while
being gently stirred with a stirrer rod (Figure 4c). The hot oil samples were then given time to
cool to room temperature. Then the aforementioned contaminants were removed using suction

filtration (Figure 4d) and ready suitable WCOs for making soap (Figures 4e and f).

Figure 4. The pre-treatment of WCOs a) Fresh ginger b) Fresh pieces of Peeled ginger and dry at
room temperature ¢) The Peeled ginger pieces and WCOs cooked together for 30 min. at 90 °C
d) suction filtration e) Treated WCOs from frying cycle 1-6 f) Treated WCOs collected from

hotels and restaurants frying cycle 80 and 95 respectively

Endod berries were collected from the trunk of the plant in the Jimma area (Figure 5a).
Impurities were removed from the seeds by gently washing them in fresh water while still
attached to the stem (Figure 5b). After that; the seeds were dried (Figure 5c), berries and stems
were separated (Figures 5d and 5e), and crushed to powder using a grinder machine. The coarse
and fine particles in the Endod berries powder were filtered using a 90 um analytical sieve
(Figure 5f). The Endod powder below 90 um particle size was then prepared for the making of

the appropriate soap.
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Figure 5. Preparation of Endod berries powder particles size below 90 um for making bar soap
a) Endod plant b) remove dirty particles ¢) drying d) berries and stems separated e) berries

prepared f) berries crushed to powder using a grinder machine and filtered using a 90 pm sieve

16



3.3.3. Analysis of Constituents of WCO

The two crucial parameters, SV and AV) were taken into consideration in this study to evaluate
the qualities of the collected WCOs for recycling for soap making. To determine each parameter,
the standard titration methods by the American Oil Chemists' Society (AOCS) [56] and ISO
3657:2013, and ES 1SO 660:2009 were used.

3.3.3.1. Determination of Saponification Value (SV)

2 g of the oil sample was weighed into a clean dried 250 mL of the conical flask. Using a
volumetric pipette 25 mL of ethanolic KOH solution 0.5 N and some boiling chips were added.
The reflux condenser was fitted to the round-bottomed flasks. The flask was heated for an hour
with frequent shaking. 1 mL of 1% phenolphthalein indicator was added and the hot excess alkali
was titrated with 0.5 mol/L of standardized hydrochloric acid solution until the pink color
disappeared (changed to colorless). At the same time and under the same circumstances, a blank

titration had been conducted. The saponification value was calculated using Equation 1.

_ (V0 -V1)X €X 56.1
- m

S.V (1)

Where:

Vo is the volume in mL of the standardized HCI solution used for the blank test (22.5 mL), V1 is
the volume in mL of the standardized HCI solution used for determination, C is the exact
concentration of the standardized HCI solution used (0.5 N); m is the mass in g of the oil (2 g).

3.3.3.2. Determination of acid value (AV) and acidity

10 g of oil sample were weighed into the flask, 50 mL of ethanol into the second flask, and both
were boiled in a water bath at the same time at a temperature of 70 °C for 10 min. Next, 0.5 mL
phenolphthalein was added to the 50 mL of heated ethanol. The neutralized ethanol was added to
the test portion in the first flask, and it was mixed thoroughly. Then titration was made using 0.1
N of potassium hydroxide (KOH) solution until the definite pink color was formed, and the

titrated volume was recorded.
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The Acid value (AV) [57] and acidity or free fatty acid (AFFA) [58] content was calculated

using equation 2 and 3 respectively.

_561xNxV

AV = )
MxNxVx100

Where

N is the exact concentration of standard KOH solution used in mole per liter, V is the volumetric
standard KOH solution used in mL; m is the mass in g of the test portion, and M is the molar
mass of the KOH (56.1 g/mol).

3.3.4. Preparation of Laundry Soap

A balance between oil and caustic/lye is necessary for good soap. If it is excessively oily, it will
be soft and melt quickly, the soap will dry slowly, and it won't froth well. An overly caustic
substance will be unpleasant, dry, or burn your skin. No lye will be remaining in the soap bar if
it is prepared properly. Equations (4, 5, 6) were used in this study to balance the proper amount
of oil, lye (NaOH), and water [59]. Dividing the SV value by 1402.50 or multiplying by the ratio
of the molecular weights of NaOH/KOH (40/56.1), gives the amount of lye (NaOH) required for

any unit, as long as you use the same units to measure your NaOH and Qils.

. R S.V of the oilx MWNaOH
Amount of lye in g = Amoant of oil in g X ( T WKOH ) (4)
(Amount of lye) + 0.3 = (Total Weight of lye Water Solution in g) (5)
(Total Weight of lye Water Solution) — (Amount of lye) = (Amount of Water in g) (6)

First, the oil's SV was calculated using (equation 1). In separate flasks, 100g of pretreated WCO
8 samples were heated to 60 °C and subsequently cooled to 40 °C. Next, 4% of Endod berries
powder was mixed with each WCO sample (4 g Endod/100 g of oil, W/W) in separate flasks,
and then sodium hydroxide solution was added. The mixture was then agitated regularly using a
rod stirrer for 15 min. to create an intimate mix. For 1 sample of fresh oil/non-fried without

Endod, the same procedure was done. This is used as a reference standard control to determine
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the effect of temperature on the quality of soaps. To evaluate, the effects of Endod different
Endod oil ratio (0:100, 2:100, 3:100, 4:100, 5:100, 6:100) was used. In all samples after being

poured into molds, the soaps were allowed to air-dry for 24 hours to harden.

3.3.5. Physicochemical Tests/Experimental Details of Prepared Soap

The physicochemical characteristic of soap depends on several factors such physicochemical
characteristics including FCA, CI, pH, MC, EIM, TFM, and cleaning Power and lather
Formation. The physicochemical properties of the soap samples were analyzed using ISO
456:1973, I1SO 457:1983, ISO 672:1978, ISO 673:1981, ISO 685:1975, and standard procedures

reported in the kinds of literature. The experiments were carried out in Triplicates.

3.3.5.1. Determination of free caustic alkali

5 g of soap was weighed and pours 200 mL of ethanol into the flask. The flask was connected to
the reflux condenser and boiled gently until the soap had completely dissolved. It was brought to
a gentle boil and kept at the boil for 5 min. to remove carbon dioxide. After it was cooled to
about 70 °C, 4 drops of phenolphthalein indicator were added. Then it was titrated with the
ethanolic solution of hydrochloric acid (0.1 N) until the color is just perceptibly pink. The
percentage of free caustic alkali in the soap expressed as sodium hydroxide is identical to 1SO
456:1973:

% FCA = 0.040VxTx — 7

Or

% FCA = 4xV xT

Where
m is the mass in g of the test portion, V is the volume in mL of the ethanolic hydrochloric acid

solution, and T is the normality of the ethanolic hydrochloric acid solution (0.1 N).
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3.3.5.2. Determination of chloride content

5 g of soap samples were dissolved in 50 mL of distilled water and then heated to dissolve the
sample. The resulting solution was transferred into a 500 mL volumetric flask. Stirred the
solution using a magnetic stirrer and heated it at a temperature of 90-95 °C until the solution was
completely dissolved. The solution was titrated using HNOj3 (1.4 N) until the pH reaches around
neutrality. Finally, the resulting solution was titrated against 0.1 M AgNO3 using K,Cr,0O5 as an
indicator till a brick red color is obtained. The chloride content of the soap, expressed as a
percentage by mass of sodium chloride (NaCl), is given by the formula Equation 8 [9]:

(%)Cl =-x0.585 (8)
Where:

m is the mass in g of the test portion (5 g), V is the titrated volume in mL of the silver nitrate
solution, and 58.5 is the mass in g of sodium chloride.

3.3.5.3. Determination of moisture and volatile matter content

5 g of samples were precisely weighed into a clean, dried dish. Then, it was heated in a moisture
analyzer (Figure 6) at a temperature of 105 °C until a constant mass and percentage result was

observed.

Figure 6. A moisture analyzer is used to determine the moisture content of the sample
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The moisture content was measured directly from the moisture analyzer and was calculated using

Equation 9 [4] in the same way.

%MC =212 ¥ 100 9)

ml-mo0

Where:

mo is the mass in grams of the dish, m1 is the mass in g of the dish and the test portion before

heating, and m; is the mass in g of the dish and the test portion after heating.

3.3.5.4. Determination of the content of ethanol — in soluble matter

Dissolution of the soap in ethanol, filtration, and weighing of the undissolved residue was done.
The sample's test portion, 5 g was put into a conical flask. Next, 200 mL of the ethanol was
added to the test portion in the conical flask, and it was connected to the reflux condenser. To
avoid as much material sticking to the bottom of the flask as possible, it was heated to a slow
boil while being swirled. Then, the filter paper was taken out of the desiccator after one hour and

left in there just long enough for it to cool entirely to room temperature and weighed it.

The content of EIM expressed as a percentage by mass, is given by equation 10 identical to 1ISO
673:1981.

m
(%)EIM = ExlOO (10)
Where:

mo is the mass in g of the test portion, and m is the mass in g of the residue (mass of dish and

mass of filter paper with final residue — the mass of dish).

3.3.5.5. Determination of total fatty matter content

5 g of the test samples were added into the beaker. The test portion was dissolved in 100 mL of
hot water. The solution was poured into the separating funnels. The beaker was washed with
small quantities of water and added the washings to the separating funnel. Then, a few drops of
methyl orange solution were added as an indicator, and while violently shaking the separating
funnel, a precisely measured known volume of hydrochloric acid solution (1 N) was added until

the color of the solution turned pink, indicating that there was an excess of around 5 mL. 100 mL
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of the light petroleum was then added after the separated funnel's contents had been cooled to
roughly 25 °C. The stopper was inserted and gently inverted the separating funnel whilst
maintaining a hold on the stopper. The stop-cock of the separating funnel was opened gradually
to release any pressure, then close, gently shaken, and again release the pressure. The shaking
was repeated until the aqueous layer had become clear, and then allowed to stand for 5 min.
After that, the extracted colorless solution (a mixture of petroleum and oil) was collected in the
conical flask and transferred to the pink color solution. The residue was dissolved in 20 mL of
the ethanol, a few drops of the phenolphthalein solution was added, and then the ethanolic
potassium hydroxide solution (1 N) was titrated to a faint permanent pink color, and the result
was recorded. Next to that, the ethanol solution was evaporated into the water bath. When the
evaporation was near completion, the flask was rotated to distribute the potassium soap in a thin
layer on the sides and bottom of the vessel. The preliminary drying of the potassium soap was
Carried out a by adding acetone and evaporating off the acetone on the water bath under a slow
stream of cold dry nitrogen or air. Then, it was heated to constant mass in the oven, controlled at
105£2 °C, i.e. until the difference in mass after heating for an additional 15 min. does not exceed

3 mg. It was ultimately weighed after cooling in a desiccator.

The total fatty matter content is given, as a percentage by mass, by equation 11 identical to 1ISO
685:1975:

%TFM = [m1 — (VxTx0.038)]x- (11)

Where:

m; is the mass difference in g between the final flask and initial flask (mass of fat matter), m, is
the mass in g of the test portion, V is the volume in mL of the stand and volumetric ethanol
potassium hydroxide solution used for the neutralization, T is the exact normality of the standard

volumetric ethanolic potassium hydroxide solution.

3.3.5.6. Determination of pH of aqueous solutions

99 g of distilled water and 1 g of soap sample were weighed out, and the water was heated to 70
°C. Then, soap was added to the distilled water and thoroughly mixed with a magnetic stirrer
until the soap was completely dissolved. The pH of the solution was then determined using a pH
meter after being chilled in an ice bath at 40 °C [4].
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3.3.5.7. Test of Cleaning Power, Foam Formation and Stability, and foam removal by the
water of the Prepared Laundry Soap

The cleaning capacity of the made soap bars was evaluated using a white, extremely dirty cloth
that had been dumped on the road and was highly smeared with oil. The capacity of soap to foam
allows it to produce lather when used [60]. Its foam formation and stability were evaluated by
adding 4 g of soap and 400 mL of tap water into an 800 mL measuring cylinder [6]. The mixture
was continuously stirred with a magnetic stirrer (Figure 6a) to generate foams. After continuing
stirring at 1700 rpm for 5 min., the mixture was allowed to stand still for 2 min. to measure the
generated foam, and allowed to stand still for 10 min. to measure the stability of the foam. The
foam height of the solution generated and stabilized within the sample was measured and

recorded (Figure 7b).

- )

Figure 7. Foam Formation and Stability of the made laundry soap a) Stirred for 10 min. to

generate foam b) Measuring the height of the foam

23



4. Results and Discussions
4.1. Analysis of Physico-chemical properties of the oils

In this study, SV and AV were used to determine the physicochemical properties of the oils, and
the experimental results are shown in (Table 3).

Table 3. The experimental results of the oils

Types of the oils Tem.in  Time Parameters
(°C) in hrs. SVof the AV of the

oils oils
Not-frying/fresh oil - - 252.4520.00  0.62+0.00
Frying cycle 1 80 1:00 248.17+0.07  0.70+0.03
Frying cycle 2 140 1:45 245.44+0.00 1.19+0.01
Frying cycle 3 148 2:25 241.93+0.70  1.77+0.03
Frying cycle 4 182 3:00 239.83+0.00  2.38+0.02
Frying cycle 5 185 3:30 236.32:¢0.70  2.89+0.03
Frying cycle 6 199 4:.00 231.41+0.00  4.07%0.03
WCO collected from hotel 80 frying cycle 220 5days 197.05+0.70  4.41+0.03

WCO collected from restaurant 95 frying cycle 250 7 days 194.25+0.70  4.52+0.03

Repeatedly frying vegetable oil at high temperatures causes oxidation, which results in color
change, rancid odor, and rancid flavor [18, 61]. Waste cooking oils need to be purified and
bleached before being reused which improves the quality of WCO [26] and analyzed whether it
is suitable for soap production [9]. Accordingly, in this study, purifying and bleaching of WCO
were done to improve its quality, and its suitability for soap manufacturing was assessed using

the parameters of saponification value and acidic value.

Saponification value reveals the average molecular weight and, consequently, chain length of the
fatty acids in the oil or fat [6]. The SV gauges oxidation while the oil is being stored and
represents oil deterioration [57]. SV is reasonable means of characterizing oil, especially for soap
production [62]. A higher saponification value (mg KOH/g oil) denotes the presence of normal
triglycerides, which require a higher concentration of alkali to complete the saponification
reaction [63]. According to this study's findings, the SV for; non-frying, frying 1, frying 2, frying
3, frying 4, frying 5, frying 6, and WCO collected from hotels and restaurants frying 80, and 95
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were, 252.45+0, 248.17+0.07, 245.44+0, 241.93+0.7, 239.83+0, 236.32+0.7, 231.41+0,
197.05+0.7, and 194.25+0.7 mg KOH/g respectively (Table 3). The study's results indicated that
as the frying cycle increased, the levels of SV significantly decreased. The WCOs that were
collected from hotels and restaurants had lower saponification values (194.25+0.7 mg KOH/qg)
than those of freshly purchased oil (252.45+0 mg KOH/g). This is due to cooking oil breaking
into fatty acids and glycerol after being heated several times, and residual oil makes it easier for
KOH or NaOH to react with the oil, which lowers the saponification value [64]. The more the
SVs, the better capable the oil or fat is of manufacturing soap. The SVs ranged from 126.8 mg
KOH/g to 221mg KOH/g [46], and according to NAFDAC and 1SO 3657:2013 as well as other
research papers' ranged from 192 mg KOH/g to 250 mg KOH/qg [2, 34] suggested well in soap
production. Thus, all of the WCOs utilized in the study were shown to have comparable SV and

are appropriate for soap production.

The AV, which results from enzymatic activity, indicates the quality of the fatty acids in the oil.
Oil with a low AV is long-lasting and resistant to peroxidation and rancidity. The acid value of
oil is used to assess if it is safe to eat and appropriate for use in the soap industry, and it is
frequently used to indicate deterioration. In oil samples with higher levels of FFA, a higher AV
is found, which donates decreased oil quality [65]. This study's findings showed that the AV for
not-frying/fresh oil, frying cycle 1, frying cycle 2, frying cycle 3, frying cycle 5, frying cycle 6,
hotel frying cycle 80, and restaurant frying cycle 95 were 0.62+0.00, 0.70+0.03, 1.19+0.01,
1.7740.03, 2.38+0.02, 2.89+0.03, 4.07+0.03, 4.406+0.03, 4.52+0.03 mgKOH/g, respectively,
(Table 3). The results from the study indicate as the oil is heated repeatedly or the frying cycle
of the oil increase, the AV of the oil increase, and thus that the quality of fatty acid decreases,
which causes oxidation, rancidity, and deterioration of the oil [45]. The oil is safe to consume up
to a maximum AV of 4 mgKOH/g oil [46], and above it, 16.1 mgKOH/g oil [1], 68.88
mgKOHY/qg oil [47], are recommended for good quality soap preparation. As a result, it can be
inferred from this study that oils used for frying 1 through 5 at temperatures ranging from 80 °C
to 185 °C met the requirements of the food domain as evaluated (3.97 mg KOH/qg) [57], and oils
used for frying 6 through 90 at temperatures ranging from 186 °C and above are utilized for the

production of soaps.
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4.2. The Prepared Laundry Bar Soaps

To determine the effects of cooking oil at different temperatures on the quality of the soaps, 6
soaps from frying 1 to 6, and 2 soaps from frying 80 and frying 95 were prepared (Figure 8).
Then it was compared with soap made from non-frying oil/fresh without Endod used as a

reference control. The chemical properties (results) were comparable.

(e)

®» @

Figure 8. The prepared laundry bar soaps Endod to oil ratio (4:100, W/W), except “a”. a) soap
from non-frying oil/fresh without Endod used as reference control b) soap from Frying 1 c) soap
from Frying 2 d) soap from Frying 3 e) soap from Frying 4 f) soap from Frying 5 g) soap from
Frying 6 h) soap from WCO collected from the hotel frying 80 i) soap from WCO collected from
the restaurant frying 95

To make laundry bar soaps, the effects of Endod in various ratios in the same amount of WCO

were also observed (Figure 9). In this case, only frying 6 WCO (Figure 4f) was used.

(a) (b) © @ (o (D

Figure 9. Soap bars prepared from the frying 6 WCO (Figure 2f) and in different Endod to oil
ratios a) 6:100 b) 5:100 c¢) 4:100 d) 3:100 e) 2:100 f) 0:100 (without Endod)

In all soaps, the lye (NaOH) to water ratio (14.2:33.13) was added. The Physicochemical

Properties of the Prepared Soaps were determined as follows.
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4.3. Physicochemical Properties of the Prepared Soaps
4.3.1. Free caustic alkali

Table 4. Experimental results FCA of the prepared laundry bar soaps

The blended ratio

Soap products prepared from of Endod and oil  FCA (%)
(W/W, E/O)
The constant ratio of Endod and oil in different frying cycles (a)
Not-frying/fresh 0:100 0.00 £0.00
Frying cycle 1 4:100 0.00£0.00
Frying cycle 2 4:100 0.00+0.00
Frying cycle 3 4:100 0.00+0.00
Frying cycle 4 4:100 0.00£0.00
Frying cycle 5 4:100 0.00£0.00
Frying cycle 6 4:100 0.00+0.00
WCO collected from hotel 80 frying cycle 4:100 0.00+0.00
WCO collected from restaurant 95 frying cycle 4:100 0.00£0.00
Different ratio of Endod and the same amount of oil in the same
frying cycle (b)
Frying cycle 6 0:100 0.00+0.00
Frying cycle 6 2:100 0.00£0.00
Frying cycle 6 3:100 0.00£0.00
Frying cycle 6 4:100 0.00+0.00
Frying cycle 6 5:100 0.00+0.00
Frying cycle 6 6:100 0.0+0.000

The study's findings showed that the laundry had 0.00% FCA contents (Table 4). According to
the data, the soaps made from WCOs and Endod had almost the same FCA contents compared to
soap prepared from Endod-free fresh oil/non-frying which was used as a standard control
reference. The outcomes of this study demonstrate that even when the oil was fried at various
temperatures, using Endod and oil in a consistent ratio did not alter the amount of FCA present in
the soap (Table 4a).
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For six distinct samples, the effects of Endod in various ratios with the same amounts of oil, lye
(NaOH), and distilled water were also tested in this investigation (Table 4b). Even a large
amount of Endod in this instance did not affect the soap's FCA content. Ultimately, all FAC
values for laundry soaps are below the EAS-recommended permissible level of (0.2%) and for
various countries, including the British (0.05%), Malaysia (0.15%), and the Philippines (0.5%)

[34]. This implied that the manufactured soaps won't irritate skin or deteriorate clothing.

4.3.2. Chloride content

Table 5. Experimental results CI content of the prepared laundry bar soaps

Soap products prepared from The blended ratio
of Endod and oil %ClI

The constant ratio of Endod and oil in different frying cycles (a) (W/W, E/O)

Not-frying/fresh 0:100 0.00£0.00
Frying cycle 1 4:100 0.00£0.00
Frying cycle 2 4:100 0.00+0.00
Frying cycle 3 4:100 0.00+0.00
Frying cycle 4 4:100 0.00£0.00
Frying cycle 5 4:100 0.00£0.00
Frying cycle 6 4:100 0.00+0.00
WCO collected from hotel 80 frying cycle 4:100 0.00+0.00
WCO collected from restaurant 95 frying cycle 4:100 0.00£0.00
Different ratio of Endod and the same amount of oil in the same

frying cycle (b)

Frying cycle 6 0:100 0.00+0.00
Frying cycle 6 2:100 0.00£0.00
Frying cycle 6 3:100 0.00£0.00
Frying cycle 6 4:100 0.00+0.00
Frying cycle 6 5:100 0.00+0.00
Frying cycle 6 6:100 0.0£0.000

The result shows the amount of chloride in all soaps was the same (0.00%) (Table 5). This is
because there is no added sodium chloride or potassium chloride in making soaps. In this study,
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fried oils at different temperatures and Endod in different ratios did not affect the chloride
content in soap making. The data are less than some of those published in the literature (0.12%)
[9], as well as below the limit set by ISO 457, and EAS (1.5%) [36]. Thus, all the prepared Soaps
did not fracture due to the favored chloride content.

4.3.3. Moisture and volatile matter content

Table 6. The experimental results MCs of the prepared laundry bar soap

Soap products prepared from The blended ratio of

Endod and oil (W/W, %MC
The constant ratio of Endod and oil in different frying E/O)
cycles (a)
Not-frying/fresh 0:100 20.07+0.02
Frying cycle 1 4:100 16.41+0.05
Frying cycle 2 4:100 17.17+0.05
Frying cycle 3 4:100 17.54+0.01
Frying cycle 4 4:100 18.15+0.01
Frying cycle 5 4:100 18.51+0.02
Frying cycle 6 4:100 19.15+0.01
WCO collected from hotel 80 frying cycle 4:100 19.37+0.02
WCO collected from restaurant 95 frying cycle 4:100 19.70+0.04

Different ratio of Endod and the same amount of ail in

the same frying cycle (b)

Frying cycle 6 0:100 22.52+0.04
Frying cycle 6 2:100 20.17+0.03
Frying cycle 6 3:100 19.46+0.01
Frying cycle 6 4:100 19.15+0.01
Frying cycle 6 5:100 17.96+0.01
Frying cycle 6 6:100 16.56+0.02

The laundry soaps made from WCQOs obtained from frying 1 up to 6 and collected from hotels,
and restaurants, blended with Endod had MC 16.41+0.05, 17.17+£0.05, 17.54+0.01, 18.15+0.01,
18.51+0.02, 19.15+0.01, 19.37+0.02, 19.70+0.04% MCs, respectively. The analysis suggests that
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the soaps made from blending WCOs and Endod had fewer MCs than soap made from fresh oil
or non-frying (20.07+0.02%) without Endod. The evidence also showed that using Endod, oil,
lye (NaOH), and distilled water in a consistent ratio, the MCs present in the soap rose when the
oil was heated to different levels or as the frying cycle increased (Table 6a). This might be
because frequent frying has increased the acid value, causing the fatty acids in the oil to become
more saturated [66], and observed higher moisture content affected the color of the oil, which
changed from brown to dark brown, due to the presence of water that caused hydrolysis and
aided the degradation of the oil [67]. As a result, as the temperatures of the fried cycle increased,
the MCs of the soap increased.

This study also evaluated the effects of Endod in different ratios with the same amounts of oil,
lye (NaOH), and distilled water. The MC results in this instance ranged from 16.56 to 22.52%
(Table 6b). From this, as the amount of Endod increased, the MCs of the soaps decreased. Final
results show that all MC values of the made laundry soaps are below the EAS-recommended
allowed level of (30%), CES (26%), and for various countries, including Malaysia (36%), and
the Philippines (30%) [34]. Thus, suggested that the made soaps have a long shelf life.

4.3.4. Contents of ethanol-insoluble matter (EIM)

Table 7. The experimental results EIM of the prepared laundry soap

Soap products prepared from The blended ratio of
Endod and ol %EIM

The constant ratio of Endod and oil in different (W/W, E/O)
frying cycles (a)
Not-frying/fresh 0:100 0.104+0.002
Frying cycle 1 4:100 0.387+0.001
Frying cycle 2 4:100 0.606+0.004
Frying cycle 3 4:100 0.942+0.008
Frying cycle 4 4:100 1.07+0.001
Frying cycle 5 4:100 1.132+0.028
Frying cycle 6 4:100 1.31+0.05
WCO collected from hotel 80 frying cycle 4:100 1.45+0.05
WCO collected from restaurant 95 frying cycle 4:100 1.488+0.008
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Different ratio of Endod and the same amount of oil
in the same frying cycle (b)

Frying cycle 6 0:100 0.228+0.028
Frying cycle 6 2:100 0.41+0.01
Frying cycle 6 3:100 0.88+0.04
Frying cycle 6 4:100 1.31+0.05
Frying cycle 6 5:100 2.13+0.03
Frying cycle 6 6:100 3.05+0.03

The EIM values of the prepared laundry soap samples were observed to be in the range of
0.104+0.002% to 3.05+0.03%. This study found that soap prepared from WCOs and Endod had
a greater EIM than soap made from fresh oil (0.104+0.002%) without Endod. This also showed
that by employing Endod, oil, lye (NaOH), and distilled water in a uniform ratio, the amount of
EIM present in the soap rose as the frying cycle or the oil's temperature increased (Table 7a).
The effects of Endod in various ratios with the same amounts of oil, lye (NaOH), and distilled
water were also examined in this study. In this instance, the EIM of the soaps grew along with
the amount of Endod (Table 7b). The EIM values for blended WCQOs and Endod soaps are very
low compared to the value for neem oil soap (19%) [5], this is an indication that the WCOs and
Endod soaps are of higher quality than the neem oil soap. The results also reveal that all EIM
values of the made laundry soaps are below the EAS-recommended acceptable standard of
(2.5%), CES-42-2017 (2.5%) [36], and for many countries, including British (2.0%), Malaysia
(2.5%), and Philippines (5%) [34]. As a result, it is indicated that laundry bar soap prepared from
fresh oil has a very high purity, soaps made from blended WCOs and Endod have a high purity
up until the prescribed Endod to oil ratio of (5:100; W/W), and moderate purity at (6:100; W/W).
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4.3.5. The total fatty matter content

Table 8. The experimental results TFM of the prepared laundry soap

Soap products prepared from The blended ratio of
Endod and ol

The constant ratio of Endod and oil in different (W/W, E/O) %TFM
frying cycles
Not-frying/fresh 0:100 74.27+0.20
Frying cycle 1 4:100 75.46+0.20
Frying cycle 2 4:100 73.24+0.10
Frying cycle 3 4:100 71.82+0.18
Frying cycle 4 4:100 69.94+0.02
Frying cycle 5 4:100 69.6+0.10
Frying cycle 6 4:100 68.06+0.11
WCO collected from hotel 80 frying cycle 4:100 66.73+0.12
WCO collected from restaurant 95 frying cycle 4:100 66.46+0.14

Different ratios of Endod and the same amount of oil

in the same frying cycle

Frying cycle 6 0:100 63.41+0.01
Frying cycle 6 2:100 64.32+0.02
Frying cycle 6 3:100 66.57+0.03
Frying cycle 6 4:100 68.06+0.11
Frying cycle 6 5:100 70.91+1.9
Frying cycle 6 6:100 71.1+£1.60

The TFM values of this study ranged from 63.41+0.01 up to 75.46+0.2. The TFM values
decreased from 75.46+0.2 to 66.46+0.14% as the frying cycle increased (Table 8a). This may be
because frequent frying has increased the acid value, which has led to more saturated fatty acids
in the oil [66], and observed higher moisture content [67].

The effects of Endod in different ratios were determined. In the beginning, the impact of Endod
was tested using fresh/non-frying oil without Endod ratio or Endod to oil (0:100) as the standard
reference and frying 1 oil with Endod ratio Endod to oil (4:100). The results are 74.27+0.2% and
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75.46+0.2% respectively (Table 8a). Similarly, the effects of Endod on the TFM of soap were
investigated by the WCO frying 6 without Endod ratio (0:100) and with Endod distinct. In this
case, the TFM of the soaps increased from 64.32+0.02 to 71.1+1.6% as the amount of Endod
increased (Table 8b). This might be a result of Endod's oil content and fatty acid composition,
which included palmitic acid [29], the active ingredients in the fruits of the plant are known to be
saponin with oleanolic acid which when dried, powdered, and placed in water yields a foaming
detergent solution, which has more powerful detergent properties [27], which may cause
increases the TFM value of the soap. This also needs additional studies. All TFM results that
exceed those of the International Standard Organization (ISO), including the EAS and CES
recommended level of (62%) [33], and for a variety of nations, namely Malaysia (60%), and the
British (62%) [34]. Therefore, it is advised that all laundry bar soaps made from WCOs and

Endod have higher cleansing power, cause less skin damage, and are grade-1/genuine soaps.
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4.3.6. pH value

Table 9. The experimental results pH value of the prepared laundry soaps

Soap products prepared from The blended ratio
of Endod and oil pH values
The constant ratio of Endod and oil in different frying cycle (W/W, E/O)

Not-frying/fresh 0:100 9.77+0.01
Frying cycle 1 4:100 9.69 +0.01
Frying cycle 2 4:100 9.45 +0.02
Frying cycle 3 4:100 9.26 £0.03
Frying cycle 4 4:100 9.82 £0.05
Frying cycle 5 4:100 9. 42+0.04
Frying cycle 6 4:100 9.44+0.05
WCO collected from hotel 80 frying cycle 4:100 9.52+0.01
WCO collected from restaurant 95 frying cycle 4:100 9.56+0.03

Different ratios of Endod and the same amount of oil in the
same frying cycle

Frying cycle 6 0:100 9.52+0.02
Frying cycle 6 2:100 9.49 +0.01
Frying cycle 6 3:100 9.4620.04
Frying cycle 6 4:100 9.44 +0.03
Frying cycle 6 5:100 9.35+0.05
Frying cycle 6 6:100 9.22+0.02

The pH measures the acidity or alkalinity of a substance. The pH results ranged from 9.22+0.02
to 9.77+0.01 (Table 9). This demonstrates that the results were significantly different when
comparing the samples prepared from fresh and fried oil. Similar to how there are noticeable
differences between soaps made with and without Endod. The pH range established by standard
(9- 11) [60] for acceptable laundry bar soaps encompasses all of the products' pH values.
Therefore all soaps had healthy pH levels [35].
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4.3.7. Test of Cleaning Power, and Foam Formation and Stability of the Prepared

Laundry Soap

Table 10. Cleaning Power, Foam Formation, and Stability of the Prepared Laundry Soaps

Soap products prepared from
The constant ratio of Endod
and oil in different frying cycle
Not-frying/fresh

Frying cycle 1
Frying cycle 2
Frying cycle 3
Frying cycle 4
Frying cycle 5
Frying cycle 6

WCO collected from hotel 80

frying cycle

WCO collected from restaurant

95 frying cycle

Different ratios of Endod and
the same amount of oil in the

same frying cycle

Frying cycle 6
Frying cycle 6
Frying cycle 6
Frying cycle 6
Frying cycle 6
Frying cycle 6

The blended ratio
of Endod and oil
(W/W, E/O)

0:100
4:100
4:100
4:100
4:100
4:100
4:100
4:100

4:100

0:100
2:100
3:100
4:100
5:100
6:100

Heig
ht

7.00
8.1
7.3
6.9
6.5
6.0
5.6

451

4.43

3.3
4.7
5.1
5.6
5.9
6.4

Foam

Stability

Very high
Very high
Very high
Very high
Very high
Very high
Very high
High

High

Good

High

High
Very high
Very high
Very high

power

Very high
Very high
Very high
Very high
Very high
Very high
Very high
High

High

Good

High

High
Very high
Very high
Very high

Cleansing Foam

removed by

water

Moderately
Easily
Easily
Easily
Easily
Easily
Easily
Easily

Easily

Slowly
Moderately
Easily
Easily
Easily
Easily

Cleansing power, bubbly, hardness, conditioning, creaminess, and lather formation are the

principal traits generally used to assess first-class laundry soaps [9]. The detergency of soaps was

tested on white, extremely dirty clothes that had been dumped on the road and heavily soiled

with oil. As a result, it was found that the Cleansing power of soap derived from WCO and

Endod was relatively better than without Endod. Similarly, soaps made from non-fried/fresh oil
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without Endod have the highest cleansing power than soaps made from WCO without Endod
(moderate). This suggests that as the number of frying times increases, the soap's detergency
decreases. This is likely due to frequent frying increasing acidity, resulting in more saturated fat
in the oil [66] and higher moisture content [67]. As a result, the cleansing power of the soap
decreases relatively as the temperature of the frying spread increases. The higher the foam
height, the better the soap lathers [6]. According to Hassan and Wawata, 1.G [68] foam height
(4.6 cm) and above have the viable potential for utilization in soap and cosmetic industries, and
Pak. J. Anal. Environ. Chem.[69], foam height (2.3 cm) passed the lather test. The results of this
study show that the soap made from frying cycle 1 with an Endod ratio of 4:100 has the highest
foam volume (8.1 cm foam height). On the other hand, soap made from WCO produced a
moderate amount of foam (3.3 cm) at frying cycle 6 without Endod. Other samples had a range
of foam heights (from 4.0 to 8.1 cm) (Table 10). Increasing the concentration of Endod also
increased the foam height. This may be a result of the oil and fatty acid composition of Endod,
which contains palmitic acid [29] and oleanolic acid[70], and the active ingredients in the fruit of
the plant is known to be saponin, which is dried, powdered and added formed high foaming
detergent solution with stronger detergent properties [27] (Figure 10), and reasons stronger
lathering, better foam stability, greater cleansing power of soaps, and when washing clothes the

foam is easily removed with water.

Figure 10. Endod berries powder high-foaming detergent solution
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5. Conclusion

The results of this study revealed that the samples fit into the grade-1/genuine category of
laundry bar soaps. Fried cooking oils at different temperature does have a less significant effect
on the quality of soap making. The Physico-chemical characteristics of soaps showed that all test
parameters were within the recommended IS limits, except for the soap made with an Endod to
oil ratio of 6:100 (W/W), which exceeds EIM at a level that is higher than the limits set by the
EAS, CES (2.5%), and British (2%). Better soap can be prepared by mixing WCOs with Endod
berry powder in a ratio of Endod to oil (2:100-5:100; W/W). Soap made by blending WCO and
Endod has a comparable quality without Endod non-fried/fresh oil-made soap. Therefore, using
WCO and Endod (Phytolacca dodecandra) for soap preparation has three advantages. One
advantage is its use to minimize environmental pollution and health problems caused by WCOs.
Secondly, Under the right climatic conditions, the Endod plant grows rapidly and bears fruit
twice a year, providing a cheap and effective means of raw material for soap making instead of
useless just waste. The third is the blending of WCO and Endod replacing palm oil and animal
fats in soap making, which are expensive for the soap industry as they are imported from other

countries.

6. Recommendation

Endod berries are used for laundry washing clothes due to their highly powerful detergent
properties. Even though Endod berries are highly powerful detergents, their physicochemical
characteristics were not evaluated in this work due to time and financial constraints. Therefore,

it's crucial to look further.
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Where Ty=Trial 1 and T, = Trial 2






















