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BACKGROUND: Waste cooking oil (WCO) is overused for frying food can be a series of chemical changes, such as 
rancid, oxidation, and decomposition. Most of the secretion of toxic compounds are a product of oxidizing fatty acids, 
especially double-unsaturated fatty acids. The intervention of stirrer chamber unit and utilization of chicken egg’s 
shell as an absorbent is known to be able to improve the quality of WCO, includes reducing the number of peroxide 
and the free fatty acids (FFA).

AIM: The purpose of this study was to analyze the effect of the powdered chicken egg’s shell on the number of 
peroxide and the WCO’s FFA through the stirrer chamber.

METHODS: The research design used a simple experiment type post-test only Control Group Design. The subject was 
divided randomly into two groups, the treatment was given to one group as a control group and another group (other 
treatment) as an experimental group. The WCO sample called “Jelantah” for each treatment was 100 ml as much as 
48 samples. The replication was carried out twice with 24 treatments of the mass of egg’s shell powder that was 0 g, 
5 g, 10 g, and 15 g at a stirring time for 15 min, 30 min, and 45 min before and after heating 35°C using 150 rpm of 
stirring speed. The sampling technique used purposive sampling and the data were analyzed by Anova statistical test.

RESULTS: Based on the result from this research showed that the original WCO contained the number of peroxide 
and FFA exceeded the quality standard of SNI 3741 (2013) that is 16.7 MekO2/kg and 0.69% in sequence. The 
average number of peroxide of control group before heating was 15.31 MekO2/kg and after heating was 17.4 
MekO2/kg, while the FFA before heating was 0.61%, and after heating was 0.71%. The number of peroxide of the 
treatment group before heating was 12.83 MekO2/kg and after heating was 6.98 MekO2/kg, while the FFA content 
before heating was 0.46% and after heating was 0.25%.

CONCLUSION: It was concluded that chicken egg’s shell powder could minimize the content of peroxide and WCO’s 
FFA through the stirrer chamber.
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Introduction

The use of used cooking oil for used cooking oil 
is still found in the community. Used cooking oil or waste 
cooking oil (WCO) in addition to providing other flavors in 
food, is also used to reduce production costs for business 
actors. Falade et al. [1] explained that in improving the 
properties of organic food, it is generally done by frying 
and burning methods using very high temperatures, so 
that possibility of thermal oxidation (Falade et al. 2017).

In the frying process, oil undergoes a 
degradation reaction due to heat, air and air, 
which eventually causes oxidation, hydrolysis, and 
polymerization. Suratno and Utomo [2] explained that 
the results of the degradation reaction in oil undergoing 
a thermal process can reduce the quality of cooking oil 
and have a bad impact on humans. (Suratno and Utomo, 
2018) [2]. Falade et al. explained again that consuming 
thermally oxidized cooking oil has a negative effect 
on increasing lipid low-density lipoprotein, decreasing 
high-density lipoprotein and causing high cholesterol 
levels, changes in hemoglobin concentration, packed 
cell volume. Increases White Blood Cells, the number 

of neutrophils and lymphocytes, kidney function, and 
induces lipid peroxidation and oxidative stress which 
have degenerative pathogenesis (Falade et al. 2017).

Astuti’s research showed that the peroxide value 
test results increased starting from the 3rd  repetition of 
frying on branded oil and the second repetition of bulk oil. 
The peroxide value obtained is higher than that required by 
SNI 3741 in 2013 which is 1.00 mg O2/100g. Likewise, the 
results of the examination of free fatty acids (FFA) levels in 
bulk oil samples showed an increase after the 4th repetition 
of frying, exceeding the oil quality requirements set by SNI 
(Max 0.30% w/w) [3]. This explains that the high number 
of peroxides indicates that there has been damage to 
the cooking oil, which in turn will go rancid. Likewise, the 
increase in the number of FFA, which can be caused 
by the high water content, accelerates the hydrolysis of 
cooking oil. The presence of water in the oil will accelerate 
the hydrolysis process of cooking oil [4]. The research of 
Manurung et al. 2018 [13] showed an increase in peroxide 
number and FFA percentage after being treated by heating 
in 4 variations of time. The results indicate that the longer 
the cooking oil heating time, the higher the peroxide value 
and the percentage of FFA. The longer heating will cause 
the temperature of the cooking oil to increase.
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This results in the oxidation, hydrolysis, and 
polymerization of unsaturated fatty acids and results in 
the formation of ketones, aldehydes, and polymers. The 
description above becomes the mindset of researchers 
to carry out sustainability in the development of previous 
research with research orientation on the use of chicken 
eggshells as an adsorbent. Peng et al. [5] research 
explained that chicken eggshells can be used as a 
catalyst in converting calcium carbonate contained 
in chicken eggshells into calcium oxide through shell 
combustion (Peng et al., 2018). Calcined CaO is thought 
to have the ability to absorb FFA and color and to reduce 
the peroxide value of WCO oil. Analyzing the effect of 
chicken eggshell adsorbents on the peroxide number and 
FFA on the clarity of WCO through the Stirrer Chamber.

Methods

This research is a simple experimental 
research with Posttest Only Control Group  Design 
approach. Subjects were randomly divided into two 
groups, treatment was given to one group as the 
control group and the other group (other treatments) as 
the experimental group. This design was carried out to 
determine the effect of stirring time, and the mass of 
chicken egg shells, both in the control group and the 
experimental group. The sample size is 48  samples 
with 24 treatments and 2 times of replication.

Research stages

Sample preparation

Filtering used cooking oil WCO with cheesecloth 
or filter paper to remove impurities in the form of solids 
or crumbs. After that, the content of peroxide number, 
FFA was analyzed.

Adsorbent manufacturing

Washing chicken eggshells as raw material for 
CaCO3 and removing the eggshell membrane. Wash 
the eggshells again with distilled water, drain and then 
dry at 105°C for 2 h in the oven. The dried eggshells 
were reduced in size with a mortar and then sieved 
using a 120 mesh sieve.

Adsorbent activation

Chicken eggshell powder that has been 
prepared, soaked in 0.1 M HCl solution for 48 h, then 
drained, filtered, and washed with distilled water and 
aquabides until the pH is neutral (pH = 7). After the pH 
was neutral, the adsorbent was recalcined at 500°C for 
8 h (Haryono et al., 2018) [6].

Adsorption process

Weighing the adsorbent as much as 5 g, 10 g 
and 15 g, respectively.

Research stages

1.	 Stage I: Making adsorbent
2.	 Phase II: Implementation of trials.

At this stage, the samples were divided into 
24 groups with various adsorbent masses of 5 g, 10 g 
and 15 g, stirring for 15 min, 30 min and 45 min before 
heating and after heating at 35°C.

Results and Discussion

Examination of the decrease in WCO peroxide 
levels before and after heating between the control group 
and the treatment group obtained the following results:

Table 1 shows the highest percentage decrease 
in WCO peroxide levels in the CW3 code, namely the 
sample treated with the addition of 15 g of adsorbent 
with a stirring time of 45  min, which is 79.97%. The 
magnitude of the decrease in the highest peroxide value 
in the sample coded CW3 was used cooking oil which 
was treated with the addition of 15 g of adsorbent with a 
stirring time of 45 min, which was 8.13 MekO2/Kg. This 
explanation can be shown in Figure 1 below:

Table  1: Recapitulation of Percentage Decrease in WCO 
Peroxide Number Based on Variations in Adsorbent Mass and 
Stirring Time
Sample Codeo Peroxide Number (MekO2/kg) Decrease Percentage

Before Warmup After Warmup
AW1 15.15 11.215 25.97
BW1 14.05 9.40 33.10
CW1 13.165 7.20 45.31
AW2 14.425 9.36 35.11
BW2 13.26 7.67 42.16
CW2 12.085 5.305 56.10
AW3 12.155 6.28 48.33
BW3 11.06 4.34 60.76
CW3 10.16 2.035 79.97
Amount 115.51 62.805 426.81
Average 12.83 6.98 8.89
WCO: Waste cooking oil.

Free fatty acid levels also decreased before 
and after heating between groups treatment of groups 
control. This can be shown in Table 2 below:

Table  2: Recapitulation of Percentage Decrease in WCO FFA 
Levels Based on Variations in Adsorbent Mass and Stirring 
Time
Sample Code FFA (%) Decrease Percentage

Before Warmup After Warmup
AW1 0.54 0.39 27.78
BW1 0.515 0.34 33.98
CW1 0.475 0.26 45.26
AW2 0.56 0.355 35.71
BW2 0.505 0.25 50.50
CW2 0.375 0.23 38.67
AW3 0.415 0.175 57.83
BW3 0.37 0.145 60.81
CW3 0.35 0.07 80.00
Amount 4.105 2.215 430.54
Average 0.46 0.25 0.08
WCO: Waste cooking oil, FFA: Free fatty acids.
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Table  2 shows that the highest percentage 
reduction in WCO FFA levels was in the CW3 code, 
namely the sample treated with the addition of 15  g 
of adsorbent with a stirring time of 45 min, which was 
80.0%. The magnitude of the decrease can be shown 
in Figure 2 below:

Figure 2 shows the highest decrease in WCO 
FFA levels in the CW3 coded sample, namely the 
sample treated with the addition of 15 g of adsorbent 
with a stirring time of 45 min, which is 0.28%. Based 
on the analysis of the Manova test using Pillai Trace, 
it is known that there is an effect or difference between 
heating temperature, adsorbent mass and stirring time 
on the levels of peroxides and FFA. The results of 
the analysis show that the calculated F value is 9934 
with p = 0.000 <0.05, so accept H1 which indicates a 
significant effect between treatments. The magnitude 
of the effect is 71.3%. The levels of peroxide and FFA 
after the addition of the adsorbent mass of chicken 
eggshells after being given heating at 35°C and stirring, 
decreased below the threshold value of SNI 3741 
of 2013 concerning cooking oil where the quality of 
cooking oil in terms of the maximum peroxide value 
of 10 MekO2/Kg and FFA by 0.3%. Cooking oil that 
undergoes repeated heating is known to undergo 
physical and chemical changes, namely changes in 
chemical reactions including hydrolysis, oxidation and 
polymerization reactions. The hydrolysis process can 
be shown in Figure 3.

Figure  4 explains that the breakdown of 
triglycerides involves the presence of hot water 
and steam from the frying process. The breakdown 
produces monoglycerides, diglycerides, FFA and 
glycerol. The degree of hydrolysis depends on and 
acid products arising from fat oxidation increase 
the hydrolysis process in the presence of steam 
during frying. The use of cooking oil continuously 
and repeatedly at high temperatures (160–180°C) 
is accompanied by contact with air and water in the 

frying process. will result in a complex degradation 
reaction in oil and produce various reaction products. 
Cooking oil also changes color from yellow to dark. 
The degradation reaction products contained in 
WCO will also reduce the quality of fried foods 
and cause bad effects on health [7]. It was further 
explained that the damage to cooking oil that took 
place during frying and 220°C respectively. (Bhardwaj 
et al., 2016) [8] would also reduce the nutritional 
value and quality and value of fried food because it 
has the potential to cause an unattractive structure 
and appearance as well as an unpleasant taste and 
smell. Cooking oil that undergoes repeated heating 
is known to undergo physical and chemical changes. 
Nayak et al. [9] explained that the changes in 
chemical reactions include hydrolysis, oxidation and 
polymerization reactions. This research by Falade 
et al. (2017) strengthens the research of Venkata 
and Subramanyam which proves the hypothesis that 
heating vegetable oil to the boiling point results in the 
formation of free radicals that cause oxidative stress 
and cause damage at the cellular and molecular 
levels.

Another impact of repeated heating of oil 
causes changes in histopathology, antioxidant enzyme 
levels and blood biochemistry in experimental animals 
so that it has a detrimental effect on health. The peroxide 
value produced is higher than that of unheated oil.

Analysis of the levels of peroxide and FFA of 
“cooking” cooking oil WCO in this study showed that 
there was an effect of the mass of the adsorbent on 
chicken eggshells and the stirring time before heating 
at 35°C at a stirring speed of 150  rpm. The more 
mass of the adsorbent and the longer the stirring 
time in this study, the higher levels of peroxide and 
FFA decreased. The results showed that there were 
significant differences in the levels of peroxide and 
FFA in the treatment of adsorbent mass and stirring 
time at a stirring speed of 150  rpm before and after 
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Figure 1: Graph of recapitulation of total decrease in levels waste cooking oil peroxide number by mass adsorbent and stirring time
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heating at a temperature of 35°C. Research by 
Bhardwaj et al. proved that heated oil had an increase 
in saturated fatty acids. The increase in saturated 
fatty acid content in the oil undergoing heating or 
frying ranged from between 2.30 ± 0.89 g/100 g and 
4.5 ± 1.43 g/100 g to 2.60 ± 0.38 g/100 g and 5.96 ± 
1.94 g/100 g at 180°C.

Figure  4: Formation of Diglyceride and Fatty Acids (Nayak et al., 
2016)

Quoted from Fitriyana and Safitri [10], stirring 
time is one of the factors that affect the decrease in 
peroxide and FFA levels. It was further explained that 
the effectiveness of the adsorbent decreased in the 
adsorption process as the stirring time increased. This 
condition is caused by the occurrence of a saturation 
point on the adsorbent so that desorption occurs which 
can increase the content of the adsorbed substance. 
Fatty acid compounds are adsorbed on the active site 
of the chicken eggshell adsorbent.

The polar carboxyl end of the FFA has the 
potential to be adsorbed by the polar chicken eggshell 
powder (Fitriyana and Safitri, 2015) (2015).

In addition to stirring time, adsorbent mass 
plays a role in reducing the number of peroxides and 
FFA. It is known from the results of this study that the 
more mass of adsorbent used, the decrease in the 
number of peroxides and FFA was higher, namely at a 
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Figure 2: Graph of recapitulation of total decreased levels waste cooking oil free fatty acids by mass adsorbent and stirring time

Figure 3: Stages of Making Adsorbent from Chicken Egg Shell
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mass of 15 g of adsorbent compared to the mass of 5 g 
and 10 g of adsorbent. This study also showed that the 
longer the stirring time and the greater the mass of the 
adsorbent, the levels of peroxide and FFA indicated that 
they were decreasing. The highest decrease was at a 
stirring time of 45 with a mass of 15 g of adsorbent. This 
study explains that the mass of the adsorbent and the 
stirring time together have a contribution in reducing the 
number of peroxides and FFA.

Fitriyana and Safitri explained that the 
peroxide containing oxygen is a polar compound 
which is more easily bound to polar adsorbents. It is 
known that activated chicken eggshell powder has 
the main component of polar calcium carbonate. 
The presence of stirring supports the strength of the 
interaction between the adsorbate and the adsorbate. 
This is based on the nature of the adsorbate and the 
adsorbent, one of which is the polarity of the adsorbent 
and adsorbate. It was also mentioned by Fitriyana and 
Safitri that if the adsorbent is polar, it will be bound 
more strongly than the less polar components. In 
addition, it was explained again that the adsorption 
power involves the van der Walls force where there is 
an attraction between molecules (Fitriyana and Safitri, 
2015) [10].

It was clarified again by Tizo et al. [11] in 
their research that by increasing eggshell powder as 
an adsorbent, it greatly contributed to the increase 
in adsorption efficiency. The results showed that 
increasing the percentage of eggshell powder with 
increasing contact time, would increase the decrease 
in Cd levels [11].

It was stated that the presence of special 
functional groups from eggshell adsorbents such 
as hydroxyl, carboxyl and amide groups gave 
reinforcement to the adsorbent as a potential adsorbent 
so that CaCO3 contained an active site that binds the 
adsorbate (Tizo et al., 2018).

Schneider et al. [12] explained that stirring 
or adsorption kinetics indicates the speed at which 
molecules are adsorbed. The adsorption speed 
depends on the characteristics of the adsorbate, the 
adsorbent and the operating conditions provided, 
agitation (stirring), the temperature and mass of 
the adsorbent. In addition, stirring is responsible for 
particle dispersion, but promotes greater contact and 
mass transfer. The total adsorption time is related to 
the availability of active sites on the surface of the 
adsorbent. The maximum saturation of the adsorbent 
occurs when the surface is filled with solute. In most 
of the adsorption processes, it is known that there is a 
decrease in the amount of adsorbed substance with an 
increase in temperature due to the exothermic process 
(Schneider et al., 2019) [12].

Conclusions and Recommendations

Chicken egg shells can be used to minimize 
the number of peroxides and FFA. People are advised 
to avoid the use of used cooking oil and can use chicken 
egg shells in an effort to food safety.
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