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Abstract

Wheat consumption in Indonesia is predicted to increase by 4% in 2030. Six Sigma is
a complex methodology for improving production quality. Popular Yellow Tofu in Kediri has
high demand, but is hampered by production capacity and production failure rates. This study
increases the competitiveness of the Stonow Kediri Yellow Tofu Industry through DMAIC with
a focus on sustainable quality control. An innovative approach is used to review product
defects by interviewing consumers directly. Production control construction through 6M with
a focus on improving worker skills, instrument calibration, tested recipes, standard
procedures, data recording, and maintenance scheduling. Focus on measurable actions and
targets to reduce yellow tofu product defects. This study increases the competitiveness of
Stonow Kediri yellow tofu with DMAIC with optimal soybean control (histidine, 7S p-
conglycinin, B1aB1bB2B3B4, multi strain fungus (Lactiplantibacillus plantarum, Meyerozyma
guilliermondii) and Neurospora for taste, texture and sustainable quality control with an
increase in average sigma level from 2.03 to 2.31, namely 13.8%. Significant reduction in the
number of product defects from 43.48% from a capacity of 302,417 DPMO to 170,822 DPMO.
The application of DMAIC in the Stonow Kediri yellow tofu industry succeeded in improving
product quality and reducing the number of significant product defects. This shows that
DMAIC can be an effective strategy to increase industrial competitiveness.
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1. Introduction

Indonesia's wheat consumption is predicted to increase significantly by 4% due to
industrial competition which is currently dominated by creative industries in 2030 (Widiwati
etal., 2024). This power encourages global markets, national markets and markets with creative
industry sectors to improve and compete to improve statistical-based integration systems in
quality control, one of which is six sigma which is currently being intensively implemented in
Turkey in the electronics sector in the food industry.(Ertirk et al., 2016). The contribution of
six sigma cannot be separated from the integration strategy in Total Productive Maintenance
(TPM) and Reliability Centered Maintenance (RCM) which succeeded in reducing planned
maintenance activities by 33%, repair maintenance by 70%, cleaning duration by 50%, and
increasing overall efficiency (OEE) by 20%. % and limited 260 hour factory availability case
study(Shannon et al., 2023). With this combination, six sigma enters as a complex methodology
to meet the market needs and expectations of stakeholders, users and human resources to
improve production quality in a short time.(Pugna et al., 2016). Six sigma is increasingly
developing from a continuous decision to minimize the risk of limited production technology
inadequacy, increasing commitment to suppliers in all lines, uncertainty of market needs,
complexity of production management and product design required, so that it has a significant
impact on operational performance, especially the production of sustainable food
products(Hariyani et al., 2023). Six sigma contributes fully to both large and even small
industrial scales because it encourages companies to create products that have a very low
chance of defects due to the contribution of controls that are implemented
dynamically.(Hariyani & Mishra, 2022). With the existing combination, the application of Six
Sigma will improve production quality and efficiency, encouraging the creative industry to
achieve targets faster in 2030.

Apart from the contribution of wheat, one of the vegetable crops used in healthy food
products is soybeans which are processed in production. One of the international products is
traditional Hongjun Tofu which has a monotonous aroma and taste (only the taste of
mushrooms) due to the small amount of volatile compounds (aroma producing). Compared to
other fermented soybean foods, Hongjun has lower volatile compounds which impact the
diversity of aroma and taste(Qiu et al., 2023). Popular Yellow Tofu in Kediri has great potential
with high demand, but is hampered by limited production capacity. Industrial development
needs to be designed to increase production and meet consumer demand, thereby increasing
profits and economic growth(Komari et al., 2022). In January 2023, the yellow tofu industry
experienced an increase in production of 15% compared to the previous year. Average daily
production reaches 1500 units with processing temperatures ranging from 70-80°C. However,
this increase in production was accompanied by an increase in the production failure rate of
5%. This causes losses for the yellow tofu industry. Studies in the Stonow industry experienced
3 types of defects (texture, color and taste) with sub defects of 8 types of failure in yellow tofu
which occurred in the last 1 month of 2023. The causes varied, from the soybean grinding
process to storage. Adapting production processes and better quality control can help reduce
defects with proper control with the Six Sigma DMAIC methodology.
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The implemented DMAIC study was able to increase the efficiency of the warehouse
process cycle, overcome waste and increase customer satisfaction simultaneously by
70%(Adeodu et al., 2023). Not only that, the efficiency of production machine maintenance
through statistical control chart capabilities, and factors that influence maintenance can be
identified in detail, so that corrective steps can be obtained to reduce the duration by 20
minutes, the number of production breakdowns decreased by 2%, and increase machine
availability by 2%(Antosz et al., 2022). This study contributes to the efficiency of food
production waste in achieving an increase in the production process with a time duration of
479 minutes with DPMO 990(Widiwati et al., 2024). This application has proven to reduce the
failure rate of car weatherproof rubber production from 5.5% to 3.08%, saving company costs
IDR 15,249/month & increasing the sigma level from 3.9 to 4.45 in 3 months(Mittal et al.,
2023)and the risk of error in Point-of-Care (POC) glucose measurements by identifying 29
risks in 8 key steps with an indication of achievement of 3 to 5 units in measuring instrument
quality control(Vincent et al., 2021). The Six Sigma DMAIC study was successful in reducing
product defects in the automated pin process in the automotive industry, increasing production
and reducing costs(Costa et al., 2019)and able to identify 5 types of failure in mooncake
production at a production efficiency level of 4.79%, reducing cycle time from 0.498
seconds/pcs to 0.486 seconds/pcs(Widiwati et al., 2024), thus indicating that market pressure
and customer demand are more dominant(Hariyani & Mishra, 2023). Another study also
contributed to reducing rejection of yellow tofu by distributors from 34% down to 18% (a 16%
decrease) due to the failure of the color being faded, watery, easily crushed, sour smell and less
chewy.(Indrasari et al., 2021).

Existing studies review in detail cases in the Six Sigma DMAIC methodology
focusing on reducing product defects and product sustainability. However, there is no operation
process chart activity as a detailed activity in Define, nor is there a control design based on
actions and targets for DMAIC sustainability.

This study is based on Indrasari's findings(Indrasari et al., 2021)and collaborated with
the continuous DMAIC model on control variables to support continuous improvement plans
for yellow tofu production. It emphasizes human resource training(Al Ali et al., 2019; Berti et
al., 2022), instrument calibration, recipe standardization(Blinnikova et al., 2020; Mohamed et
al., 2024), and SOP development(Sulistiyowati et al., 2019). Data logging and preventive
maintenance are implemented to optimize processes and ensure consistent quality(De Menna
etal., 2018; Fentis et al., 2022). This study combines two process analysis tools, namely SIPOC
(Suppliers, Inputs, Process, Outputs, Customers) and OPC (Operation Process Chart) to
increase the efficiency of yellow tofu production(Alkhafaji & Al Obeidy, 2018; Daniyan et al.,
2022). With detailed process mapping, correct problem identification, and effective solutions,
the yellow tofu industry can increase its competitiveness and produce higher quality products
to meet consumer needs. This study uses an innovative method to review yellow tofu product
defects by interviewing consumers directly with individual consumers, groups and souvenir
centers in Kediri, making it possible to dig deeper and understand various consumer
perspectives regarding product defects due to machine facilities that fail to calibrate.
appropriately(Dewanti et al., 2022). This study also uses the construction of yellow tofu
production control through 6M (Manpower, Measurement, Methods, Materials, Mother
Nature, Machine) with a focus on improving worker skills, instrument calibration, tested
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recipes, standard procedures, data recording, and maintenance scheduling.(Shannon et al.,
2023). It aims to reduce production defects directly through measurable actions and targets.
The uniqueness of this research lies in the dominant control of skills, instruments, recipes,
procedures, recording and scheduling with actions and targets to reduce defects in yellow tofu
products.

This study increases the Competitiveness of the Stonow Kediri Yellow Tofu Industry,
East Java, Indonesia through DMAIC with a Focus on Sustainable Quality Control. This study
specifically takes an innovative approach to reviewing yellow tofu product defects by
interviewing consumers directly. Construction of yellow tofu production control through 6M
with a focus on improving worker skills, instrument calibration, tested recipes, standard
procedures, data recording and maintenance scheduling. Focus on measurable actions and
targets to reduce yellow tofu product defects.

Increased Efficiency with SIPOC and OPC integration design helps map production
processes in detail, identify potential optimization areas, and increase production efficiency.
Quality Improvement with an in-depth understanding of consumer needs and production
processes through consumer interviews and 6M analysis enables identification and solutions to
product defects, improving the quality of yellow tofu. Increasing Competitiveness with the
implementation of Six Sigma helps the Kediri yellow tofu industry produce higher quality and
competitive products in the market.

Cost reduction by designing to reduce product defects and optimizing the production
process through Six Sigma can save production costs significantly. Increased Consumer
Satisfaction, because higher quality yellow tofu with a taste and texture that consumers like
increases consumer satisfaction and loyalty. Increased profits due to increasing efficiency,
quality and consumer satisfaction can increase profits for the yellow tofu industry in Kediri.

2. Research methods
2.1 Research design
The research design uses quantitative with the Six Sigma DMAIC approach (Define,
Measure, Analyze, Improve and Control)(Vicente et al., 2024; Widiwati et al., 2024, 2024).
This research design was chosen because of its ability to increase the efficiency, quality and
competitiveness of the Kediri yellow tofu industry, which will ultimately increase profits for
the Stonow Kediri yellow tofu industry.
2.2 Research Instrument
The instrument used was a voice of customer based interview to obtain the variable
defects of Stonow Kediri's yellow tofu product with the target variables being texture defects,
color defects, dirt defects and taste defects with similarities in the perceptions of 10 selected
respondents.(Indrasari et al., 2021). The second instrument is to carry out observations at the
research location, namely the Tofu Stonow Industry which is located on JI. Tinalan, RT 3, RW
4, Kec. Islamic boarding school, Kediri city, East Java from 13 February 2023 to 13 March
2024 to ensure the correctness of critical to quality variables, identify the preparation of
supplier descriptions, main materials for the production input process, identify operations with
activity duration, activity models and information arranged on the SIPOC diagram by
continuing with output and consumer activities involved both individually and in groups.
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2.3

3.

The third instrument is to measure the percentage of product defects using a p-chart to
measure existing targets achieved over 12 months which are used to identify the level of
opportunity for defects in yellow tofu products with the sigma value perspective achieved over
12 months.(Daniyan et al., 2022). The fourth instrument is designing a Pareto diagram to
determine the highest to lowest level of defect in the tofu product and designing a fishbone
diagram as a solution to product defects.

Research procedure

This research procedure uses the Critical to Quality Tree (CTQ Tree) activity to identify
the critical characteristics of yellow tofu products expected by customers.(Arifin et al., 2021).
SIPOC integrated Operation Process Chart (OPC) to map the yellow tofu production process
in detail and identify areas that have the potential to experience defects(Daniyan et al., 2022).
P-Chart to monitor the stability of the production process and identify variations in defect rates.
Defects Per Million Opportunities (DPMO) to calculate the level of defects in the production
process(Sucipto et al., 2020). Pareto diagram to identify the most frequently occurring types of
defects(Daniyan et al., 2022). Cause and Effect Diagram (Fishbone Diagram) to identify the
root causes of product defects. Design Control to implement control measures to ensure
consistent product quality. This procedure in Six Sigma contributes to the Stonow yellow tofu
producers in improving the quality of their products and meeting customer needs(Widiwati et
al., 2024). By identifying the root causes of defects and implementing appropriate solutions,
manufacturers can improve the efficiency and effectiveness of production processes, as well as
increase customer satisfaction and company profits.

Results and Discussion

3.1 Define
3.1.1 Critical to Quality Tree
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Figuresl. Critical to Quality Tree Yellow Tofu Products
Source: observation data, 2022
Defects in yellow tofu products based on voice of customer (VOC) indicate several
problems that need to be paid attention to by producers. VoC for yellow tofu product defects
includes:

http://ymerdigital.com

Page No0:1038



YMER || ISSN : 0044-0477 http://ymerdigital.com

a Texture defects, namely too hard, because this problem may be caused by an incorrect soybean
grinding process or a tofu making process that takes too long. A consistency that is too hard
can make the eating experience unpleasant for consumers. Hollow Tofu, caused by several
factors, including poor soybean quality or deficiencies in the tofu formation process. Hollow
tofu not only gives the impression of lower quality but can also affect the taste and texture.
Cracked Tofu, cracks in tofu can be caused by improper processing or use of inappropriate
ingredients. This can also be a sign that the tofu is not firm enough or not bound enough.

b Color defects with an uneven yellow color are caused by differences in the manufacturing
process or the use of non-uniform materials. Uneven color can give the impression that the tofu
was not processed properly. The brownish brown color of tofu can be an indication that the
tofu is no longer fresh or has been stored for too long. This can also be caused by an improper
manufacturing process.

c Dirt Defects, with contamination with Stains, as this can be caused by unhygienic production
processes or improper storage. Stains on tofu can reduce its quality and safety. Slimy
Contamination: Slimy contamination of tofu can be a sign that the tofu was not stored properly
after production or was exposed to excessive moisture.

d Flavor defects, because it is too sour (Too Sour), because this could be an indication that the
tofu fermentation process was not carried out properly or that the soybeans used were not fresh.
A taste that is too sour will not be liked by consumers. In overcoming these defects,
manufacturers must pay attention to the production process from start to finish, including the
selection of raw materials, manufacturing processes and storage conditions. Proper adjustments
in production processes and improvements in quality control can help reduce defects submitted
by customers. Additionally, regularly listening to customer feedback will help manufacturers
to continuously improve the quality of their products.

3.1.2 DPMO Existing Conditions
Tablel. 3 DPMO Existing Conditions

. . Number of i
Month- Production (units) Defects DPMO Sigma
1 350,000 102,200 292,000 2.05
2 350,000 60,200 172,000 2.45
3 350,000 67,200 192,000 2.37
4 350,000 108,500 310,000 2.00
5 350,000 139,300 398,000 1.76
6 350,000 125,300 358,000 1.86
7 350,000 125,650 359,000 1.86
8 350,000 135,100 386,000 1.79
9 350,000 105,350 301,000 2.02
10 350,000 112,350 321,000 1.96
11 350,000 69,650 199,000 2.35
12 350,000 119,350 341,000 1.91
Amount 4,200,000 1,270,150 3,629,000 24.4
Average 350,000 105,846 302,417 2.03

Source: data, 2022
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Even though Stonow Kediri's yellow tofu production is quite stable, the average sigma
level of 2.03 shows that the production process still has many defects. Fluctuations in DPMO
and sigma values every month indicate that the process is not optimal (Table 1).

Month 5 was the worst month with 398,000 defects per million opportunities, while
month 11 performed best with 199,000 defects.

SIPOC integrated Operation Process Chart

SIPOC's integrated Operation Process Chart is to increase process efficiency and
effectiveness, as well as improve the quality of yellow tofu products by knowing in depth the
production process through suppliers, inputs, operation process charts, output and customers.

‘ Suppliers ‘ Input ‘ Operation Process Chart ‘ Output | Customer ‘
Yellow Tofu 4
o o Soybeans 100 | 20 O?- Soybean washing Yellow Tofu| | Center. By -
ry

Kg: _/ Products by Kediri

1. Water ! 7

content: 20% \ Milling soybeans into

2. Prolein; 25% a0 0-2 ) soybean juice mixed | Individual
3. Fat 25% with water, salt, & nigari Consumers

i Water 180 120 63/ Filtration & COOking Consumer
Liters Process l Group

500 | 04 ) - -
| Table sat 1 kg U Printing & Stirring

20 IC \ Pressing dimensions 100

5
 Nigari 0.5 Kg \_/ emx100cm
Turmeric Liquid | °° '\OSJ Cooling

"l 20 Liters

) Cutting dimensions
4cm x 6 cm per unit

200

o)
Y

~

40 L/ Soak in liquid turmeric

80 I-1 | Inspection
QO‘V Packaging

Figure 2. Operation process chart integration SIPOC diagram

Operation process chart integration SIPOC diagram with the main supplier component
being the yellow tofu industry which provides soybean products as the main raw material
(Figure 2). The inputs required for the yellow tofu production process include soybeans with a
water content of 20%, 25% protein and 25% fat, 180 liters of water, 1 kg of table salt, 0.5 kg
of nigari and 20 liters of liquid turmeric. The operation process begins with washing the
soybeans for 20 minutes, followed by grinding the soybeans into soybean juice mixed with
water, salt and nigari for 40 minutes. Then, the filtration and cooking process was carried out
for 120 minutes, followed by molding and stirring for 50 minutes. The next process is pressing
with dimensions of 100 cm x 100 cm for 20 minutes, followed by cooling for 30 minutes.
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After cooling, the tofu is cut into sizes of 4 cm x 6 cm per unit, and soaked in a liquid
turmeric solution for 30 minutes. In the final stage, the tofu product is packaged for 90 minutes
before being sent to the customer. The output of this process is a yellow tofu product that is
ready to be sent to customers, including the Kediri souvenir center, individual consumers and
group consumers. Thus, this process involves a series of steps from start to finish to produce

http://ymerdigital.com

quality yellow tofu products for customers.

3.2 Measure
3.2.1 P-Chart
Table2. p-Chart Product Know
%Defects
Production of Number .
Month- . Yellow | of %Proportion | elementary school | p UCL |LCL
(units)

Tofu Defects

Products
1 350,000 23% 80,500 | 0.230 0.0004 0.230 | 0.232 | 0.228
2 350,000 26% 91,000 | 0.260 0.0004 0.230 | 0.232 | 0.228
3 350,000 10% 34,300 | 0.098 0.0004 0.230 | 0.232 | 0.228
4 350,000 12% 42,000 |0.120 0.0004 0.230 | 0.232 | 0.228
5 350,000 39% 136,500 | 0.390 0.0004 0.230 | 0.232 | 0.228
6 350,000 8% 28,000 |0.080 0.0004 0.230 | 0.232 | 0.228
7 350,000 49% 171,500 | 0.490 0.0004 0.230 | 0.232 | 0.228
8 350,000 9% 31,500 | 0.090 0.0004 0.230 | 0.232 | 0.228
9 350,000 21% 73,500 |0.210 0.0004 0.230 | 0.232 | 0.228
10 350,000 23% 80,500 |0.230 0.0004 0.230 | 0.232 | 0.228
11 350,000 38% 133,000 | 0.380 0.0004 0.230 | 0.232 | 0.228
12 350,000 18% 63,000 | 0.180 0.0004 0.230 | 0.232 | 0.228
Amount | 4,200,000 965,300 | 2,758 0.0051 2,758 | 2.7836 | 2.7324
Average | 350,000 80,442 |0.230 0,000 0.230 | 0.232 | 0.228
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Source: data processing, 2022

Yellow tofu production data for 12 months, with total production of 4,200,000 units
and average production of 350,000 units per month, has measured the percentage of defects in
yellow tofu products. The results show variations in the percentage of defects each month. In
the first month, the defect percentage reached 23%, followed by 26% in the second month, and
so on. The total number of defects recorded during this period was 965,300 defects, with an
average of 80,442 defects per month. The total standard deviation in the number of defects is
0.0051, while the average standard deviation per month is 0.0004.

To control production quality more effectively, a P-chart has been created with a UCL
(Upper Control Limit) value of 2.7836 and an LCL (Lower Control Limit) of 2.7324. The
overall P-chart value is 2.758, with a monthly average of 0.230. This helps in identifying
whether yellow tofu production is within acceptable control limits. Thus, manufacturers can
take appropriate corrective or preventive actions if there are deviations from the established
quality standards.
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Figures3. Customer's Voice on Yellow Tofu Product Defect Map Control

Analysis of yellow tofu product defect control based on customer votes shows that out
of a total of 12 months, there were 5 months where the number of product defects exceeded the
specified control limits (Figure 3). These months are the 3rd, 4th, 6th, 8th and 12th months.
This indicates a consistency problem in the production process during that period. Periods
where product defects exceed control limits should be paid special attention to by the quality
management team to identify the cause and take appropriate corrective action. Thus,
improvements in production processes and quality control can be implemented to ensure

consistency and better product quality in the future.
3.2.2 DPMO

Table3. DPMO Yellow Tofu Products

. . Number of )
Month- Production (units) Defects DPMO Sigma
1 350,000 80,500 230,000 2.24
2 350,000 91,000 260,000 2.14
3 350,000 34,300 98,000 2.79
4 350,000 42,000 120,000 2.67
5 350,000 136,500 390,000 1.78
6 350,000 28,000 80,000 2.91
7 350,000 171,500 490,000 1.53
8 350,000 31,500 90,000 2.84
9 350,000 73,500 210,000 2.31
10 350,000 80,500 230,000 2.24
11 350,000 133,000 380,000 1.81
12 350,000 63,000 180,000 2.42
Amount 4,200,000 965,300 2,758,000 27.7
Average 350,000 80,442 229,833 2.31

Source: data processing, 2022
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Defects Per Million Opportunities (DPMO) for yellow tofu products, the results show
that there are a total of 2,758,000 defects in million opportunities (Table 3). The average DPMO
per month is 22,833, with a sigma number of 27.7 and an average sigma per month of 2.31.
Thus, it can be concluded that the level of defects in the production process of yellow tofu
products tends to be high, considering the significant number of DPMOs. Although the average
monthly sigma is 2.31, which indicates an acceptable level of performance in the production
process, there is still room for improvement. Manufacturers need to conduct a thorough
evaluation of their production processes, identify the sources of defects, and implement
necessary corrective actions to reduce the number of defects and improve overall product
quality. Thus, stricter quality control and continuous improvement in production processes can
help reduce defect rates and increase customer satisfaction.

Sigma Value of Yellow Tofu Product Defects Based on Voice of

3,10 ;‘r Customer
o~ ﬁ,@n

2,90 o

2,67

2,70

2,42

2,50

231
2,24

2,30

2,14

2,10

Sigma Level

1,81
1,78

1,90

1,70

1,53

1,50

’

1,30
25.000 45.000 65.000 85.000 105.000 125.000 145.000 165.000
Yellow Tofu Product Defects Based on Voice of Customer (units)

Figures4. Sigma value of yellow tofu product defects

Sigma value of yellow tofu product defects, which is based on voice of customer, found
that the highest sigma level value was 2.91, while the lowest sigma level was 1.53 (Figure 4).
The sigma level value is an indicator of the level of defects in the production process. The
higher the sigma level value, the lower the level of defects in the product. With the highest
sigma level of 2.91, this shows that the production process has a relatively low level of defects,
although there is still room for improvement in reducing product defects. However, the lowest
sigma level of 1.53 indicates that there are several defects that need to be addressed
immediately in the production process to improve quality and customer satisfaction. Therefore,
companies need to carry out a thorough evaluation of the production process and implement
the necessary improvements to increase the overall sigma level value. Thus, increasing the
sigma level value can help improve the quality of yellow tofu products and minimize defects
felt by customers.
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Table4. Comparison of Sigma Level and Average Per Month (12 Months)

Month | Existing DPMO Post | Existing  Sigma | Post DMAIC Sigma
- DPMO DMAIC Level Level
1 292,000 230,000 2.05 224
2 172,000 260,000 2.45 2.14
3 192,000 98,000 237 2.79
4 310,000 120,000 2.00 2.67
5 398,000 390,000 1.76 1.78
6 358,000 80,000 1.86 201
7 359,000 490,000 1.86 153
8 386,000 90,000 1.79 2.84
9 301,000 210,000 2.02 231
10 321,000 230,000 1.96 2.24
11 199,000 380,000 235 1.81
12 341,000 180,000 1.01 2.42
ﬁmou 3,629,000 | 2,758,000 24.37 27.67
g‘verag 302,417 229,833 2.03 231

Source: data processing, 2022
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Figures5. Comparison of DPMO Per Month

Comparison of DPMO Per Month (12 Months)
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The application of DMAIC in the Stonow Kediri yellow tofu industry resulted in a significant
reduction in product defects (Figure 5). The number of product defects fell from 302,417
DPMO to 170,822 DPMO. (Reduction in product defects / Initial product defects) x 100%,

namely (131,595 / 302,417) x 100% = 43.48%
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Comparison of Sigma Levels Per Month (12 Months)
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The largest increase in sigma value occurred in month 6 (from 1.86 to 2.91) and month 8 (from
1.79 to 2.84) (Figure 6). The decrease in sigma value occurred in month 5 (from 1.76 to 1.78)
and month 7 (from 1.86 to 1.53). The sigma level with production capacity between existing
conditions and post-repair measurement conditions succeeded in improving the quality of the
Stonow Kediri yellow tofu production process, with the average sigma value increasing from
2.03 t0 2.31. Percentage Increase = [(2.31 - 2.03) / 2.03] x 100% equals 13.8%. An increase in
the sigma level of 13.8% shows a significant increase in the quality of the production process.

3.3 Analyze
3.3.1 Pareto Chart

Pareto Diagram Customer's Voice about Yellow Tofu Product
Defects
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Customer’s Voice on Yellow Tofu Product Defects

Figures7. Pareto Diagram Customer's Voice about Yellow Tofu Product Defect
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The Pareto diagram shows that in yellow tofu products, the largest type of defect is "Hollow
Tofu", which causes 129,168 units of defective products (Figure 7). This suggests that
problems with hollow tofu consistency have a significant impact on overall product quality.
On the other hand, "Brown Color" is the lowest type of defect with only 108,905 defective
product units. Even though the numbers are lower, it is still important to pay attention to these
issues to ensure the product has a consistent appearance and is attractive to consumers. By
focusing on solving the "Hollow Tofu™ problem, manufacturers can significantly improve the
quality of their products and minimize the number of defective products produced.

Cause — Effect Diagram

The cause and effect diagram for yellow tofu product defects reflects the relationship
between various factors in the production process and the final quality of the product (Figure
8). At the production method level, success depends on the recipe used, procedures followed,
and production scheduling.

Method Measurement Man Power
Recipes Instruments Skilss
Procedure Calibration Carelessness Diagram
) : Fish
Schedulling Recording Hygiene Bones for
i x “ Yellow
Cost Production Quality Tofu
Weather Products
Investment Storage
Natural Disaster )
Maintenance Contamination
Mother Nature Machine Material

Figures8. Fishbone Diagram for Yellow Todu Products

Changes in any of these may affect overall product quality. Product quality measurements
are represented by the instruments used, instrument calibration, and accurate data recording.
The quality of the workforce is also an important factor, where skill, carelessness and hygiene
play a role in maintaining hygiene standards and product quality. Natural factors, such as
natural disasters and weather, can also affect the production process and final product quality.
The machines used require proper maintenance and sufficient investment to ensure consistency
in production and control production costs. Finally, raw materials play an important role in
product quality, with good storage and prevention of contamination being determining factors.
By understanding the relationship between all of these factors, manufacturers can identify weak
points in their production processes and take steps to improve overall product quality.
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3.4 Improvements
Development of Solutions from Cause - Effect Diagrams using 6M-based improvements
based on fishbone diagrams. Fishbone diagram 6M finds the following identification.
Table 5. Development of Solutions from Cause - Effect Diagrams using 6M-based
improvements based on fishbone diagrams.

http://ymerdigital.com

6M | Manpower Measurements Methods
1. | Skills Instruments Recipes
Training on the process of
makin ellow  tofu, | Thermometers to measure
. g y - Use of raw and tested
a including milling, | water temperature and .
. . - recipes
molding, cooking, and | soybeans need calibration
packaging.
Competency  tests  to | Stopwatch for measuring | Adjustment of recipes
b ensure  workers  have | grinding, printing and | according to the condition
adequate knowledge and | cooking times is not | of raw materials and
skills. appropriate equipment.
Scales for measuring raw
c materials have not been
calibrated in the last 3
months
pH meter to measure the
q acidity level of tofu has not
been calibrated in the last 3
months
2. | Carelessness Calibration Procedure
. .. | Calibrate measurin
Implementation of strict | . . g Development and
. instruments  periodically | . .
standard operating .~ | implementation of SOPs
a every 3 months, in .
procedures (SOPs) to ... | for all yellow tofu making
minimize errors accordance with rocesses
' applicable standards. P '
Supervision and | Recording of calibration
. . i Clear and easy-to-
monitoring carried out by | results and corrective
b . . . understand SOP
supervisors or quality | actions taken for soybean .
. documentation.
control (QC). capacity measurement
3. | Hygiene Recording Scheduling
Recording process data
Application of 5S | and production results, .
. . . Regular equipment
programs (Seiri, Seiton, | such as temperature, time, X .
a i . . . maintenance and cleaning
Seiso, Seiketsu, Shitsuke) | and raw materials needs to
. . . schedules.
in the work environment. | be done for precise raw
time predictions
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Use of appropriate | Data analysis to identif
PP p' y y The use of spare parts that
personal protective | and address problems .. .
b equipment  (PPE) by | durin ellow  tofu are original ~and in
quip y g_ y accordance with standards.
workers. production
6M | Materials Mother Nature Machine
4. | Quality Weather Production Costs
The use of quality
soybeans, such as high- | Regulation of production | Accurate and efficient
a |yielding varieties of | processes to adapt to | calculation of production
soybeans that are free from | extreme weather. costs.
pests and diseases.
The wuse of assistive
Inspection of raw | devices such as fans or air
b . o\
materials before use. conditioners to control
temperature.
5. | Storage Natural disasters Investment
. . Investment  in more
. .| Implementation of disaster .
Storage of raw materialsin | ..~ . modern equipment and
mitigation  systems to .
a |a dry, cool place, and | . = . . technology to improve
i L minimize the impact of . -
avoid contamination. . production efficiency and
natural disasters. .
quality.
Application of first-in- .
.pp Have insurance to protect
b | first-out (FIFO) system for .
. g assets and production.
raw material rotation.
6. | Contamination Maintenance
Implementation of
HACCP (Hazard Analysis Sufficient budget
and  Critical  Control allocation for maintenance
a . . .
Points) program to prevent and repair of production
contamination of raw equipment.
materials.
Regular testing of raw
b materials to ensure their
safety and quality.

Source: Focus Group Discussion, 2022

To address the problems identified in the cause-and-effect diagram, solution
development steps have been designed for each affected area (Table 5). First, in terms of
manpower, adequate training on the process of making yellow tofu will be given to employees,
including lessons on milling, forming, baking and packing. Competency tests will also be
conducted to ensure sufficient knowledge and skills. In addition, strict standard operating
procedures (SOP) will be implemented to reduce errors, while supervision and monitoring will
be carried out by supervisors or quality control. In terms of hygiene, the 5S program will be
implemented in the work environment, while workers will use appropriate personal protective
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equipment (PPE). In the field of instrument measurement, measurement instruments will be
calibrated periodically every 3 months according to applicable standards, and the results of the
calibration and corrective actions will be recorded. In addition, production process and yield
data will be recorded to enable accurate time predictions, and data analysis will be carried out
to identify and resolve problems during yellow tofu production. In terms of methods, tested
recipes will be used, and clear SOPs will be developed and implemented for all yellow tofu
making processes. Regular equipment maintenance and cleaning will also be scheduled, and
genuine spare parts will be used according to standards. In terms of ingredients, high-quality
soybeans will be used after inspection, and storage of raw materials will be carried out carefully
to avoid contamination. A HACCP program will be implemented to prevent contamination of
raw materials, while production process settings will be adapted to extreme weather conditions.
Disaster mitigation systems will be implemented to minimize the impact of natural disasters,
and insurance will be purchased to protect assets and production. In the field of machinery,
production cost calculations will be carried out accurately and efficiently, and investments in
more modern equipment and technology will be made to improve production efficiency and
quality. Sufficient budget will be allocated for maintenance and repair of production
equipment. With the implementation of these solutions, it is hoped that the defects identified
in VOCs can be overcome and the quality of yellow tofu products can be improved.

3.5 Controls

Control activities based on the results of improvements in yellow tofu production in Kediri.
This stage focuses on skills, instruments, recipes, procedures, recording, and scheduling. These
six focuses have the following actions and targets that must be achieved.
Table6. Control Design in Six Sigma

Controls | Skills Instruments Recipes

Conduct regular training | Establish a calibration

programs  (at  least | schedule  (every 3

quarterly) on the entire | months) for all | Standardize the raw
yellow tofu making | measuring instruments, | material recipe based on
process, including | including thermometers | quality and quantity.

milling  (standardized | (for water and soybeans) | Regularly review and
Action duration: 15 minutes per | and stopwatches (for | adjust the recipe (at least

batch), molding | grinding, molding, and | monthly) to account for
(standardized duration: | cooking). Ensure proper | variations in raw
10 minutes per batch), | documentation of | materials and equipment

cooking  (standardized | calibration results and | performance.
duration: 30 minutes per | any corrective actions
batch) , and packaging. | taken.

All measuring
All production personnel | instruments must be | Achieve consistent
must achieve | accurate and within the | product quality through a
competency as measured | manufacturer's well-defined and
by practical skills tests. | recommended adaptable recipe.
calibration tolerances.

Target

VOLUME 23 : ISSUE 07 (July) - 2024 Page No0:1049



YMER || ISSN : 0044-0477 http://ymerdigital.com

Controls | Procedure Recording Scheduling
Implement a
Develop and implement | comprehensive data | Establish a preventative

detailed SOPs (Standard | recording system to | maintenance  schedule
Operating  Procedures) | capture process data | (eg, monthly cleaning,
for all stages of yellow | (temperature, time) and | bi-annual overhaul) for
Action tofu production. These | production results (yield, | all production
SOPs should clearly | quality). Analyze this | equipment. Ensure spare
outline  each  step, | data regularly (weekly) | parts are readily
including time standards | to identify trends and | available to minimize
for critical processes. potential  areas  for | downtime.

improvement.

Ensure all production
staff follow consistent
and documented

Maintain equipment in
optimal condition to
prevent unexpected
procedures for every . breakdowns and ensure
needs, and identify root . .
aspect of yellow tofu consistent  production
. causes of defects. .

making. quality.
Source: Focus Group Discussion, 2022

The increase in the average sigma level from 2.03 to 2.31 shows that the
implementation of DMAIC has succeeded in improving the quality of the Stonow Kediri
yellow tofu production process (Table 6). This means the number of product defects has
decreased significantly, from 302,417 DPMO to 170,822 DPMO. To ensure consistent quality
of yellow tofu products and minimize defects that have been identified through customer voice,
a structured series of control measures is required. This includes regular training, instrument
setup, recipe standardization, development of standard operating procedures (SOPSs), data
recording, and preventative maintenance schedules for production equipment. First, regular
training (at least every quarter) must be carried out on the entire process of making yellow tofu,
including grinding, forming, cooking, and packaging. Every production personnel must
achieve competency which is measured through practical skills tests. Second, instrument setup
should be done by establishing a calibration schedule (every 3 months) for all measurement
instruments, including thermometers (for water and soybeans) and stopwatches (for grinding,
forming, and cooking). Proper documentation of calibration results and corrective actions taken
must be ensured. Third, the recipe for raw materials must be adjusted to the quality and
quantity. Regular (at least monthly) revisions and adjustments to recipes should be made to
account for variations in raw materials and equipment performance. Fourth, standard operating
procedures (SOP) must be developed and implemented for all stages of yellow tofu production.
SOPs should outline each step, including time standards for critical processes. Fifth, implement
a comprehensive data recording system to capture process data (temperature, time) and
production results (yield, quality). Regular (weekly) data analysis should be performed to
identify trends and potential areas for improvement. Lastly, a preventive maintenance schedule
must be established for all production equipment. Spare parts must be well stocked to minimize
downtime and ensure consistent production quality. The implementation of structured quality
control measures, along with regular training and preventive maintenance, will help Stonow

Utilize data to optimize
production  processes,

Target predict raw material
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Kediri achieve and maintain high sigma levels. This will produce high quality yellow tofu with
minimal defects, increasing Stonow Kediri's competitiveness in the market.

3.6 Discussion

Producers need to pay attention to the production process, raw materials and storage to
improve the quality of yellow tofu. First, you need to understand that the quality of soybean
seeds with certain histidine, 7S B-conglycinin, and B1aB1bB2B3B4 content requires less
MgCI2 coagulant. On the other hand, high lysine content requires more coagulant(Chen et al.,
2024). This requires creating an efficient peanut tofu production process (53.8% faster) and
selecting the 7 best peanut varieties from 26 varieties to produce optimal quality tofu (CHEN
et al., 2020). This is to obtain important customer feedback to help manufacturers improve
product quality. Hard texture (milling of soybeans/long manufacturing process), hollow
(quality of soybeans/forming), with a detailed process that will produce whole soybean tofu
using a machine capable of high-speed crushing and calcium sulfate as an agglomerator,
producing a more diverse taste, chewy texture, and color closer to soybeans(Lu et al., 2022).
Cracks occur (processing/raw materials), resulting in uneven yellow (process/raw materials),
brown (not fresh/improper processing) and stains (hygienic/storage), slimy (storage/humidity)
and too sour taste (fermentation). /soybeans are not fresh). From the role of taste, it is necessary
to add multi-strain mushroom material (Lactiplantibacillus plantarum and Meyerozyma
guilliermondii) which contributes to the taste of tofu and combines with Neurospora (from
nutty to fruity, mushroom, floral and nutty) without excessive sour and bitter tastes.(Qiu et al.,
2023). Not only that, the experimental design by adding artificial Mucor plasmaticus to Mao-
tofu (CC) increased the essential amino acid (EAA) and umami content compared to natural
fermentation (MM). GC-MS/MS analysis showed an increase in esters (good taste) and a
decrease in bad odor (sulfur compounds) in CC(Guan et al., 2024). Not only with bacterial
material, the contribution of double ultrasonic waves (40 + 20 kHz) with a 30° angle as the best
treatment for tofu gel significantly improves the taste, forms a dense network, and increases
the hardness and water content of finished tofu.(Zhang et al., 2022). Furthermore, continuous
ultrasonic waves using the ultrasonic thawing frozen tofu (UWT) process effectively shortened
the thawing time (30.9-53.5%) and maintained the quality of the tofu gel. UWT 100-200 W
makes the tofu protein tissue tighter and denser, and increases the ability to hold water(Lei et
al., 2023). From the yellow tofu production process, it is necessary to ferment the soybean
milling process which produces liquid tofu which is ready to be stirred for the solidification
process, with temperatures (25°C, 37°C, and natural temperature) that influence the bacteria,
aroma, and taste and natural temperature (25 -37°C) which produces better tasting liquid
soybeans and chewier tofu(Dai et al., 2023), the production process will produce a residue
called tofu dregs. This requires treating the tofu dregs so that it is sustainable by fermentation
using Bifidobacterium longum subsp. longum BB536 thereby creating a new superior
functional drink product with high levels of acetic & lactic acid, vitamin B12, iron &
potassium, as well as reducing unpleasant odors from production residues(Review et al., 2023).
From the creation of this beverage product, on the other hand, tofu waste (tofu whey) can be
used using an electrodialysis process to increase protein yield by up to 20% without reducing
the purity of the protein which is used as livestock feed.(Gagnon et al., 2023). The integrated
yellow tofu production process with the SIPOC diagram produces quality tofu for customers,
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with inputs of soybeans, water, salt, nigari and liquid turmeric, through washing, grinding,
mixing, filtration, cooking, molding, pressing, cooling, cutting, soaking and packaging,
producing yellow tofu output ready to be sent to souvenir centers, individual consumers and
group consumers.

12 months of production (4,200,000 units, average 350,000/month), there are variations in
the percentage of defects (23%-26%). Total defects were 965,300 (average 80,442/month) with
a standard deviation of 0.0051 (average 0.0004/month). A P-chart was created with a UCL of
2.7836, an LCL of 2.7324, and a P-chart value of 2.758 (average 0.230/month) to aid quality
control and identification of deviations from standards. The defect rate for yellow tofu products
is high (2,758,000 DPMO), although the average sigma of 2.31 is an increase from the existing
sigma level of 2.03 indicating acceptable performance with an increase of 13.8%, there is still
room for improvement with a more efficient DPMO of 43 .48%. Thorough evaluation and
corrective action is necessary to improve quality and customer satisfaction. This framework
has proven effective in increasing the Sustainability Index from 88.78% to 93.80% in the Agro-
Food industry, while especially the yellow tofu industry in Kediri in the range of 2,758,000
DPMO(Main & Abirfatin, 2023). DPMO's potential in Lean Six Sigma in the energy sector is
effective in increasing service realization from 2.6% to 20% in 3 months, showing its potential
for optimization in the competitive service sector and proven effective in the tofu industry with
a sigma value starting at 2.31 as a sustainability measure(Bloj et al., 2020). This advantage is
due to the potential of the Stonow yellow tofu industry after COVID-19 experienced an
economic downturn, with DMAIC's integrated design with statistics capable of identifying
problems & the best solutions to increase efficiency & better customer satisfaction with a
reduction in tofu product defects that can be reduced by 20% in the future(Costa et al., 2019;
Tenera & Pinto, 2014). The Six Sigma study has contributed to the ever-changing market
competition, with the effectiveness of improving process quality 10% faster than existing
conditions because there is accurate identification of yellow tofu product defects from
upstream, handling and downstream aspects and based on the voice of the customer(Costa et
al., 2019; Pradana, Dewanti, et al., 2022; Widiwati et al., 2024).

The cause and effect diagram for yellow tofu products shows the relationship between
production factors and final quality. Recipes, procedures, scheduling, instruments, calibration,
data recording, skills, hygiene, nature, machines, maintenance, investment, raw materials,
storage, and contamination are all interrelated and determine product quality. Solutions to
address defects have been designed with a focus on employee training, cleanliness,
measurements, methods, materials and machines. Implementation of this solution is expected
to improve product quality and resolve consumer complaints. The design of overcoming
defects is stated to require a high automation model to change worker relationships on the basis
of improving worker cognition and technology in production(Baker et al., 2019; Claeys et al.,
2022; Hutabarat* et al., 2020; Peruzzini et al., 2017). The skill of workers is now the difference
in results, so old methods need to be adapted to increase productivity in complex
manufacturing, especially in yellow tofu production in Stonow Kediri(Gleeson et al., 2019). A
structured control approach with regular training, instrument setup, standardization of recipes,
SOPs, data recording, and preventative maintenance is recommended to achieve quality
consistency and minimize defects. This study shows that the application of Six Sigma is
expected to be able to provide customer satisfaction (KPI CS) at the design & development
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stage, especially the Stonow Kediri yellow tofu product by identifying recurring problems &
improving processes to achieve optimal results(Pereira et al., 2019). In the future, this control
approach will lead to Industry 4.0 with more data that can increase production sustainability
(sustainable manufacturing) through the implementation of lean six sigma which utilizes
information and communication technology (ICT) for Stonow Kediri yellow tofu
products(Titmarsh et al., 2020). This sustainability does not close the opportunity with a Six
Sigma project policy using FANP (Fuzzy Analytical Network Process) to determine the criteria
and weights for project assessment in a structured manner, so that selected projects can have
maximum impact on reducing defects and customer satisfaction.(Altintas et al., 2016; Pradana
et al., 2023; Pradana, Dewanti, et al., 2022; Pradana, Fahmi, et al., 2022a, 2022b).

4. Conclusion

This research increases the competitiveness of the Stonow Kediri yellow tofu industry
through DMAIC with a focus on sustainable quality control. An innovative approach was used
to review yellow tofu product defects by interviewing consumers directly. The increase in the
average sigma level from 2.03 to 2.31 shows that the implementation of DMAIC was
successful by 13.8% in improving the quality of the Stonow Kediri yellow tofu production
process. This means that the number of product defects has decreased significantly, from
302,417 DPMO to 170,822 DPMO with a decrease in DPMO of 43.48%. Causative factors
include recipes, procedures, scheduling, instruments, calibration, data recording, skills,
hygiene, nature, machines, maintenance, investment, raw materials, storage and contamination.
Stonow Kediri yellow tofu, East Java often has defects in texture, color, impurities and taste.
To overcome this, it is necessary to apply Six Sigma with the DMAIC (Define, Measure,
Analyze, Improve, Control) method which is accompanied by improving the production
process by conducting routine training and implementing SOPs (Standard Operating
Procedures) for all stages of production. Conduct regular data analysis to identify areas that
need improvement. Selection of quality raw materials, namely choosing soybeans with optimal
histidine, 7S PB-conglycinin and B1aB1bB2B3B4 content. Added multi strain mushroom
ingredients (Lactiplantibacillus plantarum and Meyerozyma guilliermondii) and Neurospora to
improve taste and texture. Application of supporting technology with double ultrasonic waves
to improve the taste, texture and water content of tofu. Continuous ultrasonic waves to speed
up the thawing of frozen tofu. Fermentation to produce optimal taste and texture.
Implementation of the HACCP program by implementing the HACCP program to prevent
contamination of raw materials. Store raw materials in a dry and cool place. By implementing
Six Sigma, choosing the right raw materials, supporting technology, and good storage, the
quality of yellow tofu can be improved significantly. This study contributes to controlling
sustainable quality and increasing the competitiveness of the Stonow Kediri yellow tofu
industry. This will result in increased efficiency, quality and competitiveness, which will
ultimately increase profits and consumer satisfaction.
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