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Abstract 

This research seeks to improve the production process of a micro and small enterprise focused on the manufacture of textile 

dyes, a sector that commonly faces high return dates due to formulation errors, labeling mistakes, and inadequate task 

management. Deficiencies were identified in the control of mixing parameters, imbalance in workload distribution, and failures 

in final label verification, all of which affect product quality and operational efficiency. The proposed model applies combination 

of lean methodologies and digitalization: the Taguchi method to optimize parameter control, Artificial Neural Networks to 

generate predictive models to responses under dyeing conditions and identify combinations with similar absorbance levels to 

replicate, Kanban for task management, and RFID with Poka-Yoke to ensure correct labeling. As a result, returns due to labeling 

errors decreased by 27.78%, followed by a 26% increase in value flow, a coefficient of determination of 0.799, and a mean 

squared error of 0.0213, which indicates an optimistic fit for a nonlinear systema. Additionally, the social evaluation highlights 

improvements in occupational safety, job formalization, and product traceability, contributing to a more efficient production 

model for the small-scale chemical textile industry. 

1 Introduction 

The chemical sector in Perú, particularly the dye and pigment 

subsector, plays a crucial role in the industrial economy, 

representing 1.0% of chemical product exports in 2023. This 

subsector experienced a 4.6% growth in dye and pigment 

production, reaching 856,446 thousand kilograms¹, however, 

the industry continues to face persistent challenges in 

maintaining product quality. Defects related to irregular 

textures, unstable viscosity, improper coloration, and 

deficiencies in formulation and labeling significantly affect 

both the visual performance and commercial value of paints 

and dyes². 

These quality problems impact customer satisfaction, 

production costs, and the competitiveness of companies in the 

subsector, as nonconforming batches often lead to rework, 

scrap, product returns, accounting for 32.6% of defects, the 

situation is critical for micro and small enterprises (MSEs), 

which often lack standardized quality control systems, 

structured process monitoring, rework, scrap, and robust task 

management frameworks3-4. In dye production, variability in 

mixing parameters, inconsistent raw material handling, and 

inadequate verification mechanisms increase the risk of 

producing nonconforming batches, which compromise the 

product uniformity and market competitiveness5.  

Previous studies addressed similar quality and problems by 

combining Lean methodologies, planning systems and 

technological solutions, like an App Inventor to alert operators 

in case a mistake happens6, however, its mains dependent on a 

manual supervision, that requires continuous training and 

demand periodic evaluations. However, several authors have 

applied Taguchi design of experiments, and they achieved 

improvements in color fixation, but it was focused on single-

objective and had dealing with multi-objective trade-offs 

dimensions, which has led to suggest complementing Taguchi 

with another multicriteria method7-9 

Motivated by these gaps, this study aims to identify solutions 

to optimize the dye production processes, reduce defects in 

manufacturing, and ensure better quality and consistency in the 

final product, which can be adapted to different industries and 

company sizes. The contribution integrates design of 

experiments with a new methodology that can obtain a 

performance with comparative scenarios to support multi-

objective decision-making in dye production, also using lean-

based improvements with technological tools to achieve a 

more controlled and partially automated process. 
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2 Literature Review 

2.1 Quality, Logistics and Returns Issues in MSEs 

The returns within micro enterprises (MSEs) are caused by 

structural deficiencies in quality management and logistics. It 

is identified that in a chemical MSE, 13% of returns were due 

to errors in storage, product quantity, and delivery times6. 

Meanwhile, 5.05% of their returns are attributed to non-

standardized processes, as they lack adequately documented 

order reports10, which demonstrate administrative 

disorganization. 8.33% of returns in his chemical company 

resulted from incorrect labeling5-11. Also, at the supply chain 

and logistics levels, it showed that 16% of returns are due to 

the unavailability of raw materials within remanufacturing 

processes12. Finally, in the textile sector it has been 

demonstrated that the lack of integrated planning and material 

records limits the final quality of products12-14.   

2.2 Defect Reduction with Poka-Yoke and Kanban 

address issues related to product returns. They have been used 

to prevent errors in inventory management10, leading to a 

reduction in returns caused by process instability, a 30% 

improvement in data accuracy, and more efficient 

management. In other enterprises, their implementation 

resulted in an increase in process capability from 1.278 to 2, 

thereby decreasing the rate of defective products15-16, which 

represents a cost saving of 25.23% due to lower labor expenses 

and reduced returns11. Additionally, one company was able to 

reduce its order return rate using Poka-Yoke from 13% to 8%, 

representing a 38.5% improvement17. Finally, studies highlight 

that integrating Poka-Yoke with Kanban can reduce defects by 

20% to 50%, strengthening Kanban’s effectiveness in 

workflow management and increasing confidence in the visual 

process18.  

2.3 Application of ANN for Optimization and Prediction in 

Dye Process 

Artificial Neural Networks (ANNs) are useful for modeling 

complex parameters in dyeing processes, and their application 

has significantly reduced textile simulation time from 8 

minutes to just 15 seconds19. Cross-validation was performed 

to avoid overfitting and ensure reliable predictions20 and 

integrating ANNs with traditional methods such as Taguchi 

helps reduce external variability, enabling more realistic 

dyeing simulations, improving result accuracy, and facilitating 

the identification of critical parameters21. In another study, 

ANN was used to predict the adsorption efficiency of methyl 

orange, achieving a coefficient of determination (R²) of 0.9971 

and a maximum relative error (RE) of 8.24%, demonstrating 

high predictive accuracy8. Finally, ANN was applied after 

reducing experimental runs with the Taguchi method, 

achieving predictions very close to experimental values—for 

example, for P-FBP-AC at 1000 mg/L, 2 g/L, and 15 min, the 

experimental removal was 96.8%, while ANN predicted 

95.75%22. 

2.4 Optimizing Color Fixation in the Dyeing Process  

Poor color fixation in the dyeing process is related to the 

interaction between the chemical properties in the dye, the 

fabric, and the dyeing conditions23, and 70%–80% of fixation 

problems originate from the dye formulation, influenced by 

factors such as pH, temperature, and unstable reagents. Fiber 

structure and porosity are essential for achieving adsorption 

levels above 90%24. Furthermore, the relationship between dye 

concentration and exhaustion percentage affects color fixation, 

with reported exhaustion values of 75.25%. Implementing 

methodologies such as Taguchi and ANOVA have improved 

parameter optimization and increased accuracy in the 

identification of optimal conditions25. In another study, the 

Taguchi technique was applied to generate optimal and 

controlled data, reporting improvements of 15%–30% in 

treatment performance after implementation26, and additional 

research confirmed improvements of 7.49%, demonstrating its 

relevance for standardizing conditions without requiring many 

experimental tests7. 

3 Methodology  

3.1 Conceptual Model 

returns by focusing on input analysis and the control of key 

parameters, such as the dye’s chemical formulation, which is 

adjusted using techniques like Taguchi and the LSSVR 

machine learning model to achieve a 5%–10% improvement27-

28. Furthermore, artificial neural networks can be used to 

generate samples that enhance fixation simulations without the 

need for direct experimentation, allowing for reproducible and 

comparable combinations that achieve fixation values 

approaching 1. The formula 𝐴 =𝜀 × 𝑐 × 𝑙 is implemented in 

order to obtain a better percentage of fixation and find better 

values, and obtains a better final interpretation of the dye 

absorption. Furthermore, tools such as RFID and Poka-Yoke 

are used to optimize labeling and reduce human error, 

increasing productivity by 20%–50%18. The model also 

incorporates control methodologies such as VSM and Kanban, 

which reduce customer complaints and improve process 

efficiency29.  

 

Fig. 1 Production Optimization Model 
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3.2 Description of Components 

3.2.1 Formulation and Control of Parameters: The goal of 

developing and achieving parameters that meet standards 

and improve ink absorbency is based on Taguchi and 

RNA techniques. These techniques increase the 

efficiency, fixation, and quality of the product, 

considering parameters such as pH, concentration, 

temperature, and time, whose characteristics are crucial 

for identifying potential improvements in the 

manufacturing process.  

The statistical calculation of sample quantities for 

experimentation is most easily achieved with the Taguchi 

method, allowing for an experimental design without missing 

or excess samples. Similarly, the techniques used provide 

greater control over the parameters, facilitating the 

development of efficient extraction methods. 

3.2.2 Task Management and Workload Balancing: RNA 

allows for the generation of simulated data, thereby 

reducing the dependence on extensive experimental 

trials. This approach enables the evaluation of a broad 

range of parameter combinations and facilitates the 

identification of optimal operating conditions that can 

be consistently reproduced and compared, resulting in 

fixation values close to unity and enhancing process 

robustness. 

During the simulation phase, model performance is assessed 

through the comparison of coefficients of determination (R), 

establishing a minimum threshold of R > 0.8 to ensure 

satisfactory predictive capability. To this end, different 

modeling techniques are analyzed, including linear and non-

linear regressions, decision tree models, and ensemble 

methods such as random forests. The final model selection is 

based on its fit quality and predictive strength, ensuring an 

accurate representation of the process behavior. 

The efficiency of better coordination in the delivery of finished 

products, along with an improved analysis that identifies key 

activities to increase productivity percentages, is supported 

using the Kanban tool, which fulfills this objective. Likewise, 

the ability to visualize and identify processes that require 

improvement to meet the component objective is presented; 

therefore, the Value Stream Mapping (VSM) tool is used.  

Other studies present a logical sequence for using these tools 

to reduce non–value-added activities, representing 6.74%30. 

Using both tools in chronological order to achieve better 

functioning, aiming to develop activities that enhance the 

operational process. For this reason, Value Stream Mapping 

(VSM) is used first, the use of the Kanban tool, which 

reinforces the idea of applying VSM initially to obtain a global 

view of the process and then rigorously structuring the Kanban 

cards, thereby increasing process organization31. After 

conducting a general analysis, key improvement activities are 

identified through visualization of the operational flow. 

Therefore, the use of both techniques generates efficiency and 

increases product quality by reducing unnecessary time spent 

on performing other simultaneous activities.   

3.2.3 Labelling and Final Labelling Verification: The 

implementation of tools that improve the effective 

recording of color codes, product types, and inventory 

accuracy involves incorporating devices into the 

operational process, such as RFID and Poka-Yoke, to 

achieve greater organization, reduce labeling errors, and 

ensure a correct finished product. 

After the analysis, it was considered that the structured use of 

a complementary tool within products to obtain proper 

registration and provide usefulness within the operational 

process, with the objective of reducing bottlenecks and losses 

caused by incorrect labeling. These devices are part of a 

monitoring and control system that provides real-time data 

recording of activities30. Likewise, evaluates and confirms the 

efficient sequence of implementation, demonstrating 

improvements in monitoring and tracking of products, 

achieving an 81% enhancement due to the support provided32. 

3.3 Application Flowchart to Validate 

The operational process system presents activities in which 

sequences of incorrect movements occur, preventing the 

continuous flow of product manufacturing. Based on an 

analysis that identifies negative effects in the labeling, 

packaging, and final delivery stages, these issues reduce the 

productivity of the process flow. For this reason, an analysis 

of these components is conducted with the aim of minimizing 

negative effects and achieving a continuous operational flow. 

The process begins with the visualization and identification of 

incorrect movement frequencies, using the VSM tool, which 

represents the process flow through diagrams and scales. The 

flow outlines the details of the process, making it possible to 

visualize incorrect activities through a preliminary diagnosis 

that includes operators, tools, time records, and measurements, 

enabling the identification of critical points for improvement. 

Once the current state and deficiencies have been identified, 

Kanban cards are incorporated into a visual board to maintain 

inventory control, and the exact value of the parameter with 

the characteristics needed for its use in the operational process 

is analyzed. 

In this way, the activities of receiving, filling, and label 

application are carried out using Poka-Yoke and RFID tools. 

This approach enables more efficient barcode identification 

and establishes a connection with the Poka-Yoke device, 

which defines the attributes each label must contain and allows 

proper application to the product. Subsequently, if the opposite 

situation occurs, an RFID-linked device such as a scanner is 

used. This device is responsible for visualizing and recording 

the correct attributes for each type, color code, and product, 

allowing the system to determine whether the labeling is 

correct or incorrect. 
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Fig. 2 Flowchart of the three components 

 

4 Results 

Using Poka-Yoka devices resulted in a 6.1% improvement. 

There was a better organization in registering the correct 

product code with barcode, which can identify faster than see 

the book and same time verify with formulation, that take more 

time and more issues of confuse. Using a macro simulator, 

make a total improvement of 27.78% in returned products, that 

achieved using scanning and recording devices. Using those 

records, Table I presents the better results of the operation 

process and make a continuous process, without error-free 

workflow. Finally, after analysing several samples and 

interpreting the experimental design, a 22.47% improvement 

was observed. This represents an improvement in the 

percentage of absorption compared to the original ink.  

Table 1 Absorption Improvement Validation Calculations – 

Component 1  

 

Metric Calculation Result Absorbance 

  

Total orders 2179 2179 

units 

 

Returns due 

to fastening 

(AS IS) 

2179 x 

32.11% 

700 units 0.87 

Returns due 

to fastening 

(TO BE) 

2179 x 

22.47% 

490 units 1.05 

Reduction of 

returns 

700-490 210 units  

Improvement 

percentage 

(210/700) x 

100 

30%  

 

According to the indicators found in Table 2, the number of 

returned orders registered in August decreased due to the tools 

used. Greater focus and efficient record-keeping were 

identified, with incorrect products being returned before 

packaging. This improved quality control activity, 

implemented with the new devices, resulted in a 26% 

improvement. This is evident in our focus month (august), 

where 250 total orders were identified, of which 36 were 

returned. After the implementation of these devices, the same 

total number of orders was registered, but with a decrease of 

10 orders due to returns, representing a 3.5% improvement. 

Table 2 Reduction of number of incorrect final products – 

Component 2 and 3 

 

Metric Min Value Max Value 

 
Indicator 1 3.82 8.49 

Indicator 2 -1.68 2.32 

Indicator 3 -0.426 1.37 

Indicator 4 0.492 4.14 

 

The validation model identifies the main problem, which is 

nonconforming finished product, because of two causes. One 

of them is unfixed dye in dyed fabric (%) caused by little 

formulation time and no verification of the quality of the inputs 

used to prepare the mixture, which causes the fixation to fail. 

Likewise, the fixation time is shorter than the standard range 

that should be met, which is why there are many returns related 

to the formulation process. The second is the Incorrect product 

delivery The low formulation time and the lack of quality 

verification of the raw materials used in the mixture cause the 

fixation process to fail, and the fixation time itself is below the 

standard range required, leading to a high number of returns 

associated with formulation errors. Additionally, this problem 

is aggravated by the absence of a complete registry of the 

entire color range and the insufficient ability to distinguish 

between similar colors, which generates labeling and delivery 

mistakes; therefore, RFID and Poka-Yoke tools are 

implemented to strengthen the process, improve identification, 

and ensure accurate labeling through color codes and product 

type registration. The improvement in in indicator 4, with a 

value of 2.37, indicates a decrease in the number of returned 

orders due to incorrect labeling. This result demonstrates the 

effectiveness of implementing the poka-yoke and Taguchi 

devices, thus confirming the validity of this implementation 

and its high-level improvement and efficiency in reducing 

returns. 

5 Discussion 

The selection of the extraction method varies depending on the 

parameters used. According to 34, the process was carried out 

using a 1:2 ratio, a temperature of 50–60°C, and a time of 20–

30min, achieving only a yield of 0.237%. In contrast, in the 

experiment considered pH (4-10) along with temperatures of 

60–90°C, consistent with35 and 36, resulting in a more efficient 

dyeing process with a precision of 7.49%. 

The results also highlight the role of error-proofing 

mechanisms such as Poka-Yoke in improving operational 

reliability, particularly in labeling and formulation stages 

where human error was recurrent. The device-based 

interventions significantly reduced mislabeling and 

formulation mistakes, contributing to a 41% improvement in 

process consistency31. This suggests that the root causes of 
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returns were strongly linked to manual handling and 

verification tasks, reinforcing the importance of system-

dependent rather than operator-dependent controls. The 

formulation stage was identified as the most energy-intensive 

step, contributing substantially to the overall carbon footprint.  

According to the formulation methodologies aimed at 

enhancing absorption, different investigations recommend 

employing a solvent-based method (ethanol and water) 

combined with an extraction process33. This extraction is 

applied to reduce the number of pressurization and 

depressurization cycles and to maximize the bioactive 

components of the ink. In contrast to the referenced method, 

the present study demonstrates the efficiency of the 

lyophilization technique, which not only enables a 

comparative colorimetric analysis but also prevents material 

loss throughout the process5. 

Following the implementation of Poka-Yoke tools, devices 

such as a colorimeter and a QR code barcode scanner, the 

objective of reducing incorrectly labeled products by 27.97%, 

improving absorption by 4%, and decreasing the excessive use 

of incorrectly applied labels and wasted supplies was 

achieved19. This demonstrates that Poka-Yoke, Kanban, and 

Value Stream Mapping (VSM) tools can be implemented 

regardless of company size, if product quality remains optimal. 

This finding is like articles such as two articles that have 

similar attributes. However, it differs from other authors, 

which found that implementation takes time and the 

percentage of success does not exceed 20%.5-31 

6 Conclusion 

The improvement project is economically viable and 

sustainable, strengthening the company’s financial stability by 

reducing operational costs and losses associated with product 

returns. Additionally, the implementation of devices for both 

formulation control and labeling accuracy resulted in a 41% 

improvement, demonstrating the significant impact of 

parameter control and error-prevention mechanisms on overall 

process performance. It is defined according to the percentage 

of absorption, a possible path optimizing the investment cost, 

and a better input used to increase the fixation of the dye. The 

improvement of reduced returned orders is presented with the 

support of devices, thus automating the process and 

developing organization in the products. 

7 Recommendations  

To enhance the performance of the natural dyeing process, it 

is recommended to implement energy-efficiency measures by 

optimizing equipment usage times, especially during the 

formulation stage. Additionally, identifying the target unit at 

the end of each simulation will facilitate accurate time 

recording and improve data accessibility. Clearly defining the 

objectives to be analyzed will also help ensure the precision of 

the results and strengthen the reliability of the simulation 

outcomes. In addition, it is analyzed and presented to consider 

the ambient temperature in the approach to reading the samples, 

since it determines the proportion in the reading. 

8 References  

[1] Instituto de Estudios Económicos y Sociales. (2023). 

Industria Química. 

[2] Parralejo-Sanz, S., Quereda-Moraleda, I., Requena, T., & 

Cano, M. P. (2024). Encapsulation of Indicaxanthin-Rich 

Opuntia Green Extracts by Double Emulsions for Improved 

Stability and Bioaccessibility. Foods, 13(7). 

[3] Zulkarnaen, I., Kurnia, H., Saing, B., Apriyani, A., & 

Nuryono, A. (2023). Reduced painting defects in the 4-

wheeled vehicle industry on product type H-1 using the lean 

six sigma-DMAIC approach. Jurnal Sistem Dan Manajemen 

Industri, 7(2), 179–192. 

[4] Joseph Chan. (2023). Making sense of chemical process 

trinseo relief.  

[5] Cabrera Gil. (2025). A. B. OLIVARES-APAZA, F A 

SALAS-CAM, E M CABRERA-GIL GRADOS. 

[6] Diaz-Hidalgo, P., Azurin-Salas, C., Carlos Quiroz-Flores, 

J., Martí N Collao-Dí Az, +, & Flores-Pé Rez, A. (2022). 

Application of Lean Tools and Inventory Policies in a Mass 

Consumer Distribution Company in Peru. 

[7] Bharadwaj, T. K., & Gupta, K. N. (2021). Dye separation 

using a semi-batch foaming process: Process optimization 

using Taguchi methodology and grey relational analysis. 

Environmental Engineering Research, 26(4). 

[8] Lin, L., Jiang, T., Li, L., Pervez, M. N., Zhang, C., Yan, C., 

Cai, Y., & Naddeo, V. (2022). Sustainable traditional grass 

cloth fiber dyeing using the Taguchi L16 (4^4) orthogonal 

design. Scientific Reports, 12(1). 

[9] Sabir, E. C. (2023). Investigation of Performance 

Properties of Dyed and Raised Twill Woven PES/VIS Fabrics 

by Full Factorial and Taguchi Experiment Design Methods. In 

Müh. Fak. Dergisi (Vol. 38, Issue 2). 

[10] Fenton, K., Simske, S., & Luu, J. (2023). Mitigation of 

Chemical Reporting Liabilities through Systematic 

Modernization of Chemical Hazard and Safety Data 

Management Systems. ACS Omega, 8(5), 4928–4936. 

[11] Machuca Vásquez, P. A. P. O. M. C. (2020). A lean 

planning model to reduce returns of heat-sensitive products in 

a Peruvian chemical- pharmaceutical company. 

[12] Rosyidi, C. N., & Sari, R. M. (2023). Integrating Bass 

model in a closed loop supply chain system with low and high 

product return scenario under carbon cap and trade policy. 

Cogent Engineering, 10(1). 

[13] Chekoubi, Z., Trabelsi, W., Sauer, N., & Majdouline, I. 

(2022). The Integrated Production-Inventory-Routing 

Problem with Reverse Logistics and Remanufacturing: A 

Two-Phase Decomposition Heuristic. Sustainability 

(Switzerland), 14(20). 

[14] Elahi, I., Ali, H., Asif, M., Iqbal, K., Ghadi, Y., & 

Alabdulkreem, E. (2022). An evolutionary algorithm for 

multi-objective optimization of freshwater consumption in 

textile dyeing industry. PeerJ Computer Science, 8. 

[15] Gonzalez, C. F. L., Rodriguez, A. M. R., & Manzanares, 

F. V. (2024). Disruptive method for managing BIM design and 

construction using Kanban. Organization, Technology and 

Management in Construction, 16(1), 1–12. 



6 
 

[16] Aguilar-Paz, A., Bellido-Yarlque, J., Quiroz-Flores, J. C., 

& Nallusamy, S. (2023). A Proposed Model for Inventory 

Management to Minimize the Rate of Raw Materials Tied up 

of Textile Industry with Lean Engineering Tools. SSRG 

International Journal of Mechanical Engineering, 10(8), 11–20. 

[17] Baqleh, L. A., AlSliti, H., Obeidat, M. S., & Khrais, S. 

(2024). Lean manufacturing implementation in the food 

industry in Jordan. International Journal of Industrial and 

Systems Engineering, 47(1), 84–97. 

[18] Mayo-Alvarez, L., Del-Aguila-Arcentales, S., Alvarez-

Risco, A., Chandra Sekar, M., Davies, N. M., & Yáñez, J. A. 

(2024). Innovation by integration of Drum-Buffer-Rope (DBR) 

method with Scrum-Kanban and use of Monte Carlo 

simulation for maximizing throughput in agile project 

management. Journal of Open Innovation: Technology, 

Market, and Complexity, 10(1). 

[19] Koptelov, A., Thompson, A., Hallett, S. R., & El Said, B. 

(2024). A deep learning approach for predicting the 

architecture of 3D textile fabrics. Materials and Design, 239. 

[20] Sharath Kumar, K, & Rama Bai, M. (2023). ResNet50: 

Automated Fabric Defect Detection and Classification based 

on a Deep Learning Approach. In Tuijin Jishu/Journal of 

Propulsion Technology (Vol. 44, Issue 4). 

[21] Balaji, A. N., & Peh, L. S. (2023). AI-On-Skin: Towards 

Enabling Fast and Scalable On-body AI Inference for 

Wearable On-Skin Interfaces. Proceedings of the ACM on 

Human-Computer Interaction, 7(EICS). 

[22] Alardhi, S. M., Fiyadh, S. S., Salman, A. D., & Adelikhah, 

M. (2023). Prediction of methyl orange dye (MO) adsorption 

using activated carbon with an artificial neural network 

optimization modeling. Heliyon, 9(1). 

[23] Emanuele, L., Kodrič Kesovia, M. M., Dujaković, T., & 

Campanelli, S. (2024). The Use of a Natural Polysaccharide 

Extracted from the Prickly Pear Cactus (Opuntia ficus indica) 

as an Additive for Textile Dyeing. Polymers, 16(14). 

[24] Ghosh, J., & Rupanty, N. S. (2023). Study on a cationic 

agent-based salt-free reactive dyeing process for cotton knit 

fabric and comparison with a traditional dyeing process. 

Heliyon, 9(9). 

[25] Lin, L., Jiang, T., Li, L., Pervez, M. N., Zhang, C., Yan, 

C., Cai, Y., & Naddeo, V. (2022). Sustainable traditional grass 

cloth fiber dyeing using the Taguchi L16 (4^4) orthogonal 

design. Scientific Reports, 12(1). 

[26] Sarma, P., Bano Choudhury, F., Basumatari, D., Kalita, 

K., Sekhar Ghosh, S., Basnet Baruah, B., Rahman, S., Das, J., 

Mech, B., Das, S., Baruah, P., Baruah, H., Khargharia, S., & 

Kalita, T. (2025). Development and Evaluation of Indigenous 

Natural Dyes: Extraction Methods, Absorption Efficiency, and 

Color Fastness on Eri Silk. Journal of Natural Fibers, 22(1). 

[27] Pervez, M. N., Yeo, W. S., Lin, L., Xiong, X., Naddeo, 

V., & Cai, Y. (2023). Optimization and prediction of the cotton 

fabric dyeing process using Taguchi design-integrated 

machine learning approach. Scientific Reports, 13(1). 

[28] Nugraha, N., Novita, D. D., Djamlaludin, D., & Satriani, 

A. (2021). Design of Bag Product’s Marketing Strategy by 

Implementing QFD Method and SWOT Analysis. MIMBAR: 

Jurnal Sosial Dan Pembangunan, 37(1). 

[29] Rahardjo, B., Wang, F. K., Yeh, R. H., & Chen, Y. P. 

(2023). Lean Manufacturing in Industry 4.0: A Smart and 

Sustainable Manufacturing System. Machines, 11(1). 

[30] Kosasih, W., Sriwana, I. K., Sari, E. C., & Doaly, C. O. 

(2019). Applying value stream mapping tools and kanban 

system for waste identification and reduction (case study: A 

basic chemical company). IOP Conference Series: Materials 

Science and Engineering, 528(1). 

[31] Habib, M. A., Rizvan, R., & Ahmed, S. (2023). 

Implementing lean manufacturing for improvement of 

operational performance in a labeling and packaging plant: A 

case study in Bangladesh. Results in Engineering, 17. 

[32] Okafor, C. y Adeniyi, O. (2023). Aplicación de 

metodologías poka-yoke en la industria alimentaria: Un 

estudio de caso en Nigeria. Journal of Food Process 

Engineering, 46(5), e13722. 

[33] Scarano, P., Tartaglia, M., Zuzolo, D., Prigioniero, A., 

Guarino, C., & Sciarrillo, R. (2022). Recovery and 

Valorization of Bioactive and Functional Compounds from the 

Discarded of Opuntia ficus-indica (L.) Mill. Fruit Peel. 

Agronomy, 12(2).  

[34] Sudha, P., Manoja, V., Deepa, J. et al. Optimización de la 

extracción acuosa de pigmentos de semillas de achiote asistida 

por microondas mediante el diseño Box-Behnken. Biomass 

Conv. Bioref. 14 , 18775–18788 (2024).  

[35] Sarma, P., Bano Choudhury, F., Basumatari, D., Kalita, 

K., Sekhar Ghosh, S., Basnet Baruah, B., … Kalita, T. (2025). 

Desarrollo y evaluación de tintes naturales autóctonos: 

métodos de extracción, eficiencia de absorción y solidez del 

color en seda Eri. Journal of Natural Fibers , 22 (1). 

[36] T. Agudelo Patiño, J. A. Poveda-Giraldo, M. H. Salas 

Moreno, G. Rengifo Mosquera, and C. A. Cardona Alzate, 

Potential for Sustainable Production of Natural Colorants in 

the Tropical Forest: A Biorefinery Case of Annatto Seeds. 

Sustainability. 15, 4 (2023).  

 

 


