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Abstract: Competition in the industry forces palm oil producers to keep raising the caliber
of their output. One of the businesses involved in the Crude Palm Oil sector is PT. XYZ.
The quality of the CPO that PT. XYZ produces is a top priority. To ascertain the quality of
the oil produced, crude palm oil (CPO) quality supervision is always conducted. At PT.
XYZ, supervision is carried out to ascertain the degree of machine efficiency in addition
to determining the oil quality. Additionally, this demonstrates PT. XYZ’s dedication to
preserving the caliber of the oil produced. PT. XYZ consistently strives to produce oil that
satisfies established criteria. A number of characteristics, including moisture content, loss
content, and the value of FFA parameters, typically affect the quality of palm oil. The reduc-
tion in CPO quality caused by a rise in Free Fatty Acid (FFA) levels is a frequent problem in
CPO mills, according to testing results on FFA levels in CPO from June to July 2024 because
CPO storage is one of the key elements in assessing CPO quality and protecting it from
impurities that can lower palm oil quality. A cause-and-effect diagram and Failure Mode
and Effect Analysis are the methods used to examine the rise in FFA levels.

Keywords: failure mode and effect analysis assessment; free fatty acid; quality

1. Introduction

Quality means the degree to which something is good or bad, the quality, level, or
degree of something [1]. Quality can also be interpreted as a characteristic that a product
or service must have. Nowadays, quality has become one of the determining factors for
consumers when choosing products and services [2]. With the development of palm oil
mills today, the competition between mills has become more intense [3]. This causes mills to
try to maximize the quality of the CPO produced. The quality of palm oil can be determined
from several factors such as FFAs, moisture content, impurities, and losses. PT. XYZ has its
own CPO standard, which is displayed in Table 1.

One of the most crucial chemical laboratory test techniques used in the food industry
to assess food quality and resistance to potential spoiling is moisture content. Substances
that do not dissolve in oil are called dirt [4]. The failure or loss of the quantity of oil that
ought to have been recovered as a result of a process is known as oil loss [5]. When fats
hydrolyze, acids known as fatty acids are released.

A frequent issue in CPO mills is the deterioration of CPO quality brought on by a rise
in the quantity of FFAs. Excessive amounts of FFAs cause the oil to alter in color and taste;
and become rancid [6]. The amount of FFAs in palm oil indicates its quality. The content of
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desirable FFAs derived from palm oil is low [7]. PT. XYZ has set the FFA level at 3.50%.
In order to achieve the desired oil quality, businesses typically deal with oil conditions
that have large quantities of FFA, which means that the fruit selection procedure is more
stringent. For palm oil to maintain its worth and price, its quality is crucial.

Table 1. CPO quality standard of PT. XYZ.

Quality Standard Percentage (%)
FFAs 3.50
Moisture Content 0.20
Dirt 0.025
Oil Losses 1.50

A rise in FFA levels leads to a decline in CPO quality, which is a common issue in CPO
mills. One of the key elements in assessing CPO quality and protecting it from contaminants
that could lower the quality of palm oil is how it is stored. In order to ascertain the causes
of the rise in FFA levels in CPO and the quality characteristics present in CPO at PT. XYZ,
an analysis was conducted. Investigations were conducted into the FFA content of the yield
quality metrics for CPO and FFBs.

2. Research Methods
2.1. Crude Palm Oil

Crude palm oil (CPO) is crude oil that still has juice and contaminants, such as
undesirable odors and impurities [8]. One of the vegetable oil varieties with a wide range
of applications is palm oil. The mesocarp of oil palm fruits is frequently used to extract
palm oil, which is then separated and purified. Because it is inexpensive, readily available,
and has high oxidative stability, palm oil is utilized extensively. In addition to being a
common dietary ingredient, palm oil can also be included in cosmetics [9].

2.2. Failure Mode and Effect Analysis Assessment

By examining the cause-and-effect correlations of defects and identifying solutions
with the right actions, FMEA is a useful analysis technique that businesses use to avoid
and remove flaws that arise. FMEA is carried out to assist with risk assessment studies and
potential hazard identification [10].

By assessing severity (effect), occurrence (probability of errors occurring), and detec-
tion (the degree to which it can be detected), the degree of risk is assessed using FMEA.
Respondents are given a questionnaire to complete in order to gather data. The severity,
occurrence, and detection numbers are multiplied using(RPN =S x O x D) to determine
the Risk Priority Number [11].

1.  Severity
Severity is measured 1 to 10 (the severity increases with the severity number). Table 2
is the severity assessment table.

2. Occurence
Occurrence is measured on a scale of 1 to 10 (the likelihood of process failure increases
with the number of occurrences). Table 3 is the assessment table.

3. Detection
Detection is measured on a scale of 1 to 10 (the higher the detection number, the less
reliable the process failure detection). Table 4 is the detection assessment table [12].
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Table 2. Severity assessment table.

Number Rating Description
2-3 Low Making the subsequent procedure more difficult
4-6 Medium Causing equipment damage or unforeseen repairs
7-8 High Influences further process failures
9-10 Extremely Impacts safety

Table 3. Occurence assessment table.

Number Rating Description
1 Small chance Cpk > 1.67
2-5 Small possibility Cpk>1.33
6-7 Medium possibilitye Cpk >1.00
89 Probably Process beyond control limits
10 Highly probable Failure is unavoidable

Table 4. Detection assessment table.

Number Rating Description
1 Very High Detection reliability of almost 100%
2-5 High Detection accuracy of over 99.8%
6-8 Medium Approximately 98% detection reliability
9 Low Detection reliability of more than 90%
10 Very Low Reliability of detection below 90%

2.3. Fishbone Diagram

A graphical technique for depicting a phenomenon’s cause and consequences is the
fishbone diagram [13]. An analytical tool that offers a methodical approach to examining
impacts and the factors that contribute to or affect them is a fishbone diagram. Because of
its characteristics, a fishbone diagram is often known as a cause-effect diagram [14].

Liliana (2016) [15], summarizes four steps when using a fishbone diagram.

1. Identify the problem
The first step in solving a problem is to observe, understand, and identify the cause of
the problem to be solved. This phase is crucial in the problem-solving process as an
effective solution cannot be found without clear knowledge of the problem.

2. Determine the important elements at play
In order to concentrate on the crucial elements that need attention, the goal of this
stage is to comprehend the main components contributing to the issue. This is essential
for finding an appropriate and effective solution.

3. Identify the possible causes
Determine and examine the problem’s potential causes. The purpose of this step is
to understand why the problem is occurring and to ensure that the chosen solution
adequately addresses the cause of the problem and not just the symptoms.

4. Analyze the diagram
Analyze charts to understand information and patterns that are visually displayed.
The goal is to identify hidden relationships, patterns, and trends so that you can gain
relevant insights for decision-making and problem-solving [16].
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3. Result and Discussion

For palm oil to maintain its worth and price, its quality is crucial. One way to assess if
CPO is of high quality is to look at the test results of its FFA content. The following Table 5
displays the findings from a month’s worth of FFA testing conducted from 23 June to 22
July 2024.

Table 5. FFA testing for one month, from 23 June-22 July 2024.

No. Date FFA Content (%)
1 23 June 2024 3.62
2 24 June 2024 443
3 25 June 2024 4.29
4 26 June 2024 3.97
5 27 June 2024 341
6 28 June 2024 3.26
7 29 June 2024 3.07
8 30 June 2024 3.93
9 1 July 2024 3.26
10 2 July 2024 3.10
11 3 July 2024 3.43
12 4 July 2024 3.34
13 5 July 2024 3.42
14 6 July 2024 3.56
15 7 July 2024 3.09
16 8 July 2024 3.64
17 9 July 2024 3.54
18 10 July 2024 4.33
19 11 July 2024 3.65
20 12 July 2024 3.03
21 13 July 2024 347
22 14 July 2024 3.12
23 15 July 2024 3.71
24 16 July 2024 3.37
25 17 July 2024 4.25
26 18 July 2024 3.27
27 19 July 2024 3.90
28 20 July 2024 3.48
29 21 July 2024 3.45
30 22 July 2024 3.22

The FFA content data in the table were entered into a graph to see on what date the
data are still in accordance with the standard or have exceeded the standard limit. The
graph of FFA and water content at PT. XYZ can be seen in Figure 1.
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Free Fatty Acid Content at PT. XYZ
in June-July 2024

FFAs Content FFAs Limit

Figure 1. Graph of FFAs and water content at PT. XYZ.

Based on the graph above, by applying the existing standards where the lower limit

is 0% and the upper limit is 3.50%, there are still data that do not meet the standards, so

they are outside the control limits (out of control). The increase in FFA levels in CPO can

be caused by several factors, including raw materials or FFBs experiencing damage before

processing such as maturity not according to fractions and overnight storage in the loading

ramp area, then water content and lipase enzyme activity, and CPO in storage having

precipitated, meaning that it thickens and cools.

3.1. Fishbone Diagram

The method used is a cause-effect diagram to analyze which factors cause the increase

in FFA levels in CPO. The factors causing the increase in FFA are as follows:

1.

Human

At PT. XYZ, humans are a very important factor because some production activities
are still carried out manually with human labor. In particular, employees who are less
experienced are less skilled and do not understand the existing procedures, which
impacts the quality of FFBs for the resulting CPO.

Environmental

The environment is a factor that affects the quality of fresh fruit bunches. A poorly
maintained environment is a potential breeding ground for microorganisms that
contaminate the fresh fruit bunches, leading to increased FFA levels in the oil.
Material

The cause of the increase in FFAs is fresh fruit bunches that are left overnight at the
loading ramp, meaning that their quality decreases. In addition, fresh fruit bunches
that are not at the appropriate ripeness fraction are caused by poor sorting, resulting in
unripe and overripe FFBs that increase the amount of FFAs in the fresh fruit bunches.
Work Method

The factor causing the increase in FFAs in CPO is the work method in the production
process, especially at the boiling station. Boiling that is not maximized causes high
levels of FFAs, and water and heat content are important factors in boiling. Boiling
that is not according to standards, for example too long, is also the cause of high FFA
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Less trained/new

employees
Workers do not
understand the SOP

levels. In the work method, the quality of CPO produced is influenced by how the
raw material enters, the production process, and oil storage.

Machine

Another factor is the machinery used in the production process. Lack of maintenance
of the machines used and that have been operating for a long period of time (overheat-
ing) can make the machine experience a decrease in performance and productivity.

The diagram of the cause and effect of increasing FFA levels in CPO can be seen in

Figure 2.

microorganisms
The environment around the storage

tank is not well maintained

Environment

Growth of

Fruit quality is not good

Fruit that has been
stored overnight

[ Increased Wet Fatty Acid

Work Method

t maximized
not maximize:
\ Standard

Content

The boiling process is Inconsistent machine performance

The boiling process has
not been carried out
according to established
SOPs

No maintenance is done on machines
that are used regularly and the
machine operates too long (overheat)

Figure 2. Diagram of the cause and effect of increasing FFA levels in CPO.

Based on the causal diagram, the factors that cause the increase in FFA levels in oil

come from human factors, the environment, raw materials, methods, and machines. There-

fore the proposed improvements needed to lessen the high levels of FFAs are as follows

1.

Human

The expertise and understanding of employees, operators, and other workers at
PT. XYZ can be improved by holding certified training or training for employees
and conducting performance-related evaluations every month, with assertiveness in
understanding the applicable procedures or SOPs.

Environmental

A well-maintained and clean environment is required, especially at the oil storage
tank station so that FFBs remain in good condition and are not contaminated with
bacteria before distribution. Environmental cleanliness can be chieved by cleaning
every time before starting production and also after finishing production.

Material

The FFBs that are sorted must be in accordance with the maturity level or fraction
that has been determineds and sanctions are also placed if the FFBs sent do not meet
the predetermined standards. Then, to maintain the quality of raw materials after
FFBs arrives at the mill, they must be processed immediately to prevent damage and
mechanical injuries to the fruit and loose fruits.

Method

The work method carried out during the entry of FFBs must be scheduled so that
there is no hoarding of FFBs at the loading ramp so that they can be processed
immedjiately. In the production process, especially boiling, the SOP must be applied
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with a maximum boiling time of 75 min. In addition, it is also necessary to focus on
the temperature and water content during the boiling process so that the level of FFAs
does not increase.
5. Machine

Every machine used on the production floor should undergo routine maintenance so
that it does not interfere with the production process, while also maintaining machine
productivity and gradually replacinge old machine spare parts with new machine
spare parts. In storage, it is necessary to pay attention to the temperature so that the
CPO does not thicken and cool before being tested and distributed.

3.2. Failure Mode and Effect Analysis

The RPN value is calculated at the start of the data processing stage. By determining
the RPN value of each work accident risk, data processing is performed to evaluate the
degree of risk of work accidents using the FMEA approach. The S (severity), O (occurence),
and D (detection) numbers are multiplied to obtain the RPN value.

Based on the increased levels of FFAs in the largest CPO that has been analyzed, the
effects that can be caused can be seen in Table 6.

Table 6. Failure Factors, Effects, Causes, and Remediation Plan.

Factor Failure Mode Cause Failure Current Design Controls
Human Workers do not understand Less trained /new employees Training and coaching
the SOP POy conducted
The environment around Cleaning is carried out before
Environmental the storage tank is not well Growth of microorganisms starting production and after
maintained finishing production
Material Fruit quality is not good Fruit that has }Deen stored Superv1s19n during the
overnight processing process
The bmhr}g process has not The boiling process is not Evaluation of work methods
Work Method been carried out according maximized used
to established SOPs
No maintenance is performed
. . hi h .
. Inconsistent machine on machines that are us.ed Make a maintenance schedule
Machine regularly and the machine )
performance before the production process
operates too long
(overheating)

Based on the assessment criteria with FMEA by providing severity, occurence, de-
tection, and RPN values based on interviews conducted with laboratory assistants and
processing assistants and with analysis based on the reasons for scoring, the result is
displayed in Table 7 below.

Table 7. Risk Priority Number Determination

Factor Severity Occurence Detection RPN
Human 5 4 4 80
Environmental 4 7 4 112
Material 6 8 4 192
Work Method 6 4 4 96
Machine 7 4 5 140
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4. Conclusions

Based on the RPN assessment above, the cause of failure that increase FFA levels in
CPO at PT. XYZ are influenced by several factors, namely humans, the environment, raw
materials, work methods, and machines during the production process, where the results
of the RPN calculation for each factor are 80, 112, 192, 96, and 140. From the results of
the RPN assessment, it can be seen that the highest RPN assessment is for raw materials,
namely 192.

In this way, it is necessary to improve the raw materials used to make CPO. The main
issue is that the raw materials used are left overnight, which causes a decrease in the quality
of the CPO itself. The proposal that can be given is to supervise the fresh fruit bunches
during the processing process, both during inspection and during sorting at the loading
ramp station, and also; by sanctioning the suppliers of PT. XYZ if the fresh fruit bunches
delivered are not in accordance with the agreed standards.
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