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ABSTRACT

This research aims to provide data related to quality cost in improving production
efficiency to achieve optimal profit. This research is a quantitative and qualitative
with a case study approach conducted on Plasma XYZ, using Lean Six Sigma
method, the combination of the DMAI stages (Define, Measure, Analyze, and
Improve). Data collection used were a questionnaire and interviews with staff in
Plasma XYZ. The result of the analysis indicated that the sigma value of broiler
production in Plasma XYZ was 2.82 from the expected 6 sigmas (zero defect)
value. The sigma value affected total revenue due to defects related costs called
COPQ (cost of poor quality) of > 40%. Plasma was targeting standards to be at
least 3 sigma level so that defects can be reduced by around 25-40%, which will
increase plasma revenue by 25-40% from the last revenue. Proposed improvements
used Failure Mode Effects Analysis (FMEA) and 5W+1H. The total defect that
can be tolerated for the DOC 400,000 input, was 26,800. The average value in each
year was 5,360 and the average defects were 1,340 in 1 time harvest. So that
Plasma was expected to reduce the Cost of Poor Quality (COPQ) value to 25-40%
of the total revenue.
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1. INTRODUCTION

The partnership program in the broiler business has been growing for a long time in
Indonesia. The partnership program is between a large company called the core company,
and a number of small companies called plasma, so it is known as the partnership of “inti
(core) and plasma”. Article 1 paragraph (13) Law Number 20 year of 2008 concerning to
Micro business, Small and Medium Enterprises defines "partnership™ as cooperation in
business engagement, both directly and indirectly, based on the principles of mutual need,
trust, strengthening and benefit, involving Micro, Small and Medium Enterprises and Large
Enterprises. That is, the inti-plasma partnership is a partnership pattern in which large
businesses are positioned as the inti (core), while micro, small and medium enterprises are
positioned as plasma; or medium enterprises have the position as the inti (core), while
micro and small enterprises as plasma.

Several big national private companies implementing partnership programs with
farmers. These companies are running poultry businesses (commercial poultry). The
company's main activity is growing Day Old Chicken (DOC) into adult chickens (broiler),
in collaboration with plasma breeders spread across several areas. In this partnership, the
core company acts as a provider of livestock production facilities (sapronak), namely Day
Old Chicks (DOC), animal feed, medicines, and vaccines. Meanwhile, the chicken farmers
(plasma) provide the chicken cage, labor, electricity costs and other costs related to
maintenance to grow the chickens.

Plasma XYZ is one of the broiler farms that runs a partnership business with large-
scale “inti” (core) companies. In conducting partnerships, the income received by Plasma
XYZ fluctuates each period, listed in Table 1.

Table 1. Income Report per Year in 4 Times Harvesting

DESCRIPTION 2017 2018 2019 2020 2021

Sales

Broiler Chicken 3,119,709,576  3,256,846,740 3,287,244,719  3,113,175,520  3,144,506,784

Production Cost 3,437,268,489  3,139,796,091 3,189,187,846 2,823,570,842 2,970,018,193

Total Income (317,558,913) 117,050,649 98,056,873 289,604,678 174,488,591

Source: Plasma XYZ (2021)

In principle, through partnerships when the farmer (plasma) is a partner to inti (core),
price of sapronak and the selling price of chickens has been agreed upon and stated in the
contract, so farmers (plasma) can earn more stable income or it can be said that it is not
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much different from the period of each harvest, when compared to individual farmers with
fluctuating sapronak prices and chicken prices that following the market price. The income
earned by the plasma is the difference between the receipts minus the total costs incurred.
The income earned by plasma will vary according to their ability to allocate the factors
they have. The effort to prevent disease, control the cage's cleanliness and other things that
can reduce the mortality rate of broiler chickens. Besides that, setting the Feed Conversion
Ratio (FCR) is also very important in raising chickens. Because if the FCR obtained is
high, it will have an impact on higher feed costs during the production process. For this
reason, the ability of plasma to manage its business is one of the factors that determines
the achievement of economic efficiency in optimizing plasma's profits. In addition, with
the yields that reach the target both in terms of chicken weight and quantity expected by
the inti (core) company, the plasma will receive an additional bonus which will be adjusted
according to the criteria stated in the contract.

The total cost of production in Plasma XYZ varies, but the highest production cost is
due to the very high cost of feed. This may happen because the FCR does not meet the
target. FCR is the ideal amount of feed needed to produce 1 kg of broiler meat. In the
standard maintenance guidelines by the inti (core) company that cooperates with Plasma
XYZ, it is said that it is good if the FCR is at 1.5-1.6 for chickens at harvest age of 35-42
days. In each stage or phase of the 3 phases of chicken rearing there is a standard rate that
is said to be good for each phase. From the data obtained by Plasma XYZ, it can be seen
that the company's FCR has not reached the target of FCR, so the feed cost is very high
even though the feed cost follows the contract price (does not fluctuate according to market
prices). Apart from that, with a bad FCR, Plasma XYZ does not get additional income or
bonus because it does not achieve the target limit of FCR. Feeding that is inefficient or
does not apply maintenance guidelines has an impact on the weight of the chickens that are
not suitable, resulting in delays in weight promotion in each phase. This, of course, will
impact more feed consumption, impacting a higher FCR.

Apart from the poor FCR, another thing that impacts the sub-optimal income Plasma
earns is the high mortality rate of chickens. The contract states that the plasma will get an
additional bonus if the chicken mortality rate does not reach above 6%. This also affects
the amount of income earned from the sale of chickens and the loss of opportunities to get
additional bonuses. The high mortality rate affects the capacity of broiler chickens received
by the core company as a customer position when harvesting the chickens. Based on
preliminary interviews with production managers, the main issues that need to be
underlined by Plasma XYZ, are the high mortality rate and FCR are supported by the data
in Table 2.

Table 2. Mortality Rate and FCR of Broiler Chicken Production per Year

Period Mortality Rate FCR
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2017 11.11% 2.30
2018 9.05% 2.10
2019 8.97% 2.15
2020 8.75% 2.02
2021 8.68% 2.03
Average 9.41% 212

Source: Plasma XYZ (2021)

In the consumable goods business, the parameters of the problems can be controlled,
in contrast to the poultry business. For example, income in the consumables business can
be accurately predicted for the material costs incurred in the manufacturing process or in
producing these goods, but death and destruction cannot be predicted for the poultry
business. Another thing is that price variations for the consumables business are
predictable, whereas the poultry business is subject to unpredictable variables such as FCR
and mortality.

Previous research discusses the concept of Lean Six Sigma including research by
(Fransiscus, et al., 2019), implementing the six sigma DMAIC method to reduce defects in
paint buckets at PT X, which aims to maintain customer loyalty. This study found the
causes of defects, and recommendations for improvements made to reduce the number of
defects.

(Andriansyah & Sulistyowati, 2020) regarding controlling the quality of Clarisa
products using the Lean Six Sigma method and the FMECA (Failure Mode and Effect
Critical Analysis) method at PT Maspion Ill. Lean Six Sigma identifies and eliminates
waste, while FMECA is used as a reference for companies in taking corrective actions to
identify product critical points in the production process.

Research by (Thomas, et al., 2008), regarding the application of Lean Six Sigma in
SME-based companies. This paper records the design, development and implementation
of the LSS model at company X, and then evaluates its effectiveness. The findings in this
paper propose an integrated approach to the lean and six sigma models. The effectiveness
of this approach is consequently evaluated by highlighting the benefits received by the
organization by measuring the effect of implementation on the company's internal
measures.

Other research related to the agribusiness industry which discusses the concept of Lean
Six Sigma for company production efficiency, namely, Research (Pila & Monroy, 2007),
(Aditama & Imaroh, 2020)uses the Lean Six Sigma model to analyze production efficiency
in chicken farms by applying LSS in egg production in medium-sized companies. In his
research lean production contributes to overcoming the limitations mentioned in the
classification, packaging, storage and distribution phases of the value chain.
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(Aditama & Imaroh, 2020) uses a combined model of Fishbone, Six Sigma - DMAIC,
and FMEA. In this study, at the fishbone stage it was found that there were many defects
in native chickens of a certain age with 3 criteria for defects and causes of defects in native
chicken growth. From these results it was analyzed by FMEA where the highest Risk
Priority Number (RPN) value was the main cause of defects in native chickens.

From these various studies research that supports efficiency in chicken meat
production is still limited. Research related to Lean Six Sigma is limited to implementation
in the manufacturing industry producing goods with measurable units. This is what
prompted researchers to conduct research on the analysis of the application of Lean Six
Sigma in the production supply chain in broiler farming, which aims at production
efficiency for optimal profit achievement in XYZ Plasma, where this object is an SME-
based agribusiness company , but the production results are livebirds where the problem
parameters are more difficult to control. By using Lean Six Sigma (LSS) it is expected to
identify and eliminate waste, reduce defects and inconsistencies, through a define, measure,
analyze, improve, and control (DMAIC) framework, so that the system is more reliable
and predictable and can be continuously improved to reach six sigma.

2. LITERATURE REVIEW
2.1. LEAN CONCEPT

Lean is a philosophy and practice that assumes spending all kinds of resources for any
purpose other than creating value for the end customer to be wasteful, and, therefore a
target for exclusion. This philosophy and lean way of thinking are expressed by a set of
principles, complemented by different tools and techniques, to help eliminate waste,
increase operational performance, reduce inventories, and optimize quality levels for end
customers. which are important and widely used throughout the world to gain a competitive
advantage in world markets (Ciarniene & Vienazindiene, 2015).

Lean is an integrated system of principles, practices, tools and techniques that assumes
that spending all kinds of resources on multiple endeavors for any goal other than creating
value for the end customer becomes wasteful, and therefore targets excluded. Elimination
of non-value added activities reduces costs and cycle times, resulting in agile, customer
responsive and more competitive organizations (Alukal, 2003)

2.2.S1Xx SIGMA CONCEPT

Six sigma is a theoretical and practical technique that aims to assist the design and
execution of projects that deliver accelerated business results in less time, less waste, and
cost-effectiveness (Fernandez & Gadhok, 2018). Another opinion was put forward by
(Tupkar, et al., 2016) that Six sigma is an improvement in the quality of several statistical
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methods to obtain a defect rate method that aims to optimize operations when close to zero.
Six sigma is also a mass improvement eliminating defects and costs. The Six Sigma
approach can be relevant to all fields and industries including methods used to help
businesses achieve high levels of construction due to the quest to improve quality and
eliminate variations between upstream and downstream processes, and error.

Six sigma techniques focus on finding and eliminating process performance variability,
as well as making use of several statistical methods to obtain near-zero defect rates. Six
sigma is also a mass improvement method used to help businesses achieve high levels of
success. The Six Sigma system focuses on customer needs, data, statistical analysis and
continuous improvement (Tupkar, et al., 2016). The main principle of this concept
emphasizes improving process performance and providing added value through discovery
and elimination of process waste (Parekh, et al., 2019).

2.2.1 LEAN SiX SIGMA CONCEPT

Lean Six Sigma (LSS) is a business improvement methodology that integrates two
complementary management philosophies Lean and Six sigma to improve project
management processes by reducing unproductive time and other waste (Fernandez &
Gadhok, 2018). Lean manufacturing focuses on reducing losses but cannot reduce process
variations whereas Six Sigma can reduce process variations but cannot reduce losses or
reduce production time.

Six sigma can be thought of as a business strategy and science that aims to reduce
manufacturing and service costs, and create significant increases in customer satisfaction
and bottom-line savings through incorporating business process statistics and
methodologies into process, product, and service improvement models that are integrated.
In six sigma, customer focus is a top priority and every improvement is determined by its
impact on customer satisfaction and value (Pande, et al., 2002).

Lean Six Sigma integration is achieved by combining the respective methods and
principles of Lean and Six sigma. This combination is called a Define, Measure, Analyze,
Improve, Control (DMAIC) cycle. DMAIC aims to reduce production defects and process
variability, simplify processes, standardize and reduce waste. Apart from DMAIC, Lean
Six Sigma also implements Define, Measure, Analyze, Improve, Control, Verify (DMAIV)
(Thomas, et al., 2008).

The integration of lean and Six Sigma is important because lean focuses on improving
the flow of information and materials between steps in a process and Six Sigma works to
enhance the value added transformation that occurs within process steps. The right mix of
lean and Six Sigma tools is useful for one problem because it depends on the nature of the
specific problem being solved (Antony, 2006).

Currently the application of LSS is not only in the production of consumption of
consumables, but has entered the agricultural industry, namely in improving the quality of
free-range chicken. In this study, it was said that many defects were found in native
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chickens, causal factors, and strategies to reduce defects and increase productivity
(Aditama & Imaroh, 2020).

DEFINE

In the define stage, it is determined what process will be evaluated. Consideration of
the process to be evaluated is the process stages that significantly affect profits for the
company. However, in this process, many product failures and defects were found which
would affect the process and impact the customer (Praharsi et al., 2021).

Meanwhile, according to (Gaspersz, 2002), define is the first operational step in the
Six Sigma quality improvement program. At this stage it is necessary to define several
things related to: (1) Six Sigma project selection criteria, (2) roles and responsibilities of
the people who will be involved in the Six Sigma project, (3) training needs for the people
involved in the Six Sigma project, (4) the key processes in the Six Sigma project and its
customers, and (5) the specific needs of the customer, and (6) the statement of the
objectives of the Six Sigma project.

The issues raised in six sigma must be able to answer the 5W+2H questions (What,
Where, When, Who, Why, How, and How-Much) (Gaspersz, 2002). ‘What’ contains what
are the important issues that need to be resolved, what opportunities or gaps exist, and what
processes or sub-processes are involved. ‘Where’ is the place of the observation is carried
out, department, region, business unit, or something else. ‘When’ is related to the project
implementation time either before or after. ‘Who’, person who is responsible for observing
and solving problems. ‘Why’ is the rational reasons that lead to the need to observe the
problem. ‘How’ is how good observation of data collection, measurement, analysis and
decision making for problem solutions. And ‘How-Much’ is how much the costs will be
incurred, the benefits that will be obtained from this activity, and what negative impacts
may arise if no improvements are made.

MEASURE

At the measure stage, according to (Gaspersz, 2002), is the second operational step in
the Six Sigma quality improvement program, where there are three main things that must
be done in this stage, namely: (1) select or determine key quality characteristics (CTQ) that
are directly related to specific needs of customers, (2) develop a data collection plan
through measurements that can be carried out at the process, output, and/or outcome level,
and (3) measure current performance at the process, output, and/or outcome level to be
established as a performance baseline at the start of a Six Sigma project.

The specified key quality characteristics (Critical to Quality = CTQ) relate directly to
the specific needs of customers, which are derived directly from output and service
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requirements. Before measuring each quality characteristic (CTQ), it is necessary to
evaluate the existing measurement system to ensure its effectiveness over time.

ANALYZE

The analyze phase, according to (Gaspersz, 2002), is the third operational step in the
Six Sigma quality improvement program. At this stage we need to do the following: (1)
determine the stability (stability) and capability (capability) of the process, (2) set
performance targets from the key quality characteristics (CTQ) that will be improved in
the Six Sigma project , (3) identifying the sources and root causes of defects or failures,
and (4) converting many failures into the cost of poor quality (COPQ).

The use of quality costs in Six Sigma programs can follow the following steps: a)
Establish a quality cost measurement system, b) Develop an analysis of the trend of
decreasing quality costs against other measures, such as: the percentage of total quality
costs to sales value, profits, production costs, etc (Gaspersz, 2002).

IMPROVE

At this improve stage an action plan is established to carry out six sigma quality
improvement, after the sources and root causes of quality problems are identified. the
5W+1H method can be used at the development stage of this action plan (Gaspersz, 2002).
Instructions for using the 5W+1H method can be seen in Table 3.

Table 3. 5W+1H method

Types 5W1H Description Action
Main Purpose | What? What is the main target of quality | Formulate targets
improvement? according to customer
— S— _ needs
Usability Why? Why is this action plan needed?
Reason An explanation of the usefulness of the
action plan undertaken
Location Where? Where will the action plan be implemented? | Change the sequence
Does the activity have to be done there? (order) of activities or
When will the action plan activity be best combine activities that
Sequence When? implemented? can be carried out
Can this activity be done later? together
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Types 5W1H Description Action

People Who? Who will work on the action plan activities?
Is there someone else who can work on the
action plan activity?

Why should that person be appointed to do
the activity?

Methods How? How to carry out the action plan activities? | Simplify existing
Is the method used now, the best method? | action plan activities
Is there another easier way?

Source: (Gaspersz, 2002)
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CONTROL

According to (Gaspersz, 2002), this stage is the last operational stage in a Six Sigma
quality improvement project. The results of quality improvement are documented and
disseminated, successful best practices in improving processes are standardized and
disseminated, procedures are documented and used as standard work guidelines, and
transfer of ownership or responsibility is carried out from the Six Sigma Team to the owner
or person in charge of the process.

At this stage, data collection and processing are carried out after repair, making p and
u control charts after repair, as well as measuring DPMO (defects per million opportunities)
and sigma quality level to determine process performance after repair (Fransiscus, et al.,
2019)

2.2.2. FMEA CONCEPT

Failure Mode and Effects Analysis (FMEA) is an analysis technique that combines
technology and experience to identify possible product or process failures and plan to
eliminate the causes of failure (Parsana & Patel, 2014).

According to (Gaspersz, 2002), FMEA is a structured procedure to identify and prevent
as many failure modes as possible. A failure mode is anything that includes defects/failures
in design, conditions outside the specified specification limits, or changes in the product
that cause disruption of the function of the product. By eliminating failure modes, FMEA
will improve the reliability of products and services, thereby increasing customer
satisfaction using these products and services. FMEA can be applied in all fields, both
manufacturing and services, also in all types of products.

According to (Degu & Moorthy, 2014), FMEA has four key parameters for prioritizing
corrective actions, namely: 1. Severity, namely the seriousness of the effect of failure on
the customer, 2. Occurrence, namely the possibility that the cause will cause failure, 3.
Detection, namely the possibility that the current control will detect the cause of the failure
so that it does not reach the customer, 4. Risk Priority Number (RPN), which is the
multiplication of severity (S), occurrence (O), and detection (D). RPN presents priority
process or product improvement. RPN =S x O x D.

2.3. RESEARCH FRAMEWORK

This research aims to analyze efficiency in the context of the supply chain in broiler
production using the application of Lean Six Sigma, which focuses to optimize company
profits. This study used a combination of DMAI stages namely Define, Measure, Analyze,
and Improve. Figure 1 shows the overall research framework of this research.
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Figure 1. Research Framework

3. RESEARCH METHODS
3.1. OBJECT, TYPES & DATA SOURCES

This research was descriptive quantitative and qualitative with a case study approach
conducted on Plasma XYZ. The population taken in this research was "DOC (Day Old
Chicks) to broiler” in Plasma XYZ.

The data used in this research was in the form of primary data obtained from
observations and direct interviews with informants covering the general condition of the
plasma, the applied plasma management and the broiler production business activities
carried out by Plasma XYZ. Interviews and discussions were conducted with production
managers, supervisors, heads of farm, employees, and officers from the core company to
get the main problems related to defects (Define), measure the current Plasma performance
to get the current sigma value (Measure), explore the roots causes of problems or factors
that cause defects (Analyze), and (Improve) develop ideas to get alternative solutions in
order to be able to improve performance or processes so as to increase production and have
an impact on increasing plasma.
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3.2. DATA COLLECTION METHODS

The analytical method used the Lean concept. The Lean method employed was Lean
Six Sigma. Starting with the preliminary stage, it was performed to diagnose problems that
occur in Plasma XYZ. The preliminary stage was carried out by conducting interviews with
the production manager from Plasma XYZ. The questions given in the preliminary
interview were the plasma business flow with “inti’ up to the final sale, responsible
structure, Plasma’s Key Performance Indicators, revenue trends, and factors that cause
fluctuating income in Plasma XYZ.

After completed the preliminary and identified the potential problems, the first step
was Define stage. At this stage, data collection was conducted through discussions with
the production manager and supervisor. Questions were asked to both of them, and both
could answer according to their capacity and knowledge based on their duties and
authorities. Questions at the define stage included but were not limited to the things
mentioned, that were, (1) What are the factors that cause sick, disabled, and dead chickens
in each phase or high depletion rate?; (2) What is the measure or characteristic of
satisfaction for the Core Company?.

The second stage was Measure, after knowing the main factors at the Define stage,
confirmation was carried out by asking the production manager and supervisor for
conclusions or key word points that can be used to describe these factors. These keywords
were used to evaluate the level that most influences in quality problems in Plasma XYZ
production process. The assessment was carried out by distributing questionnaires to
employees in the plasma. The questionnaire was distributed to 8 employees on duty during
the day including the production manager, supervisor and 6 farm staff.

The third stage was Analyze, where a root cause analysis was carried out, and the
standard and actual conditions were translated. At this stage, discussions were held with
production managers, supervisors and officers from the core company. The discussion was
done by developing the causes that had been identified at the define stage and then
analyzing the root causes of the points in the problem based on 6 categories in the fishbone
tools, namely man (labor or farm officers), machines (tools/enclosures), materials
(sapronak), environment, working method, communication, which causes quality problems
(defects) in the production process. From the results of the root cause analysis based on the
actual conditions, it was then discussed how the standard conditions should be, where in
this discussion the three informants each explained according to their capacity and
knowledge. Afterwards, a calculation was accomplished to set the expected process
performance targets with DPMO from the expected sigma level, how many failures can be
tolerated.

The fourth stage, Improve, focused on solving problems with the highest impact. At
this stage, actions were planned to improve six sigma quality using the 5W + 1H stages,
determine the order of improvement, namely the 3 largest sequences based on the RPN
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FMEA method, and design improvement proposals. At this stage, an FMEA assessment
was accomplished by distributing questionnaires to 8 employees on duty that day, namely
the production manager, supervisor, and 6 stable officers, to do an assessment based on the
severity rating, occurrence and detection. The FMEA category assessment was based on
the defect factor obtained from the measure stage and the root cause based on the analyze
stage, namely the fishbone. Then, to get corrective steps in the problem, discussions were
held with the production manager and supervisor. The proposed questions were based on
5W+1H, that were: (1) What is the target for improvement?, (2) Why should repairs be
made?, (3) Where is the repair done?, (4) When can repairs be made?, (5) Who carried out
the repair?, (6) How to make repairs?.

3.3. ANALYTICAL METHODS

The analysis technique or method used the Lean concept to obtain a clear picture of
solving the problems encountered. The Lean method utilized in this study was Lean Six
Sigma. Starting with the Define stage, namely describing problems based on preliminary
research, describing plasma performance index categories, calculating production success
rates during 2017-2021, identifying activities that do not provide added value, identifying
the most influential waste based on production processes, and identifying CTQ (Critical to
Quality).

The second stage was Measure, which summarized the main causes of defects and
provides a ranking for each cause by distributing questionnaires, calculating control limits
and depicting them in the control chart (P-chart), calculating DPU (Defects per unit) and
DPMO (Defects per Million Unit), and finally identification of COPQ (Cost of Poor
Quality) to find out the percentage of lost costs.

The calculation of the control limit used the following formula:
Control Limit (CL) = P (proportion)

Upper Control Limit (UCL) =P + g/ﬁ(ln—ﬁ)

Lower Control Limit (LCL) =P — \3/@

total defect products

Where, P = : .
total inspection products
Formula of DPU dan DPMU calculated as below, Gasperz (2002):

Defect per unit (DPU) - total defect products

total unit sample
total defect products

Defect per Million Opportunity (DPMO) =

—— x 1,000,000
Total Opportuniity

According to Gasperz's explanation (2002), DPU is the number of defects or failures
found in the units produced, or the number of defects or failures per one opportunity, and
DPMO is the average failure of the CTQ per one million opportunities.
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Finally, the Cost of Poor Quality (COPQ) means that once you know the DPMO value,
you can use the sigma table to calculate the COPQ. Six Sigma quality improvement, as
measured by the percentage difference between COPQ and sales, will decrease as sigma
capability increases, as shown in Table 4 below.

Table 4 . Sigma Level Achievements

Sigma Level DPMO COPQ

1 Sigma 691.462 (highly uncompetitive) Uncountable

2 Sigma 308.538 (industry average in Indonesia) | > 40% of sales

3 Sigma 66.807 (industry average in Indonesia) | 25-40% of sales
4 Sigma 308.538 (industry average in the USA) | 15-25% of sales
5 Sigma 233 5-15% of sales

6 Sigma 3.4 (world class industry) < 1% of sales

Source: (Gaspersz, 2002)

The third stage was Analyze, where a root cause analysis iwass carried out from the
cause factors using a fishbone diagram, and the standard and actual conditions were
translated. Then, a calculation was also carried out to set the expected process performance
targets with DPMO from the expected sigma level, how many failures can be tolerated.

The fourth stage, Improve, was focused on solving problems with the highest impact.
At this stage, actions were planned to improve the quality of six sigma using the
5W + 1H stages, determining the order of repairs, namely the 3 largest sequences based on
the RPN (Risk Priority Number) FMEA (Failure Mode Effect Analysis) method, and
designing improvement proposals. At the FMEA stage, the reference score for the
assessment was the criteria for severity, occurrence, and detection.
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Table 5. Severity (S)

Ranking Criteria
Negligible severity (negligible bad influence). We do not need to think about
1 the effect this will have on product performance. End users may not notice these

defects or failures.

Mild severity (mild/little bad influence). The consequences are mild. End users
2-3 will not feel any change in performance and repairs can be made during regular
maintenance.

Moderate severity (moderate adverse effects). The end user will experience a
4-6 reduction in performance or appearance, but is within tolerance. Repairs made
will not be expensive, if there is only a short downtime.

High severity (high bad influence). End users will experience unacceptable
harm, beyond the tolerance limit. Consequences will occur without prior
7-8 notification or warning. Downtime will result in very expensive costs.
Deterioration in performance in areas related to government regulations, but not
related to security and safety.

Potential safety problems (potential safety/security problems). The
9-10 consequences are very dangerous and can occur without prior notification or
warning. Contrary to law.

Sumber : Gaspersz (2002)

Table 6. Occurrence (O)

Ranking Verbal Criteria Failure/Defects
Rate
1 It is unlikely that 'Fhis cause will result in the 1in 1,000,000
failure mode
2-3 Failure will be rare 1in 20.000
1in 4.000
4 1in 1.000
5 Failure is somewhat likely 1in 400
6 1in 80
7 Failure is very likely 1in 40
8 1in 20
9 It is almost certain that 1in8
10 failure will occur 1in2

Sumber : Gaspersz (2002)
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Table 7. Detection (D)

Ranking Kriteria Verbal Tingkat
Kejadian Penyebab

1 Prevention or detection methods are very effective. There 1in 1.000.000
is no chance that the cause may still arise or occur.

2 The likely of it happened is low 1in 20.000

3 1in 4.000

4 The possibility of the cause occurring is still moderate. 1in 1000

5 Prevention or detection methods may sometimes cause it 1in 400

6 to occur. 1in 80

7 The possibility of the cause occurred was still high. 1in40

8 Prevention or detection methods are less effective because 1in 20
the causes are still recurring.

9 The possibility of that cause happened was extremely high. 1in8

10 Prevention or detection methods are not effective. Cause it lin2
will always come back.

Sumber : Gaspersz (2002)

In the fifth stage, due to limited research time, the control stages was not carried out in
this research. This stage is eliminated but suggestions for improvement will be given based
on the results of the analysis carried out at the improve stage. This analysis is expected to
be able to identify inefficiencies to improve inefficiencies in DOC production to become
Final Stock so that in the future it can increase profits continuously in Plasma XYZ.

4. ORGANIZATION PROFILE

Plasma XYZ, in running its business, cooperated with the Partnership Company (Inti)
to make it easier for farmers to obtain or guarantee the availability of production capital,
sapronak or called as sarana produksi ternak. With this system, it made easier for Plasma
XYZ to obtain feed, DOC, medicines, vaccines and other chemical materials for chicken
production or rearing purposes.

Plasma XYZ got relief in terms of production capital, because the sapronak supplied
by the Core (Inti), and the Company would be paid after the harvest period was over. This
means that the payment only deducted from the total selling price of the chickens bought
back by the Core Company to Plasma XYZ. The farm area used a closed house system
with a capacity of 2,000 chickens for one time harvesting in managing the chicken farm.

Plasma XYZ was a small-scale breeder that had a simple organizational structure,
consisting of a plasma owner (owner) who controls all plasma activities, a production
manager who was responsible for production and was tasked with communicating with the
core company, a stable SPV who was responsible for maintenance cages, medicinal feed,
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and other things related to cage needs, as well as handling for cage staff, finally 12 cage
staff who were divided into teams to be responsible for one cage. In managing chicken
farms, XYZ had 4 managed cages. Each cage was held by 3 employees. The head of the
cage, who was in charge of taking care of the cage with a capacity of 5000 head and was
responsible for recording or administrative records of the cage, was assisted by 2 other
children of the cage. Cage administrative records included population numbers, number of
deaths, records of the number of OVK (Chemical Drugs and Vaccines) administration and
matters related to cage administration. The other 9 children of the cage took care of the
cages with a capacity of 5,000 individuals each. The line of coordination and orders shown
from the field controller of the core company to the production manager was a line of
coordination, because the position of the field controller was the supervisor in charge of
supervising and providing input to the production manager in managing the farm.
Production problems wew fully under the authority of the manager.

The flow of broiler production at XYZ Plasma began with a contractual agreement
with the Company to supply sapronak. Plasma received based on the needs or requests of
farmers (Plasma). The final DOC production phase for broilers consisted of the starter
phase, which was 1 day to 7 days old. The second phase was the Grower phase, which was
8 days to 21 days old. Then, the Finisher phase, which was at the age of 21 days until the
harvest was around 30-45 days.

5. RESULT AND DISCUSSION
5.1. DEFINE

The major efficiency issues in the business of Plasma XYZ, were the mortality rate
and feed conversion ratio (FCR). Defects in broiler chickens were included in the mortality
rate. Defect, rejected or sick chickens were not be able to survive because it was difficult
to compete with other chickens both in getting food or drinks. If they survived, they could
not be sold or they would be harvested earlier to reduce the density of the cages. In this
case, the mortality rate set by the core company as a standard was not more than 6%.
Because if the mortality rate was higher or more than 6%, it would affect the number of
chickens that are resold to the core company. Despite the fact that it will have an impact
on plasma, which will suffer losses due to less quantity sold, and the demand for chickens
for the core company is also reduced,.

Furthermore, another issue was related to the high FCR. FCR is the amount of feed
needed to produce 1 kg of chicken meat. This high FCR affected the cost of feed
production. The lower the FCR, the less feed was needed to produce 1 kg of chicken meat,
which means more efficient use of feed. The lower the FCR also had an impact on
producing the ideal chicken weight. The ideal chicken weight was the weight of the chicken
that was above 1 kg, not less but not much more than 2 kg in weight. Because the heavier
the weight of the chicken, the selling price of the chicken would be lower which would
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affect the income of farmers where the market required a standard price for the chicken, if
it was too heavy then the price would be more expensive so it could not sell well in the
market.

Plasma XYZ, like other farms, used indicators to measure their business's success or
productivity, such as FCR, Body Weight (BW), Harvest Age, Depletion Percentage, and
Performance Index (IP). In terms of high FCR, it was one of the effects of the late
achievement of body weight for broiler chickens and also affected the length of the harvest
age from the standard. In relation to the two issues, high FCR and Mortality Rate affected
the IP of the production, because the IP calculation was based on four indicators: FCR,
BW, Harvest Age, and Depletion Percentage.

Table 8. Number and success rate of XYZ Plasma Production

Years Production Defect Percentage of Perfect Production
@) (b) (© () = [(c) - (d)]/(c)x100

2017 71,116 8,884 87.51

2018 72,760 7,240 90.05

2019 72,828 7,172 90.15

2020 73,000 7,000 90.41

2021 73,060 6,940 90.50

Source: Processed data from author (2022)

Based on the data from Plasma XYZ and calculations result, the success rate of plasma
production can be seen in Table 8 above. In Table 8, it can be seen that there was an increase
in the quality of production from plasma so that the depletion rate decreased and increased
the success rate in production. Even though the level of perfection (percentage) from
Table 5 was quite good, it should be underlined that the average of 9,41% depletion rate or
mortality rate as seen on Table 2 was still quite high which also had an impact on the rate
or value of other KPI’s. Thus, the main factor that needs to be underlined is the level of
depletion or which is categorized in mortality or is called a defect.
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5.2. MEASURE

From the issues that had been explained at the Define stage, and based on confirmation
to staff in Plasma XYZ, it can be summarized into 6 categories that caused defects and are
ranked based on the assessment of 8 plasma’s staff, as follows:

Table 9. The score for the assessment of the cause of the defect

No Cause of Defect Average Score Ranking
1 DOC Quality 4.75 1
2 Environment 3.75 3
3 Genetics and Diseases 4.75 1
4 Employees Experience 3.50 4
5 Maintenance Management 4.62 2
Communication with the
6 Controller 3.25 5

Information: score 1 = very unimportant, score 2 = not important, score 3 = quite important, score 4 = important,
score 5 = very important

Source: Processed data from author (2022)

1. Control Map (P-Chart)

After the waste was identified, it was necessary to identify the causes of quality
problems. This can be done with a control chart (P-chart) where it will be known whether
the defect is still within the control limits or not.

Table 10. Calculation of CL, UCL, LCL

Year | Production Depletion/ Proportion CL UCL
Defect
2017 80,000 8,884 0.11105 0.09309 0.06000
2018 80,000 7,240 0.09050 | 0.09309 0.06000
2019 80,000 7,172 0.08965 0.09309 0.06000
2020 80,000 7,000 0.08750 0.09309 0.06000
2021 80,000 6,940 0.08675 0.09309 0.06000
Total 400,000 37,236

Source: Processed data from author (2022)
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Figure 2. P-Chart

Source: Processed data from author (2022)

The graph shows variations in defects where in 2017-2021 the proportion exceeded the
upper limit set by the core company, which means it was very bad. In 2017, defects were
far beyond the population average control limits and upper control limits based on the
maximum standard of tolerance. However, in the following year there had been
improvement from management for the defect rate which was quite high since 2017,
although it was still far beyond the upper limit. For this reason, significant improvements
are needed considering that the sigma value or plasma performance is still below the
average sigma value.

2. DPMO and Sigma calculations

The next step was to measure process performance by calculating DPMO and six sigma
quality level.
The DPMO value was calculated based on the number of product defects = 37,236

Defect per unit (DPU) = Total defect production _ 37,236 = 0.09309

Total of unit sample ~ 400,000
- . Total defect production
Defect per Million Opportunity (DPMO) — x 1,000,000
Total Opportuniity
37,236

= x 1,000,000 = 93,090
400,000

Based on the result of calculation above, and because in sigma conversion table there
was no value of 93.090, calculations can be used by interpolation, the upper and lower
DPMO limits where the value of 93.090 iwass in the middle (Gaspersz, 2002).
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The upper value for DPMO was 93.418, conversion value based on the sigma table
(Gaspersz, 2002) = 2.82
The Lower value for DPMO was 91,759, conversion value based on the sigma table
(Gaspersz, 2002) = 2.83

S0, X = 2.83 + (201759 ¥ (2.82 — 2.83) = 2.822
93,418-91,759

The sigma value of broiler chicken production in XYZ Plasma was 2.82, which was far
from the expected 6 sigma (zero defect) value.

3. Cost of Poor Quality

Cost of Poor Quality (COPQ) is a wasted cost due to a defect. Costs that are wasted in
this plasma are costs due to defects that lose the potential income and increased feed costs
due to depletion losses. The results of the dramatic quality improvement, as measured by
the percentage between COPQ (cost of poor quality) to sales are shown in Table 4.

Based on sigma calculations using the sigma conversion table, (Gaspersz, 2002),
a sigma value of 2.82 was obtained and affected total revenue due to defects related costs
called COPQ of > 40% based on Table 4. In this case, Plasma can still increase standards
to at least be at a level sigma 3 (in the middle) so that defects can be reduced by about 25-
40%, which will increase plasma revenue by 25-40% from the last income.

5.3. ANALYZE
In this stage, we investigated the causes of the problems that occurred, as described in
the define stage and based on the measure stage in Table 9. A fishbone diagram was used

in this analysis process based on discussions with the manager, farm supervisor, and core
enterprise controller.

Warking
Method

Figure 3. Fishbone Diagram of Broiler Chicken Defect

Source: Processed data from author (2022)
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Fishbone root caused were based on the factors causing the defects that had been
described and ranked based on the assessment of the distributed questionnaire. Fishbone
diagram which described the factors that cause defects can be seen in Figure 3.

Based on the condition factors on the fishbone, the focus of improvement will be
carried out referring to the results of the analysis of factors causing defects based on
potential CTQ.

Setting expected performance targets can be done first before recommending
improvements. Plasma XYZ had a sigma of 2.82 in the performance calculation. In this
case, Plasma can still raise the sigma value to 3, which was in the middle of the range. The
DPMO value was 67,000 if the sigma value was 3. The allowed defect value was set to:

Defect per Million Opportunity (DPMO) x 1,000,000 =

Total defect product

Total Opportuniity

@ _ 41,000,000 = 67,000
400,000

2.5 (x) = 67,000
(X) = 26,300

5.4. IMPROVE

In Lean Six Sigma method, after carrying out the stages of identifying the causes of
quality variation, alternative solutions can be developed and the solution that producing the
best performance can be selected. In carrying out process improvements, the
recommendations given were through two events using the 5W+1H and FMEA methods.

FMEA assessment was completed by giving a quantitative value to each identified
factor. The scoring was done through discussion with the team, SPV, controller and several
farm staff. Each potential cause was identified based on the severity, occurrence, and
detection ratings, which were then calculated to obtain an RPN (Risk Priority Number)
value.

Based on Table 11, the largest RPN value was 336. Of the four causes which were
summarized from the results of the cause assessment score in Table 9 and fishbone diagram
Figure 3, it was simplified to 4 in the FMEA in Table 11, because the causes were
interrelated based on the interview with manager of Plasma XYZ. For the effect of failure,
the focus will be on the 3 highest values, where for the category of communication and
staff, concurrent repairs will be carried out which is the responsibility of the controller.
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Table 11. Calculation of Failure Mode and Effect Analysis
Factorg Causing Root Qauses of Result of Failure RPN | Rank
Failure Failure
The DOC quality DOC quality super is They are susceptible to 336 1
sent is not super unavailable disease because of their
quality or a genetics, causing illness,
combine with other stunting (disability), and even
grades death
Poor Maintenance Lack of SOP Errors in setting the brooder, 150 2
Management understanding due to | sensitivity to the condition of
short training and less the chickens cause stunted
work experience chickens (defects), even death
Communication and | - Cooperation between mistakes in handling the 18 4
Staff staff is lacking due to chicken condition
frequent replacement
of new staff
- Not communicate
problems to controller
Environment, Poor sanitation, cause dirty and chicken cold 125 3

weather and
temperature
humidity

extreme weather and
high humidity outside

or too stuffy so that the
chicken potentially attacked
by disease

Source: Processed data from author (2022)

To provide recommendations for improvement, discussions and interviews were held
with production managers and cage/farm supervisors. The method used as the basis for
interviews and discussions was 5W+1H as mentioned in Table 12. The steps for solving
the problem which were detailed and alternative solutions for improvement were sought
were taken from the root causes of the problems which had been summarized during the

FMEA assessment and which have also been summarized in Figure 3.

The summary of interview results and discussion of improvement proposals can be
seen in Table 12. It was hoped that the proposed improvements will serve as a guideline
for plasma to achieve better performance and as a reflection to continue to make
improvements in any gaps that require improvement, especially the problems that had been

detailed and presented in this research.
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Table 12. Proposed Improvement by using 5SW+1H

What Why Where When Who How
Where .
What is the Why the | Whenthe | Whois
. . improve- | responsible How to do
Rank Problems target for improvement | improve- ments for the the imorove-
RPN ro improv- should be ments hould b . P
ement made should be | S"o4id be improve- ments
made ments
made
1 Unavailable Communi- DOC with Communi | Beginning | Production Doing
the quality cation grades below | cation of the Manager Approach to
super of between are between period or Inti to
DOC and Plasma and susceptible to | Productio | before prioritize
male Supplier (Inti) | genetic n Manger | chick in getting SupeR
chickens diseases that and quality of the
cause illness, Supplier DOC and
stunting (Inti) Male chicken,
(disability), communicate
and even then request
death. or lobby the
And hens are Company
vulnerable (Inti) to be a
and the prioritize in
growth is getting good
often not quality
optimal to
achieve the
targeted
weight
2 Less The Less of All the Before Production Training,
understand- understandi- sensitivity to staff at the | chick in Manager Briefing and
ing in SOP, ng of each environmental | farm refershment of
short training | staff about conditions especially the SOP
and less work | thes SOP, needed by junior production
experience especially for | chickenssoit | staff
junior staff will impact to
the risk of
disease
3 Lack of Commun- Bad recording | Each team | Before Production Training and
cooperation ication of each | in changing Chick in Manager Briefing, also
and staff in the shifts will and before | with staff recording
communica- | team potentially changing improvement
tion lead to shifts at
repetition in work
work which
also impacts
on time
efficiency and
the possibility
of giving
more feed
resulting in
waste of feed

Source: Processed data from author (2022)
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Table 12. Proposed Improvement by using 5W+1H
What Why Where When Who How
Where .
What is the Why the | Whenthe | Whois
. . improve- | responsible How to do
Rank bl target for improvement | improve- ts for the the improve-
RPN Problems improv- should be ments men . Imp
ement made should be should be improve- ments
made ments
made
4 Bad Cage Chickens are All cage When Junior staff | Each shift to
sanitation cleansing easier to get area needed who are cage must be
periodically sick due to and looks | inexperienc- | accompanied
and improve poor dirty ed will be by a senior
the cage sanitation, in assisted by officer to help
ventilation addition to senior staff | and control.
having an who are The cage is
impact on the more cleaned by
growth of sensitive to | replacing the
chickens that the dirty or damp
is not optimal environment | bedding
conditions (chaff)
Weather, Cage Cause dirty All cage When Production Communicati
high Modification and chicken area conditions | managerto | on between
temperature to adjust the cold or too are not purchasing managers and
and humidity | temperature stuffy so that ideal with | staff purchasing
based on the the chicken normal staff for
conditions of has the conditions material
the chickens potential to requests
get sick

Source: Processed data from author (2022)

6. CONCLUSION AND DISCUSSION

This study aimed to provide data related to how to achieve cost efficiency in order to
achieve optimal profit. Based on the data collection results from questionnaires and
interviews with Plasma XYZ employees, the analysis results are as follows: (1) At the
Define stage, it was known that the main problem was the mortality rate and FCR. The
high FCR was one of the effects of the late achievement of body weight for broiler chickens
and also affected the length of harvest from the standard. These two issues also affected
the Performance Index (IP), which was the calculation of IP based on four indicators,
namely Feed Conversion Ratio (FCR), Body Weight (BW), Harvest Age, Depletion
Percentage. (2) At the Measure stage, the 6 main causes of defects in broiler production
were ranked, that was DOC quality, environment, genetics and disease, staff experience,
maintenance management, and communication with the controller. In the DPMO (Defect
per Million Opportunity) calculation results, the sigma value of broiler production in
Plasma XYZ was 2.82 from the expected of 6 sigma (zero defect) value. The sigma value
affected total revenue due to defects related costs called COPQ (cost of poor quality) of >
40%. Plasma was targeting standards to be at least of 3 sigma level so that defects can be
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reduced by around 25-40%, which will increase plasma revenue by 25-40% from the last
revenue. (3) At the Analysis stage, the cause and effect of the problem was carried out.
Based on the condition factors on the fishbone, the focus of improvement will be carried
out referring to the results of the analysis of the factors causing the defects based on the
potential CTQ that had been ranked. Before giving recommendations, the DPMO was
calculated for the minimum target of sigma 3, which results in a total defect for the DOC
400,000 input, which was 26,800 that can be tolerated. The average value in each year was
5,360 and the average defects was 1,340 in 1 time harvest. So that Plasma was expected to
reduce the COPQ value to 25-40% of the total revenue. (4) In the Improve stage, the
method used were 5W+1H and FMEA methods. Based on the results of the assessment
with FMEA, the largest RPN value was 336, of the four causes, which were summarized
from the results assessment of the causes defects, the fishbone diagram, and standard versus
actual conditions table that was simplified to 4 in FMEA, because the causes were
interrelated. For the effect of failure, the focus will be on the 3 highest values, where for
the category of communication and staff, concurrent repairs will be carried out in which it
is the responsibility of the controller.

Limitations in this research is the implementation of Lean Six Sigma is only limited
to the DMAI (Define-Measure-Analyze-Improve) stage, where the Control stage is handed
over to the plasma so that in this study we cannot see the results of improvement
implementation and determine the effect of improvements made using the Lean Six Sigma
method. Based on the conclusions above, the suggestion for plasma is to make gradual
improvements based on the causes factors described in this research to smooth the
production process and save production costs. For future research, research to the Inti
(Core) Company would be richer, where the Company has its own farm for rearing into
broiler chickens, in addition to partnering with small farmers.
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