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Abstract

The quality of Robusta coffee green beans is a concern for Kahyangan Agroindustry in
order to maintain good quality performance and customer satisfaction. However, the
problem that occurs is that the quality of green beans produced has increased the
proportion of defects and decreased the proportion of good quality types. The more
defective green bean quality produced can have an impact on the company in terms of
profit and customer satisfaction, which may cause the company to lose its market share
and cannot compete with other producers. One way that Kahyangan Agroindustry can
enhance competitiveness within the coffee supply chain is by controlling the quality of
green beans through effective quality management practices, including the Statistical
Quality Control (SQC) method. This study aimed to analyze the quality control of green
beans using the SQC method at Kahyangan Agroindustry. The data used were 68 samples
with green bean production from July to September and from 2021 to 2023. The results
show that there are 7 points out of 68 points outside the upper and lower control limits, so
it can be said that green bean quality control is not statistically controlled. The causal
factors include the low quality and quantity of coffee cherries, inadequate oversight of
labor, insufficient inspection of machine components, and suboptimal management of
processing methods. As for the proposed corrective actions, they include plant
maintenance or rejuvenation, workforce training and socialization, providing standard
operating procedures (SOPs), detailed instructions, and supervision throughout each
processing stage to address these factors and minimize defects in green beans.

1. Introduction

quality is essential to ensuring product competitiveness,

Coffee commodity is one of the commodities from
the plantation subsector that plays an important role in
the national economy as a source of foreign exchange.
Coffee commodities not only act as a source of foreign
exchange earnings, but also provide employment
opportunities and become a source of income for farmers
and other economic actors involved in the cultivation,
processing, and marketing of processed coffee products
(Wahyudi et al, 2018). Indonesia's achievement in
increasing coffee production and exports in 2022 is a
challenge for Indonesia in maintaining and improving
the quality of coffee produced in order to compete with
other producing countries (Badan Pusat Statistik (BPS),
2023). Good quality coffee can increase the country's
foreign exchange through exports and maintain
consumer satisfaction. In the context of coffee supply
chain management, maintaining consistent green bean
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customer satisfaction, and market sustainability. Quality
coffee can also increase profits and maintain the
company's image. For this reason, companies must
produce green bean products with high quality and
competitive prices in order to compete with other
producers by implementing an appropriate quality
control system to maintain green bean quality. Based on
research conducted by Norazlin et al. (2023), Robusta
coffee (Coffea robusta) green bean has the highest
chlorogenic acid (CGA) content among other types of
coffee, where the content is known to maintain blood
sugar levels and blood pressure effectively. In line with
the results of these studies, the Robusta type green bean
is one type of coffee that is beneficial to the body, so
consumers will prefer to consume Robusta coffee green
bean types. Therefore, it is important to maintain and
improve the quality of green beans produced. One of the
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companies that cultivates Robusta coffee and processes it
into green beans is Kahyangan Agroindustry, which is
located in Gunung Pasang Plantation, Jember Regency.
The agroindustry is one of the agroindustries under the
auspices of ‘Perumda Perkebunan’ - the regional
government plantation enterprise of Jember District.

Green beans produced from Kahyangan
Agroindustry of ‘Perumda Perkebunan’ through full
wash or wet processing method are called Robusta Wet
Process (R/WP). The quality of green bean types with
the R/WP category produced is divided into 2 types,
namely good quality and defective. The quality of green
beans classified as good quality includes R/WP 1 with
several sizes: S, M, and L. Meanwhile, green beans with
defective quality include R/WP 4, R/WP B, and R/WP
Menir. The problem that occurs is that Kahyangan
Agroindustry has experienced a decrease in green bean
production caused by a decrease in coffee cherry
production in Gunung Pasang Garden, which can be seen
in Table 1.

Based on the green bean production data in Table 1,
there were fluctuations in the amount of green bean
production from 2018 to 2023 and even a drastic decline
in 2023. Although production rose in 2021, leading to an
increase in high-quality grades by 38,640 kg, the
proportion of high-quality grades fell by 2.86% to
80.52%. This production boost in 2021 was short-lived,
as production declined again and defect rates rose in
2022 and 2023. In addition, the problem experienced by
Kahyangan Agroindustry is the increasing proportion of
defective quality types and the decreasing proportion of
good quality quality which can be seen in Table 1, so
that this has an impact on customer satisfaction and
company profits. Thus, the company needs a quality
control analysis using the Statistical Quality Control
(SQC) method to reduce defects in green beans. One of
the objectives of quality control is that the final product
produced can achieve predetermined quality standards
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(Heizer and Render, 2013). The statistical quality control
method, or SQC, is a problem-solving technique used to
monitor, control, analyze, manage, and improve products
(Cawley and Harrold, 1999). Based on research
conducted by Andriani (2017), Desianti (2018), and
Pardede and Sinaga (2020) using the SQC method, if the
control of the production process is not optimal so it
needs to be analyzed for causes using a fishbone diagram
and proposed corrective actions. The results of the
analysis of causal factors from the other three studies
were analyzed using a fishbone diagram consisting of 4
categories of causes, namely raw materials, labor,
machine, and method. Based on the problems that occur
at Kahyangan Agroindustry, this study aims to analyze
the quality control of Robusta coffee green beans using
Statistical Quality Control (SQC) and the causes of
defects using fishbone diagrams.

2. Materials and methods

This study employed a descriptive quantitative
research design, relying on observational data to analyze
green bean defects. A total of 68 defect data points were
collected from a daily recorded total bean production of
102,902 kg between 2021 and 2023. Data sufficiency
was verified through a data sufficiency test to ensure an
adequate sample size for accurate analysis. The sample
data were processed using Statistical Quality Control
(SQC) techniques, which are advantageous because they
provide a structured, systematic approach to identifying,
analyzing, and addressing process-related defects. SQC
helps monitor production quality in real-time, enabling
proactive  problem-solving to improve product
consistency and minimize waste.

The research data were analyzed using various SQC
tools, including check sheets, Pareto diagrams, scatter
diagrams, control charts, and fishbone diagrams. Check
sheets were used as simple data recording tools to
organize defect occurrences in a structured format.
Pareto diagrams prioritized defects by illustrating which

Table 1. Robusta green bean quality at Kahyangan Agroindustry (kg) in 2018-2023.

Quality of green bean type (kg)

Production
Year quantity R/WP 1 prQogziti}(’m Growth Quality defects I;rfogsgi)n Growth
(ke) (ke) RWP 1 (%) R@g * Eﬁg Mmig) defects ((yyo) (%)
2018 74,841 55,127 73.66 0 12,819 6,895 0 26.34 0
2019 131,508 111,678 84.92 15.29 9,529 10,301 0 15.08 -42.76
2020 44,539 36,919 82.89 -2.39 5,120 2,500 160 17.47 15.84
2021 47,989 38,640 80.52 -2.86 4,880 4,380 89 19.48 11.53
2022 41,093 31,508 76.67 -4.77 5,538 3,967 80 23.33 19.73
2023 13,820%* 9,680 70.04 -8.65 2,480 1,580 80 29.96 28.43
Amount 353,790 283,552 40,366 29,623 409

* temporary data
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defect types are most frequent, following the Pareto
principle that a small number of causes often lead to the
majority of issues. Scatter diagrams explored potential
correlations between variables such as temperature or
humidity and defect rates. Control charts monitored
process variation over time, indicating whether the
production process was stable or subject to significant
shifts. The fishbone diagram was used to visually map
potential root causes of defects, grouping these into
categories such as manpower, methods, machinery, and
materials.

For the fishbone diagram analysis, two key
informants were selected based on their roles and
responsibilities in overseeing the green bean processing
at Kahyangan Agroindustry: the Head of the
Agroindustry and the Processing Engineering Assistant,
who also served as the Quality Control Officer. These
informants provided valuable insights into the causes of
defects based on their expertise in managing the green
bean processing stages, from raw material reception to
sorting and quality assurance.

In the context of this study, certain defect categories
such as R/WP 4, R/WP B, and R/WP Menir (broken/tiny
rice pieces) were highlighted. These terms refer to
different grades of defect severity related to the size and
quality of the broken beans. R/WP 4 represents a higher
grade of defect, while R/WP Menir indicates smaller,
more fragmented pieces. These classifications were
considered in the analysis to ensure a comprehensive
understanding of the types and severity of defects
encountered during processing.

Data were interpreted by identifying defect patterns,
determining the significance of each defect type, and
analyzing root causes. The Pareto diagrams were used to
prioritize the most frequent defects, while scatter and
control charts monitored process stability. The fishbone
diagram further explored potential causes of defects,
offering a deeper understanding of the factors
contributing to green bean quality This
combination of methods provided a comprehensive
understanding of both the frequency and root causes of
green bean defects.

issues.

3. Results and discussion
3.1 Check sheet

The check sheet is the initial stage in the analysis
using the Statistical Quality Control (SQC) method. It
facilitates the data collection process and subsequent
analysis calculations. In this research, the check sheet
was developed based on the secondary data collection of
green bean production quantities, numbers of good
quality types (R/WP 1 S, M, L), numbers of defective
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types (R’'WP 4, R/WP B, and R/WP Menir), and
production dates. The data collected via check sheets
indicate that Robusta green bean processing occurs from
July to September each year, totaling 102,902 kg of
production. The timeframe covered in the check sheets
spans from 2021 to 2023. Over the past three years, there
has been an increase in the proportion of green bean
defects, as depicted in the line diagram in Figure 1.

Figure 1 shows an increase in the proportion of
defective green bean quality from 2021 to 2023. The rise
in both the proportion and number of quality defects in
green beans is a significant issue for Kahyangan
Agroindustry. In line with previous research by
Simatupang et al. (2021), the increase in the number of
quality defects in Robusta coffee beans is attributed to
suboptimal quality control that does not meet company
standards, necessitating an optimization of quality
control measures. Three types of quality defects
identified in green beans at Kahyangan agroindustry are
R/WP 4, R/WP B, and R/WP Menir. From 2021 to 2023,
it was observed that the production of green beans with
the quality type R/WP 1 totaled 79,828 kg, while those
of the quality type R/WP 4 and R/WP B were 12,898 kg
and 9,927 kg, respectively. The production amount for
the R/WP Menir type was notably low at 249 kg. The

Proportion of quality defects (%)
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B 200

= 20% 73 30
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2021 2022 2023

Figure 1. Line chart of the quality proportion of defect types
in 2021-2023.

percentage distribution of green bean production by
quality type is illustrated in Figure 2.

Figure 2 shows that the overall total percentage of all
defective qualities, consisting of R/WP 4, R/WP B, and
R/WP Menir, is 22.42% with a total production of
23,074 kg in the last 3 years from 2021 to 2023. Based
on this value, the percentage of defective quality types is
relatively small when compared to the percentage value
of good quality types. This means that the overall level
of green bean defects in the last 3 years can be
considered to be quite small. Thus, it can be concluded
that the overall amount of green bean production with
good quality types is greater than that of defective types.

Before proceeding to the next stage of analysis, it is
necessary to first test the adequacy of the data to
determine whether the data used is sufficient. The level

© 2026 The Authors. Published by Rynnye Lyan Resources
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of confidence (Z) used is 95%, and the significance level
() is 5% which can be seen in Table 2.

Table 2 reveals that the N' value of 278 data points is
smaller than the number of green bean defects used in

Green bean quality (%0)

ER/WP1 sR/WP4 sR/WPB =R/WP Menir
9.65% 0.24%
1253%__ omr
77.58%

Figure 2. Robusta coffee green bean quality pie diagram 2021-
2023.

this study, which totals 23,074. Consequently, it can be
concluded that the sample data is sufficient for further
analysis.

3.2 Pareto diagram

Pareto diagrams in this study are used to identify the
most dominant defects in Robusta green bean quality,
thus prioritizing problem-solving efforts. Additionally,
these diagrams help determine the frequency of each

Pareto chart of quality types of green bean defects
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Figure 2. Robusta coffee green bean quality pie diagram 2021-
2023.

defect type, ranking them from most to least frequent
with the assistance of a statistical software. The results
from the Pareto diagram analysis are depicted in Figure
3.

Figure 3 indicates that the defective quality
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constitutes less than 80% of the total issues, with R/WP
4 being the most dominant, accounting for 12,898 kg of
production and 55.9% of the defects. According to the
Pareto principle, which posits that roughly 80% of
consequences arise from 20% of the causes (Sunarto and
Wabhito Nugroho, 2020), the R/WP 4 type represents a
crucial 20% of the causes, often overlooked yet
responsible for 80% of the low-quality green beans
produced. This situation necessitates immediate
corrective actions. The second most common defect type
is R/WP B, making up 43% of the defects, while the
rarest is R/WP Menir (small broken pieces) with a
proportion of only 1.1%.

3.3 Scatter diagram

According to Rosyidi and Narto (2022), scatter
diagrams or commonly called scatter plots, are used to
determine the relationship or correlation between two
variables. If the coordinate points are close to the curve
line, it indicates that the two variables are
interconnected. Conversely, if the coordinate points
diverge from the curve line, the variables are not
interconnected. In this study, the two variables analyzed
are the amount of green bean production, represented as
the x variable, and the proportion of green bean defects,
represented as the y variable. The results of the scatter
diagram analysis, facilitated by statistical software, are
presented in Figure 4.

Figure 4 illustrates that the relationship between the
amount of green bean production (x variable) and the
proportion of green bean defects (y variable) follows a
negative pattern. This indicates that a decrease in the
amount of green bean production is associated with an
increase in the proportion of green bean defects, and vice

versa. The curve line demonstrates an inverse

Scatterplot of green bean defect proportion vs green bean production quantity
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Figure 4. Scatter diagram of Robusta coffee green bean
production quantity and proportion of green bean defects in
2021-2023.

Table 2. Robusta coffee green bean defect data sufficiency test results.

Product Production Number of Average defects’ Data sufficiency
! quantity (kg) defects (kg) proportion test (N")
Green Bean 102,902 23,074 0.224 278
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relationship. This pattern reflects field conditions where
a reduction in the quantity of coffee cherries necessitates
fewer laborers, leading to less optimal supervision during
the processing phase, especially in sorting the coffee
cherries. Inadequate sorting, often due to insufficient
supervision, results in inferior coffee cherries proceeding
to wet processing. This leads to an increase in defects in
the green beans produced. If the sorting process is
optimal, defective coffee cherries would be identified
and separated for processing using the Dry Process
method, preventing them from impacting the overall
quality of the green beans.

3.4 Diagram control

The use of the p-control map aims to determine
whether the Robusta green bean production process is in
a controlled or uncontrolled state. That is, if the green
bean production process is under control or does not
exceed the Upper Control Limit (UCL) and Lower
Control Limit (LCL), it can be said that the green bean

production process is optimal. However, if the
P chart of green bean defects

10]
081

£ 064

g UCL=0.504

£ 04
02 P=0.224
0.0 LCL=0

Sample

Tests are performed with unequal sample sizes.

Figure 5. Control map of Robusta coffee green bean defects
for 2021-2023.

production process is out of control or exceeds the UCL
and LCL limits, it can be said that the production process
is not optimal and needs corrective action. The following
results of the p-control map analysis are shown in Figure
5.

Figure 5 shows that the dot pattern in the control
map looks fluctuating and irregular. The number of
points of the proportion of defects that cross the upper
control limit (UCL) and lower control limit (LCL) in a
fluctuating manner indicates that there is variation in the
proportion of defects in green beans. The fluctuating
defect proportion point is an indication that the green
bean production process is not optimal and unstable.
This is because the level of the proportion of defects
varies and causes the control map results to fluctuate, so
that the green bean production process is in a statistically

https://doi.org/10.26656/{r.2017.10(3).166
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uncontrolled state. In addition, it can also be seen on the
control map that there are only 8 points out of 68 points
that are within the control limits, so it can be said that
controlling the quality of green beans using the
Statistical Quality Control method shows that the green
bean production process at the Kahyangan agroindustry
of ‘Perumda Perkebunan’ is not optimal. The green bean
production process, which is indicated to be not optimal,
requires corrective action by first determining the cause
and effect of the green bean defect.

3.5 Fishbone diagram and proposed corrective actions

The fishbone diagram is used to identify the root
cause of a major problem, which in this study is an
increase in the proportion of Robusta green bean defects.
The fishbone diagram is also the final stage of the
Statistical Quality Control (SQC) analysis which is
expected to optimize quality control for green beans and
reduce the proportion of defects in green beans. There
are 4 categories used in the fishbone diagram consisting
of raw materials, labor, machinery, and methods. The
results of the fishbone diagram identification of defects
in green beans are shown in Figure 6.

Figure 6 shows some of the causes of the four
categories in the fishbone diagram. One of the categories
of factors causing these main problems is raw materials.
According to Rucitra and Amelia (2021), raw materials
are one of the determining factors for the success of the
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Figure 6. Fishbone diagram of Gunung Pasang factory
Robusta coffee green bean defects.
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production process so companies must be careful in
choosing the raw materials used for the production
process. The cause of the raw material category is the
low quality of the coffee cherries as a result of being
attacked by pests and diseases, physiological immaturity,
and contamination with dirt. In addition, another cause of
the raw material category is the decreasing quantity of
raw materials used. The raw material used in the green
bean processing process is Robusta coffee cherries that
are physiologically ripe. The decrease in the quantity of
raw materials is due to the lack of plant care and
maintenance, and the absence of plant rejuvenation.
Furthermore, the cause of the labor category is the low
quality of coffee cherries that are picked due to low
picking wages. Then, another cause is the low quality of
coffee sorting caused by a lack of supervision. The next
cause is the negligence of the controlling function of
each processing process caused by a lack of focus and
training. Lack of control, especially in the use of
machines, can result in product defects (Sucipto et al.,
2022).

The last cause of the labour category is a lack of
understanding of the processing process caused by a lack
of socialization and training. This is in accordance with
the results of research by Sufa et al. (2019), that the
cause of product defects in the labor category is also the
lack of skills and motivation of the workforce. In the
machine category, there are several causes that are
classified based on the type of machine. The cause in the
vish pulper machine category is that the knife is too
tight, which results in broken coffee beans, then the
bubble plate is torn due to the large number of stones
being ground. The cause in the raung washer machine
category is a separator that does not function properly,
resulting in contaminated coffee beans. The cause of the

Salsabila and Aji / Food Research 10 (3) (2026) 224 - 231

mason dryer machine is a jammed generator and an
unstable heat source resulting in low coffee bean
moisture content. The cause in the huller machine
category is a blunt knife which results in the horn and ari
skin not being peeled off, then if the knife is too tight, it
results in crushed coffee beans. The last cause in the
grader machine is unstable sieve and dirty plate
conditions that result in mixed coffee grades.
Furthermore, the cause of the method category is that the
management of green bean processing is not optimal,
which is caused by incomplete work instructions, lack of
socialization and training, and the application of
Occupational Safety and Health (OSH) which is not
optimal. In line with research conducted by Sufa et al.
(2019) and Sulistiyowati et al. (2020) that one of the
causes of the method category that results in product
defects is the lack of work procedures in each processing
process.

Based on the causal analysis from the fishbone
diagram of the Gunung Pasang Plantation Factory of
Kahyangan agroindustry Jember, several corrective
actions are recommended. These actions aim to improve
green bean quality by addressing the root causes
identified across the categories of raw materials, labor,
machinery, and methods. The proposed corrective
actions are shown in Figure 6 and detailed in Table 3
reflecting the comprehensive approach needed to
enhance green bean quality and reduce defects.

The case study at Kahyangan Agroindustry of
‘Perumda Perkebunan’ Jember vividly demonstrates the
critical role of integrated Statistical Quality Control
(SQC) methods in enhancing the production quality of
green beans. This study not only underscores the
practical necessity of rigorous quality control
mechanisms-such as Pareto diagrams, control charts, and

Table 3. Proposed corrective actions to address Robusta coffee green bean defects.

Causal factors

Proposed corrective action

a. Implementing an integrated crop pest control system
Material b. Conducting careful and maximum sorting
c. Conducting intensive care and maintenance as well as rejuvenating coffee plants for the long term
d. Buying coffee cherries produced by local coffee farmers with similar quality for the short term
a. Implementing an integrated plant pest control system
b. Ensuring optimal sorting supervision
Man c. Slightly increase the wages of picking personnel so as to minimize the element of deliberation from
picking personnel
d. Conducting checks before processing and making a checklist that can facilitate checking or controlling
e. Conducting socialization and training
a. Checking machine components before processing
b. Using automatic temperature regulation with sensors so that drying can be more efficient and optimal
Machine c. Sharpening the knife so that the sharpness of the knife can be maintained
d. Replacing wooden supports with stronger supports, such as iron, so that the sieve in the grading process
can be more stable
e. Maintaining the cleanliness of the sieve before processing.
Method Providing SOP and complete work instructions and OSH for each processing process.
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fishbone diagrams-but also robustly validates theoretical
frameworks like the Theory of Constraints and the Pareto
Principle in a real-world setting. For instance, the
fluctuations observed in the p-control charts starkly
highlight the need for constant monitoring within the
production process, emphasizing how even small
variations can lead to significant deviations in product
quality. This observation is a practical application of the
Statistical Process Control (SPC), a cornerstone of
quality management that theoretically ensures processes
remain within predefined control limits to mitigate
variability. Moreover, the identification of raw material
quality as a pivotal factor affecting the final product
quality illustrates the cause-and-effect relationship
central to the fishbone diagram, providing a clear
roadmap for targeted corrective actions. Thus, the
integration of SQC tools not only facilitates a deeper
understanding of production deficiencies but also propels
systematic improvements, aligning with the continuous
improvement philosophy of Kaizen. This dual focus on
theoretical ~ validation and practical application
encapsulates the intrinsic value of SQC methods in
driving significant improvements in agricultural
production processes, making a compelling case for their
broader adoption across similar industries.

4. Conclusion

The deployment of Statistical Quality Control (SQC)
methods at Kahyangan agroindustry, Jember - a regional
government plantation enterprise - has highlighted
significant inefficiencies in the Robusta green bean
production process, as evidenced by fluctuating and
irregular patterns on the p-control charts. This analysis
indicates a production process that is not only unstable
but also suboptimal. Tools like fishbone diagrams have
effectively pinpointed critical issues contributing to
quality defects, including the poor quality and
insufficient quantity of coffee cherries, lax oversight of
labor, inadequate machine maintenance, and flawed
process management techniques. Recommended
corrective actions include long-term strategies such as
consistent plant maintenance and rejuvenation, and short
-term solutions like enhancing the procurement of coffee
cherries through local partnerships. Additionally,
improving workforce training, conducting rigorous pre-
processing equipment checks, and elaborating on work
instructions can significantly elevate the quality of the
green beans produced. Meanwhile, to address the
workforce’s lack of compliance with standard procedures
and low motivation, implementing regular performance
evaluations, offering additional incentives, and fostering
a stronger sense of responsibility through team-based
accountability can help improve adherence to quality
standards and boost overall motivation.
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